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1. DETAILED PROJECT DESCRIPTION 


1.1 Product Slate 


1.1.1 Middle Distillates 


The primary products of the proposed refinery are ultralow sulphur diesel and jet/kerosene. These two 


products have been determined by marketing consultants as the two prime refinery products for which a 


domestic Turkish demand growth, coupled with demand from nearby countries on the Mediterranean coast, 


creates a viable outlet for STAR Refinery . Growth projections for these products through the Project life 


indicate a short-fall in supply that far exceeds the capacity of STAR Refinery. Price premiums for both 


products also appear to exist for some period into the future due to the higher quality of the fuels. STAR 


Refinery is based on no gasoline and fuel oil production.  


1.1.2 Petrochemicals Naphtha  


One of the most important aspects of the Project is the generation of petrochemical naphtha to be converted 


to olefins in the Petkim steam cracker which is adjacent to the refinery. In order to make maximum economic 


use of this hydrocarbon fraction and to avoid production of motor gasoline which is predicted to be over-


supplied in the region for the Project life, it is planned to produce all the required naphtha for the cracker.. 


1.1.3 Mixed Xylenes / Reformate  


The heavy end of the naphtha produced in the refinery will be sent to a catalytic reformer for the production 


of BTX. Such materials are currently produced at Petkim in a process unit whose technology is obsolete. 


Upon completion of STAR Refinery, this unit is likely to be shut down. The mixed aromatics will be sold to 


Petkim on an arm’s length basis recognizing that its value as a mixture is governed by octane barrel pricing 


for motor gasoline. Excess production of aromatics which are either outside the definition of BTX or are in 


excess of Petkim demand will be sold as motor gasoline blending stock. All aromatics recovery and 


purification systems will be owned and operated by Petkim thus saving the Project considerable capital 


investment.  


The final products of this mixture are benzene which is a chemical building block, toluene which is a valued 


octane booster for the motor gasoline pool, p-xylene which is used at Petkim as a feed for the production of 


purified terephtalic acid (PTA) and sold as a precursor for polyester fiber production, and o-xylene which is 


used as a feed for the production of pthalic anhydride in a unit owned and operated by Petkim. 


1.1.4 Liquefied Petroleum Gas (LPG) 


The refinery produces LPG as a natural consequence of refining the crude oil feed and from some 


conversion units (Reformer, Hydrocracker and Delayed Coker) which operate on the heavy end of the barrel. 


LPG is considered an ideal feed for the Petkim steam cracker and a portion of the production is dedicated to 


that purpose. The remaining LPG will be available for sale in the Turkish market. The demand for this 


material is somewhat dependent on the increased use of natural gas for heating and transportation needs, 


but the supply shortfall is forecasted to be several times the level of production from the Project.  


1.1.5 Petroleum Coke/ Elemental Sulfur 


The refining process for sour crude oils will be supplied to the Project result in the production of two by-


products – pet coke and sulphur. These products add little if any value to STAR Refinery but must be 


handled in order to maintain operations of the refinery. Pet coke will be sold to a local cement plant for 
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combination with other feeds to make cement for industrial and transportation needs in Turkey. Sulphur is an 


international commodity which is primarily used for the production of sulphuric acid, a common chemical 


reagent used in many applications. Sulphur may be sold in the domestic market to a limited degree and most 


will be exported to Europe.  


1.2 Design Capacities and Process Technology 


1.2.1 Design Capacities 


Unit capacities have been fixed after the configuration phase of the concept study. First, Linear Programming 


(LP) has been employed as the methodology to optimize configurations and assess the economic results 


based on crude slate and different upgrading options. After the final configuration has been determined and 


crude slate has been selected as the mid distillate crude -, the nominal capacities are obtained via LP model. 


The final configuration has also been investigated with the alternative crude oils and associated nominal 


capacities have been determined for each process unit. The summary of all capacity information regarding 


the STAR Refinery configuration is presented in Table 1. 


Table 1: Processing Unit Capacities (CFS) 


 Crude Type  


Process Unit Name Units AZL IRH KIR URL Mid 
Distillate 


Crude  


Design 
Capacity 


Crude Distillation U. BPSD 214,000 214,000 214,000 214,000 214,000 214,000 


Vacuum Distillation U. BPSD 79,367 85,728 78,528 84,400 82,127 85,000 


Naphtha Hydrotreater BPSD 15,393 21,699 23,058 15,598 18,458 20,000 


Continuous Cat. Ref. BPSD 25,566 29,080 30,968 24,366 26,557 28,000 


Kerosene Hydrotreater BPSD 29,553 27,695 31,126 28,381 25,446 26,000 


Diesel Hydrotreater BPSD 68,602 58,787 58,163 59,742 59,648 68,000 


Hydrocracker BPSD 73,666 61,712 61,525 68,713 65,641 66,000 


Hydrogen Unit CMPH 142,578 140,290 121,347 153,122 136,410 160,000 


Delayed Coker BPSD 29,206 45,171 36,940 39,701 35,898 40,000 


Saturated Gas Plant TPD 573 689 716 676 639 650 


Unsaturated Gas Plant TPD 157 400 347 328 340 360 


Saturated LPG Merox TPD 617 767 671 776 676   740 


 Unsturated LPG Merox TPD 136 236 190 206 188   228 


Sulphur Recovery Unit TPD 108 438 488 383 463   487 


Sour Water Stripper CMPH 162 160 157 159 169   232 


 
Crude Type 
 


Design capacities have been determined based on the optimal nominal capacities obtained for the design 


crude slate. However, the processing capacity requirements of alternative crude oils have also taken into 


consideration while rounding up the nominal capacities to the design capacity for each processing unit. 


1.2.2 Technology Selection 


The technology selection process has been carried out through a detailed assessment of alternatives. The 


short listed technology providers have been determined after a pre-elimination following the Concept Study. 


Based on the nominal and design capacities, product specifications, and other technical prerequisites 
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defined during the CFS, technology licensors for each processing unit were invited to propose their technical 


and commercial packages. The summary of the technology licensor invitations and responses is given in 


Table 2. 


Table 2: Licensor Proposals 


Unit # of Short Listed 
Licensors 


# of Proposal 
Received 


Naphtha Hydrotreater (NHT) 2 2 


CCR Platformer (CCR) 2 2 


Hydrocracker (HCU) 4 3 


Kero Hydrotreater (KHT) 4 4 


Diesel Hydrotreater (DHT) 4 4 


Delayed Coker (DCU) 3 3 


Hydrogen Unit (HGU) 6 5 


Sulphur Recovery Unit (SRU) & Tail Gas 
Treatment Unit (TGTU) 


4 3 


Saturated LPG Treatment (SLPG) 2 1 


Unsaturated LPG Treatment (ULPG) 2 1 


Listed 
Technical and economical evaluation templates were jointly prepared by STAR and Technip Italy. Licensor 


proposals have been evaluated with respect to predetermined criteria defined in those templates. Resulting 


technical and economical rankings have been further investigated by the management and selected 


licensors were nominated. The technology selection process flow is illustrated in Figure 1. 


 


Figure 1: Technology Selection Process 
 


Final figures in the CFS are based on the processing schemes provided by the nominated licensors, which 
present more precise data about the conversion rates, utility consumptions, and operating/maintenance 
conditions of the unit. The flow diagram is shown in Figure 2. 
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Figure 2: Capacities and Technology Licensors on Block Flow Diagram (CFS) 
 


The nominated licensors were invited for final negotiations so as to clarify outstanding items in their 


proposals prior to signing the License and Basic Engineering Design (BED) agreements. Consequently, the 


agreements have been signed with five different licensors for ten different processing units. Since the 


processing technologies for Crude Distillation, Vacuum Distillation, Amine Regeneration and Sour Water 


Stripper units are non-licensed; such open-art units will be designed by the Front End Engineering Design 


(FEED) contractor along with remaining tasks associated with FEED package development. 
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1.2.3 Process Units 


Crude Oil Distillation 


The Crude Oil Distillation Unit is the first unit in the oil refining process and is principally the 


process of separating different fractions contained in the crude oil by evaporation / condensation. 


The top part of the atmospheric distillation column is sent to the stabilizer system. Distillation is a 


standard process producing off gas, LPG and Naphtha as the stabilizer residue product. Off gas is 


sent to refinery fuel gas system to be burned in process heaters. LPG is treated for the sulphur 


compounds and sent to storage. 


The raw naphtha is treated in a medium pressure Naphtha Hydrotreating unit (NHT) using 


hydrogen gas. At the end of treating process, both sulfur content and nitrogen content of the 


naphtha are reduced below 0.5 ppmw, and then produced H2S is sent to Sulphur Recovery Unit. 


LPG is recovered in the saturated gas recovery unit (SGP), and the raw naphtha is split in a 


fractionation column to light and heavy naphtha. The light naphtha is then sent to Petkim for further 


processing in petrochemical plants. The heavy naphtha is produced at a low back-end cut point 


temperature (about 160 deg C) and sent to the CCR Reformer unit to produce high aromatics 


(BTX) feedstock for the Aromatics Complex in Petkim. 


In the atmospheric distillation column, Kerosene, Diesel and Heavy Atmospheric Gas Oil are 


extracted in sequential order and remaining Atmospheric Residue Product is sent to a Vacuum 


Distillation Unit. 


Vacuum Distillation 


Heavier fractions which cannot be obtained in Crude Oil Distillation Unit are subject to advanced 


distillation under vacuum in a Vacuum Distillation Unit. The unit is designed so as to draw three 


vacuum gas oil (VGO) extractions (LVGO 380-385 deg C, MVGO 385-420 deg C and HVGO 420-


550 deg C). While LVGO is directed to the Diesel Hydrotreating Unit, MVGO and HVGO streams 


are combined as the inputs to the Hydrocracker Unit. The Vacuum Residue (VR) product is 


charged to the Coker unit. The cut point between VGO and VR product is determined as 560 deg 


C to achieve a VGO quality suitable for reliable processing in the Hydrocracker Unit. 


Naphtha Hydrotreating 


The raw naphtha obtained as the stabilizer residue product of the CDU unit, Hydrocracker naphtha 


and the naphtha from the Coker unit are charged into a Naphtha Hydrotreating Unit. Here, it is 


treated with hydrogen to remove sulfur and other impurities contained in it. The design and 


operating conditions of the unit are selected so as to achieve the charge quality for the Continuous 


Catalyst Regeneration (CCR) reformer unit. It is separated into light naphtha and heavy naphtha in 


the Naphtha Splitter column. The light naphtha is sent to Petkim for treatment in petrochemical 


plants, and the heavy naphtha is sent to CCR Reformer unit in order to enrich aromatic contents 


for raw material supply to Petkim. 


Gas Treatment 


The production of LPG, fuel gas, and unsaturated gases separating from crude distillation and 


conversion units in the refinery are combined into a single treating system to remove acid gases 


like carbon dioxide, convert any contained sulfur to di-sulfide form (removes odor) and treated for 


removal of metals. These units are critical to the overall operation as the LPG is being sent to a 
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steam cracker which cannot handle certain contaminants and excess is being sold as domestic 


LPG which must meet standards for composition and contaminant levels. 


Continuous Catalytic Reforming 


The heavy naphtha is treated in the Continuous Catalytic Reforming unit (CCR) to increase its 


octane number (RON) up to 106. Meanwhile, hydrogen is also produced as by-product which is a 


very important input to refinery units. The CCR unit is preferred instead of a fixed-bed unit for the 


following reasons: 


• A CCR unit produces 15% more reforming product at a certain octane number. 


• It produces apparently more and high purity hydrogen. 


• It allows product with higher octane number (106 RON). 


• It is always available for use. It does not need to be closed at regular intervals for catalyst 


regeneration. Therefore, it avoids indispensable storage costs for storage of heavy naphtha 


and reforming units during regeneration period (12 – 15 days) in a fixed-bed unit. 


• Additionally, it allows savings in the cost of production plant investment required for supply of 


hydrogen for successful completion of catalyst regeneration period. 


• It provides higher octane product at a lower pressure. 


• The CCR unit is a clear and inarguable selection since abundant amount of hydrogen is 


required in refinery configuration. 


Kerosene and Diesel Hydrotreating 


Because the Project is going to be fed with a sour crude oil, the removal of sulfur is important both 


for internal processes which are sulfur intolerant and for meeting specifications on transportation 


fuels. The latter impact continues to grow as specifications around the world continue to tighten the 


level of sulfur tolerated in diesel and fuel oils. Various catalytic units will be included in the refinery 


to remove sulfur from naphtha, kerosene and diesel fuels. The kerosene fraction from atmospheric 


distillation column is treated with hydrogen in the reactor containing fixed-bed catalyst for the 


purpose of being blended with low sulphur diesel product by reducing the sulphur content of the 


product below 10 ppm and meeting the Jet-A1 specifications. Furthermore, the product is 


subjected to pre and post-treatment to meet the other jet fuel specifications. “Straight run” (SR) 


diesel is separated from other liquid fuel products at a separation temperature as high as possible 


such as 370 deg C for the purpose of maximizing the quantity of product to be obtained in crude oil 


unit. SR diesel is treated with hydrogen in a diesel hydrotreating unit (DHT) together with LVGO 


from the vacuum unit and gas oil from the Coker unit and the sulphur content of the product is 


reduced below 10 ppm. The raw naphtha produced in the DHT unit is redistilled by sending it to 


CDU unit stabilizer.  


Hydrocracking 


The conversion of vacuum gas oils to lighter more valuable products – specifically diesel and jet 


fuel requires a high pressure cracking unit which consumes hydrogen to remove contaminants and 


saturate hydrocarbon molecules. This is the key process in the refinery in terms of generating the 


fuels most in demand in the market place and must be the most reliable operation that can be 


licensed. The main input to this unit is the combined vacuum gas oil (VGO) stream. Besides, 


HCGO from the Coker unit is also charged into this unit. The Gas Oil charged into the unit is 


cracked in hydrogen atmosphere under high pressure (170 kg/cm2) and at high temperature (450 


deg C) and converted into more valuable white products. Since the reaction takes place in a 


hydrogen medium, the products are obtained sulphur free. The Hydrocracker produces mostly 


diesel, jet and some naphtha at conversion rates as high as 95 percent. The LPG and residual 
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gases produced in the unit are sent to SGP. The sulfur content of the naphtha separated in 


hydrogen environment is low and directly sent to CCR Reformer Unit. The sulphur content of the 


jet and diesel separated in hydrogen medium is below 10 ppmw and can be directly sent to a 


product blending process. The product not converted (having a very low sulphur content) is used 


as an intermediate fuel-oil product, it may also be used as ethylene steam cracker raw material, in 


production of mineral oil base stock and in petrochemical industry applications. 


Delayed Coking 


Vacuum residue from the vacuum unit has little use other than as a fuel for power generation. It 


has become rather commonplace now to coke the vacuum residue in a series of coke drums thus 


producing more valuable hydrocarbons while leaving a carbon residue referred to as pet coke. In 


general, more than 50 weight percent of the vacuum residue can be recovered as lighter materials 


from light gases to heavy fuel oil components. The vacuum residue product is decomposed at high 


temperature and converted into lighter products and coke. A recycling rate of 20 percent is 


selected to control the quality of Coker Gas Oil to be sent to the Hydrocracker unit. This unit 


essentially produces four different products. High sulfur coke, heavy gas oil, coke diesel and coke 


naphtha. Since the olefin content of Coker LPG is considerably high, another unsaturated gas unit 


is added to the system. The unsaturated LPG is then directed to sweetening unit to make the 


finished propane and butane in conformity with LPG specifications.  


Hydrogen Production and Purification 


The hydrogen requirements of hydrotreating and hydrocracking units in the refinery cannot be 


satisfied with internal production from the reformer and therefore a captive hydrogen generation 


unit is included in the refinery. The process is based on the reforming of hydrocarbons – natural 


gas (methane) or naphtha will be used as feed. Although the NHT unit operates with hydrogen 


directly coming from CCR, it is assumed that additional high purity hydrogen will be fed into KHT, 


DHT and Hydrocracker at this stage. The hydrogen deficit of the refinery (which covers major part 


of the additional hydrogen feed into Hydrocracker unit) will be completed by means of a hydrogen 


unit. Although the hydrogen unit uses natural gas as the main input, it will be designed so as to 


use Light Naphtha as the secondary raw material. In this unit, the Natural Gas or Naphtha is 


decomposed by steam at high temperatures accompanied by a catalyst and hydrogen is thereby 


produced. The Pressure Swing Absorption (PSA) unit is included in the configuration to treat the 


hydrogen rich gas obtained so that it has a purity level of higher than 99.9 percent. The pure 


hydrogen is introduced for eventual use in desulfurization of fuels, hydrocracking and saturation of 


components in the naphtha being prepared for steam cracker feed at Petkim. 


Sulphur Recovery 


The Sulphur Recovery Unit treats the H2S gas from various units to obtain elemental sulphur in 


99.9 percent purity. The emission limits will be achieved by adding a Tail Gas Treatment Unit 


(TGTU) downstream of the sulphur unit. 


1.2.4 Utility Units 


Demin Water Unit 


The objective of the Demineralized Water Unit is to treat raw water to produce, store and 


distribute demineralized water of a quality level that is required by its specific users. 
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The feed to the Demineralized Water Package is Process Water, which is treated to produce 


Demineralized (Demin.) Water. Subsequently, the produced Demin Water is stored in a tank and 


pumped to its users. 


The package typically contains cation/anion bed(s) and/or mixed bed(s), which require periodic 


regeneration with Sulphuric Acid and Caustic. 


The capacity of the unit to be defined by the bidders considering refinery consumption. Estimated 
design capacity of the unit is 330 t/h. 
 


Cooling Water Unit 


The objective of the Cooling Water Unit is to treat process water to produce and distribute cooling 


water of a quality level that is required by its specific users.The feed to the Cooling Water Unit is 


Process Water, which is conditioned by chemicals from the Cooling Water Treatment Package 


and is retained in the Cooling Water Basin. From here, the Cooling Water is pumped to its users 


and subsequently, returned to the Cooling Water Tower where it will be cooled and collected in 


the Cooling Water Basin. 


The capacity of the unit to be defined by the bidders considering refinery consumption. Estimated 
design capacity of the unit is 21.000 m3/h. 
 


Boiler Feed Water Unit 


The objective of the Boiler Feed Water Unit is to produce and distribute BFW of a quality  level 
that is required by its specific users.  The capacity of the BFWU to be defined by the bidders 
considering refinery consumption. Estimated design capacity of the unit is 340 t/h. 
 
Steam Boiler Unit  
 
The objective of the Steam Boiler Unit is to produce and distribute high pressure steam to the 


Refinery HP steam header. During normal operation it is assumed that the boilers will both be 


operating. In the event that the Hydrogen Unit (HGU) trips, both boilers should be able to deliver 


the base load and hydrogen plant steam production. The rounded up combined maximum 


continuous rated (MCR) load of the both boilers is 280 t/h (or 140 t/h each). 


Waste Water Treatment Unit 


A new Waste Water Treatment Unit (WWTU) is going to be built in Petkim Petrochemical 


complex to be served to STAR Refinery. Various streams from refinery facilities and 


contaminated strom water to be treated in WWTU. WWTU technology will be developed during 


EPC phase. Estimated design capacity of the unit is -1101 m3/h. The estimated capacity will be 


verified by the bidders.  


The requirements for discharge to the Aegean Sea for both the treated waste water and clean 


storm water run off are listed in the table below. The discharge requirements are based on the 


discharge limits stated in the IFC EHS guidelines for petroleum refining and Turkish Water 


Pollution Control Regulation. 


Effluent Water Quality Specifications: 
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Jetty  


STAR Refinery Marine Terminal will allow unloading (import) of crude oil and loading (export) of 


multiple products including LPG, jet, diesel, reformate, sulphur and xylenes. Considering variability of 


the products, multiple jetties are required in the terminal.  


At present, four separate jetties are planned. Each of the jetties will allow double sided berthing of 


tankers. While three jetties will be for liquid handling, one jetty will be for bulk cargo namely coke and 


sulphur.  


The site for the marine terminal is located to the west of the existing port inside Petkim facilities. The 


coastline in the area is currently idle and the access is very limited. For development of the marine 


terminal, first construction of a coastal reclamation is needed. The reclamation will be done by 


marine filling by quarried rock along the coastline and will aim to create a platform for the access 


road, pipeline and conveyor lines. The average width of the reclaimed area will be 30 meters and 


approximately 3 million tons of rock will be used. A minor slope stabilization work also will be 


required on the cliffs behind the terminal. 


The first jetty at southern boundary of the terminal is called Jetty 1 and will serve to crude oil 


unloading and diesel loading. The jetty will allow berthing of up to 150,000 DWT tankers. The jetty 
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length will be app. 510 meters and will consist of multiple loading/unloading platforms and 


breasting/mooring dolphins.  


Jetty 2 and 3 will have a similar structural configuration and both will have an app. length of  (360m, 


340m respectively)  meters. The design vessels for these jetties are smaller; max size is 35,000 


DWT. The jetties will serve to export products and loading arms for these various products shall be 


present on the jetties.  


Jetty 4 is reserved for bulk cargo handling only and located at northern part of the terminal area. It is 


approximately 300 m. in length and will have app.  40 m. constant width to enable operation of 


conveyor system on the deck. Both sulphur and coke will be handled in the conveyor system which 


will include two separate belts and shiploaders for each product.  


All jetties will be founded on large diameter steel piles.  Operating platform will be formed by 


reinforced concrete deck system which will be a combination of precast and in-situ concrete 


components. Each jetty shall be connected to the reclamation along the coast by means of an 


access road (or trestle/causeway). This trestle will form the bridge between the land and loading 


platforms for pipe racks, roadway and other facility and instrumentation required for the marine 


terminal.  


All necessary water, wastewater and fire water facilities shall exist on the jetties in addition to 


mooring accessories like bollards, fenders and quick release hooks etc. For emergency situations, 


oil boom containers and fire monitors will also be available.  


At general master planning of the terminal, vessel navigation simulation studies have been 


conducted and the best configuration of the jetties was determined for safe operation of the terminal. 


The water depths in the terminal area is suitable for safe navigation of the tankers and there will be 


no need for dredging.  


 


 Vapor Recovery Unit 


Vapour Recovery Unit (VRU) will be installed for the treatment of volatile organic compound 


emissions generated by ship loading in STAR Refinery. During loading, vapours are typically 


displaced inside the cargo ships and they are collected via vapour collection system header to the 


VRU.  


The exhaust vapour stream vent to atmosphere from VRU shall meet the volatile organic compound 


(VOC) emission limits 10 g/Nm3 as per European Directive 94/63/EC. 


1.3 Project Development Activities 


STAR Project development was commenced with the investment decision made by the STAR Board of 


Directors in September 2008. The Project development activities can be grouped into three parallel 


execution lanes, namely Technical, Regulatory, and Financial. The preparation of this PIM can be 


considered as part of the Financial Package development activities. Regulatory issues and legal processes 


regarding the Project development are provided in a different section of this PIM. In principle, we focus on 


Technical Project Development stages in this section of the PIM. A simple roadmap illustrating the technical 


project development activities with key milestones is shown in Figure 3. 







 


 


STAR PROJECT  


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP1- 11  
 


 


Figure 3: Project Roadmap – Technical 


1.3.1 Concept and Feasibility Studies (CFS) 


The Technical Studies were started with an in-depth Market Survey. The site selection was concluded 


immediately after the privatization of Petkim Petrokimya Holding A.Ş. (PETKİM) and acquisition of its 


majority shares indirectly by STEAS in May 2008 (Please refer to Section 1.6.2 for more information). 


Following the initial investment decision, the Concept and Feasibility Study for STAR Project was contracted 


to UOP Limited (UK) and Technip Italy S.p.A in February 2009, where UOP would undertake the conceptual 


design and Technip would undertake the Feasibility Study of the Project. The Concept Study, yielding the 


final refinery configuration, unit design capacities and crude slate, has been completed in August 2009. 


Based on these initial figures, the Feasibility Study including Licensor Evaluation and Technology Selection 


as well as detailed economical assessment of the project was completed in March 2010. In addition to the 


technical outputs such as the overall material and utility balance, storage requirements etc.; the feasibility 


study presents a ±40% investment cost estimate, a financial summary with sensitivity analysis, and a 


preliminary risk assessment. 


 
1.3.2 Basic Engineering Design (BED) 


The License and Basic Engineering Design (BED) Agreements have been signed with 5 different licensors 


for 10 licensed units in January-February 2010. A Front End Engineering Design (FEED) Contract was 


awarded to Foster Wheeler Italiana (FWI) at the end of February 2010, and the Kick-Off meeting for FEED 


was held in March 2010. The FEED and BED packages  were finalized in  April, 2011. 


FEED phase of project is intended to perform the following tasks: 
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• To combine various process technologies in a single and integrated system; 


• To design Open Art process units as well as the OSBL (off-site) facilities including infrastructure 


  and storage, and to ensure a consistent structure; 


• To prepare design data for all refinery facilities in an overall standard package, and; 


• To estimate Investment Cost for the entire plant at an accuracy level of +/- 15 %. 


At this stage, vast amounts of information exchange is taking place between technology licensors and the 


FEED contractor to speed up various design decisions related to various technologies as well as OSBL 


facilities. The site specific conditions are also taken into account while handling these tasks. Since the 


characteristics of the site considerably affect the layout and design of construction works, it is also important 


for making necessary adjustments in various process facilities at FEED stage. The refinery layout is 


expected to be frozen by the end of FEED. 


1.3.3 Site Preparation Activities 


Due to harsh topographic conditions at site, the refinery layout is placed on 6 different levels with 
elevations ranging from 15 to 100 meters. The construction process is expected to be commenced after 
having the project site ready for erection. In order to hasten the execution process, STAR executed the the 
site preparation contract which will be later novated to the EPC Contractor. Such activities include but are not 
limited to a detailed soil investigation, dismantling of existing warehouses at site, earth movement, terracing, 
as well as the construction of retaining walls, soil slops and reinforced soil walls.  
 
1.3.4 Procurement of Long Lead Items (LLI) 


Long Lead Items (LLI) are critical proprietary equipment such as reactors, drums and columns, which can 
be manufactured by a limited number of vendors in relatively longer times due to intensive usage of 
specific material, production technology and know-how. The procurement activities of such items 
typically lay on the critical path of the project and any delay of those activities result in tardiness in 
project completion which would have significant negative impact on the profitability figures due to 
delayed cash inflows. In order to mitigate any risk of delay and to implement a fast-track project 
execution, STAR intends to initiate the procurement of LLI as soon as the required data sheets for the 
critical equipment are released by the Licensors and FEED contractor. 
As an amendment to the FEED contract, FWI will provide support services for the Procurement of LLIs 


starting from September 2010. 


1.3.5 Engineering, Procurement and Construction (EPC) 


This Project is of such a scale that 5 licensors are contracted for 10 different operating units. Likewise, the 


Project is too large financially In order to maintain control of such a wide spectrum of third party suppliers – 


STAR management has decided to appoint Fluor Consultants B.V as the Project Management Consultant 


(PMC) to oversee the entire Project from start to eventual start-up and commercial operation.  


The PMC created the Invitations to Bid (ITB) for the EPC package after consultation with STAR. The PMC 


will evaluate and rank all returning bids for STAR. The PMC will then be responsible for the oversight of the 


detailed engineering by the awarded EPC contractors, the procurement step (some of which may be done by 


STAR on behalf of the contractor), inspection of fabrication in both shop and field, construction of the 


facilities at the Aliağa site, commissioning of all new hardware and process units and finally Start-up and 


testing of the entire complex for compliance with warranties from the EPC contractor, the licensors, and 


equipment vendors. EPC contract for the Project shall be based on Front End Engineering Design (FEED) 


studies to be conducted by Foster Wheeler Italiana in conjunction with receipt of the basic engineering 


packages from the chosen licensors. The prime award will be with reputable international firms with 


adequate financial resources to complete the work and stand by any warranties associated with the contract. 


Sub-contracting with local suppliers in Turkey is expected and will be permitted however the prime contractor 
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retains responsibility for all aspects of the EPC work. Contract award shall be on a Lump Sum Turn Key 


(LSTK) basis in all cases.  


1.3.6 Commissioning and Start Up 


A period of six months is anticipated in total for commissioning of all refinery units. Activities such as 


preparation of list of defective and deficient works aimed at making the installed / mounted equipment in 


conformity with the final design documents, testing of instruments and rotating equipment etc. are also 


considered to be parts of the start-up stage. Following the completion of physical checks, the hydrocarbon 


products are fed into off-site facilities and process units and the initial production starts. The infrastructural 


systems and off-site facilities will be started up at an earlier date, under normal conditions, before 


mechanical completion of process units, and some of the process units shall be made ready for inspections 


and testing at an earlier date compared to others. On the other hand, limited intermediate product storage 


capabilities and other relations between the process units will force the project management to achieve final 


commissioning as soon as possible concerning to minimize the quantity of semi-finished products which 


should be sold or stored at the site in any event. 


1.4 Feedstock Supply 


1.4.1 Crude Oil Supply 


SOCAR as the main Sponsor of STAR will commit to the provision of 214,000 barrels per day of crude oil to 
the Refinery as a part of their Sponsorship. As owner of a captive supply of one million barrels per calendar 
day of crude known as Azeri Light, SOCAR will use its trading and swap capacities to insure that the other 
relevant and higher value-yielding crude sources (Urals, Kirkuk, - etc.) are available in adequate supply to 
STAR for the time frame indicated. The properties of the selected crude oil types are presented in Table 3. 


 


 


Table 3: Selected Crude Oil Properties 


Crude Oil API Sp. Gr Sulfur 


Azeri Lt. 34,6 0,8515 0,14 


Kirkuk 33,7 0,8560 2,16 


Urals 32,5 0,8625 1,32 


Medium gravity 30,7 0,8720 1,92 


These crude oils are generally described as medium gravity sour type crude oils. Prices for the crude oils are 


based on Brent index adjustments for the MED region with penalties for higher than normal metals and 


sulphur content. In general, these crude oils trade for 4-7 USD per barrel less than dated Brent. Azeri Light 


on the other hand trades at a premium of 2-3 USD per barrel higher than dated Brent because of its low level 


of contaminants and higher API gravity. Since Azeri Light is very popular crude with EU refineries, the swap 


contracts required to support the Project will be easily acquired. 


Azerbaijan’s proven crude oil reserves are estimated at 7 billion barrels in January 2009 by the Oil and Gas 


Journal. The country’s largest hydrocarbon basins are located offshore in the Caspian Sea, particularly the 


Azeri Chirag Guneshli (ACG) fields, which accounted for over 80 percent of Azerbaijan’s total oil output in 


2008. The Azerbaijan International Operating Company (AIOC) is a consortium of 10 petroleum companies 


that have signed extraction contracts with Azerbaijan. AIOC includes: British Petroleum (BP), Chevron, 


Devon Energy, Statoil Hydro, Turkiye Petrolleri, Amerada Hess, Exxon Mobil, Inpex, Itochu, and SOCAR. 
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AIOC has made significant direct investments in the development of the ACG fields, as well as the 


construction of the South Caucasus Pipeline (SCP) and the Baku-Tbilisi-Ceyhan (BTC) pipelines. BP is the 


largest foreign investor and has been involved in Azerbaijan since 1992. Oil production in Azerbaijan 


increased from 180,000 barrels per day (bbl/d) in 1997 to 875,000 bbl/d in 2008. Production climbed in late 


2005 and in 2006 following the start-up of the Azeri fields, amounting to about 207,000 bbl/d additional 


production in 2006 compared with 2005. In 2008 another 228,000 bbl/d leap in production followed the 


STAR-up of the Guneshli field, expected to produce 320,000 bbl per day at peak. While production has been 


increasing, domestic consumption has been generally decreasing from 203,000 bbl per day in 1992 to 


128,000 bbl per day in 2008. This has led to a significant increase in oil exports. 


1.4.2 Natural Gas Supply 


Turkish Petroleum Pipeline Corporation (BOTAS), Turkey’s state gas company, will  supply gas to STAR 


Refinery. SOCAR&TURCAS Petrokimya A.Ş. (a 100% owned subsidiary of SOCAR Turkey Enerji A.Ş.) is 


entitled to procure 1.2 bcm of natural gas from BOTAS based on a bilateral agreement executed between 


Azerbaijan and Turkey.  


 
 


 


Figure 4: Azerbaijan's Natural Gas Balance - Billion cubic feet (USEIA) 
 


1.5 Operation & Maintenance Management  


STAR Refinery will require some personnel at full operating rates. The estimated requirement for operations 


and maintenance personnel is shown below table.  


Table 4: Estimated Personnel 


Unit Estimated Personnel 


Process Units 245 


Auxiliary Units 98 


Utilities 15 


Off-site Units 70 


Areas, Buildings and Supporting Units 222 


Marine Terminal 50 


Total Refinery Personnel 700 


 


The Petkim organization consists of more than 1800 operations personnel in various skill and grade levels. 


The staffing of the refinery in the new location within the Petkim site will attract experienced personnel from 
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the petrochemical operation on the site and STAR believes a movement between the organizations would be 


beneficial to both entities. STAR intends to insure that several professionals of high talent capacity will be 


employed in the refinery when the facilities are completed and ready for operations. Further, Petkim already 


has in place a training program for new hires which is geared to education in process unit operations – it is 


natural to extend such a program to include refining operations as well as petrochemicals operations. 


Because of impending retirements in the Petkim staff over the next 5 years, it will be possible to engage 


more than 1000 new hires in this program before the refinery is ready for operations. In addition to Petkim 


personnel, TUPRAS operates a refinery adjacent to the Aliağa site and has a staff of almost 1100 people on 


the site. There is little question that some people from that location can be recruited to work in the new 


refinery. In addition, the Izmir region has several industrial facilities from which experienced mechanics, 


welders, millwrights, electricians and pipe fitters can be recruited for the maintenance staff. Recruiting of 


personnel will be focused on recent graduates of several technical institutes and universities which are 


located in the close proximity of the project site. Petkim has already experience in hiring more than 200 such 


employees for their training program and the number of graduates continues to grow yearly.  


1.6 SPV / Parent Company / Ultimate Shareholders 


1.6.1 SPV: STAR  RAFINERI A.S. (STAR) 


STAR Rafineri A.S. (STAR) (formerly known as SOCAR&TURCAS Rafineri A.Ş. was established on 


September 10, 2008 and is headquartered in Istanbul, Turkey. It is a privately held partnership between  


SOCAR Turkey Enerji A.S. (STEAS) (formerly known as SOCAR&TURCAS Enerji A.Ş.), holding a 81,49% 


stake and Turcas Rafineri Yatırımları A.Ş., holding a 18,5 % stake which aims to develop and execute a 


project for the investment of a brand new world class oil refinery to be located within the Petkim 


Petrochemicals Complex in Aliağa, on the Aegean Sea coast of Turkey.  


The planned investment, namely STAR Refinery, will provide raw material supply security for PETKİM and 


create synergy by sharing the infrastructure with PETKİM and processing the side streams produced on both 


sides, thus creating additional value through Refinery-Petrochemicals integration.  


The planned refinery configuration will have process technologies to convert lower value black products into 


higher value and environment-friendly white products, which will also have the same specifications with the 


European Union compliant products. The Refinery Project Director, Mr. Robert Storey, will be in charge of 


managing the project.  


STAR is governed by a Board of Directors comprised of representatives of the parents. The venture is 


managed by Mr. Kenan Yavuz as the Chief Executive Officer who at the same time is a Board Member of 


PETKİM.  


For more information, please visit http://www.socar.com.tr/Content/1/571/STAR-RAFINERI-AS-.aspx 


1.6.2 Parent Company: SOCAR TURKEY  ENERJI A.S. (STEAS) 


SOCAR Turkey Enerji A.S. (STEAS) (formerly known as SOCAR & TURCAS Enerji A.S.)  was formed on 


December 22, 2006 and is headquartered in Istanbul, Turkey. It is a privately held company, with SOCAR 


being the majority (%99,6) shareholder. STEAS aims to pursue new ventures in oil refining, petrochemicals 


investments and natural gas trading. 


STEAS aims to pursue new ventures in oil refining, petrochemicals investments and natural gas trading.  The 


main reason behind the shareholders’ effort to join their experiences and activities in the oil business under 


STEAS is the partners' common goal of creating the region's leading integrated Oil & Gas company. This will 


be accomplished through the planned oil refinery and existing and planned petrochemicals investments, 
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securing downstream integration and serving the nation's economy by transforming crude oil into higher 


value oil and petrochemicals products. Further investments can then be realized utilizing the created values 


within the organization. 


STEAS participated in the privatization of 51% of PETKİM's shares and was awarded the right to acquire the 


company by the Turkish Republic Privatization Administration (PA) as per the price proposed in July 2007. 


The “Share Sales Agreement” with respect to the sale of 51% of shares of PETKİM was signed between 


SOCAR & TURCAS Petrokimya A.S. (STPAS), 100% owned subsidiary of STEAS, as the buyer and the PA 


as the seller on May 30, 2008.   


For more information, please visit http://www.socar.com.tr  


1.6.3 Parent Company: Turcas Rafineri Yatırımları A.Ş. 


Turcas Rafineri Yatırımları A.Ş. was formed on December 28, 2011 and is headquartered in Istanbul, Turkey. 


It is a wholly-owned subsidiary of Turcas Petrol A.Ş. and established as an SPV to develop and execute the 


STAR Project.  


For more information, please visit http://www.turcas.com.tr/en/yazi.php?id=79 


1.6.4 Ultimate Shareholder 1: State Oil Company of Azerbaijan Republic (SOCAR) 


SOCAR is a state owned company headquartered in Baku, Azerbaijan which is engaged in the exploration, 


production, refining and sale of oil and gas with concessions on land and in the Caspian Sea in the country 


of Azerbaijan.  


SOCAR is one of the world’s oldest petroleum companies responsible for producing oil and natural gas in 


Azerbaijan, operating the country's two refineries, running the country's pipeline system, and managing the 


country's oil and natural gas imports and exports. SOCAR is party to all of the international consortia 


developing oil and gas projects in Azerbaijan.  


SOCAR is a shareholder and major supplier of the 50 million ton capacity Baku-Tbilisi-Ceyhan (BTC) crude 


oil pipeline and Baku-Tbilisi-Erzurum (BTE) natural gas pipeline exporting approximately 6 billion cubic 


meters of natural gas to Turkey.  


SOCAR is the major ultimate major shareholder of PETKIM, STEAS and STAR.  


President of SOCAR is Mr. Rövnag ABDULLAYEV who is at the same time the Chairman of the Boards of 


STEAS, STPAS and STAR. Head of Foreign Investments Division of SOCAR is Mr. Vagif ALIYEV who is at 


the same time Chairman Board of PETKIM and a Board Member of STEAS, STPAS and STAR.  


For more information, please visit http://www.socar.az 


1.6.5 Ultimate Shareholder 2: Turcas Petrol A.S. (TURCAS) 


Turcas Petrol A.S. (TURCAS), established in 1931, is an energy holding company today with its shares 


traded on the Istanbul Stock Exchange (ISE: TRCAS). Turcas’ vision is to become an “Integrated Energy 


Company” with activities in the fields of petroleum distribution, oil refining, petrochemicals production 


distribution- marketing, power generation-distribution-trading, and natural gas importation and wholesale. 


The flagship subsidiary of Turcas is Shell & Turcas Petrol A.S. (STAS). STAS, in which Turcas has a 30% 


shareholding, is the market leader in Turkey in gasoline, low-sulphur diesel, and lubricant sales with a 
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network of app. 1,300 nation-wide Shell branded fuel stations. Apart from fuel retail, Turcas is active in 


refining and petrochemicals through its subsidiary STAR. Turcas is also a shareholder of ATAS, Turkey’s 


first privately-owned oil refinery which started operations in 1962 now serving as a major Mediterranean oil 


products import and export terminal. Turcas has another joint venture with RWE AG of Germany, one of the 


world’s leading utility companies, to construct two large scale power plants in Turkey, first 800 MW CCGT 


already being under construction. Turcas is also active in renewable energy investments (through 100% 


ownership of Turcas Wind) and importation and trading of natural gas (through 100% ownership of Turcas 


Gas) in the liberalizing Turkish gas market.  


Chairman of TURCAS is Mr. Erdal AKSOY who at the same time is a Board Member of Shell & Turcas Petrol 


A.S. Chief Executive Officer of TURCAS is Mr. Batu AKSOY who at the same time is a Board Member of 


STAR.  


For more information, please visit http://www.turcas.com.tr 
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PURPOSE


The purpose of this monitoring report is to fulfill the obligation under the CTA Clause
16.15 requiring STAR to provide the Lenders with periodical information about
Environmental and Social Matters arising in relation to the Project Company (STAR)
and/or the STAR Refinery Project during financial half year ending in June 2015.


In particular it is required to provide information about the compliance with:


· Environmental and Social Standards


· Environmental and Social Laws


· Environmental and Social Action Plan


· Environmental and Social Monitoring Plans


This report is intended to be issued on a semi-annual basis during the construction phase
and on an annual basis during the operation phase of the Project.


APPLICATION


This document refers to the EPC and operation phase of the STAR Refinery Project (the
“Project”)


DEFINITIONS


PROJECT COMPANY: STAR Refinery A.Ş (“STAR”)


PMC CONTRACTOR: AMEC Foster Wheeler (“AMEC FW”)


EPC CONTRACTOR: Joint Venture between
TECNICAS REUNIDAS, SAIPEM,
GS E&C, ITOCHU (“JV”)


ENVIRONMENTAL CONSULTANT:  Golder Associates (“GA”)


LENDERS:


ECA Direct Lenders
· EXPORT DEVELOPMENT CANADA
· EXPORT-IMPORT BANK OF THE UNITED STATES
· JAPAN BANK FOR INTERNATIONAL COOPERATION


Commercial Lender
· T.GARANTİ BANKASI A.Ş.


CESCE Lenders
· Banco Popular Español, S.A.
· Banco Bilbao Vizcaya Argentaria S.A.
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· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.A.E.
· ING Bank, a Branch of ING-DiBa AG
· CaixaBank, S.A.
· Banco Santander, S.A.
· Société Générale


K-SURE Lenders
· BNP Paribas, Seoul Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank AG, Hong Kong Branch
· ING Bank, a Branch of ING-DiBa AG
· The Korea Development Bank
· KfW IPEX-Bank GmbH
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


NEXI Lenders
· BNP Paribas, Tokyo Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank, Tokyo


Branch
· ING Bank N.V., Tokyo Branch


SACE Lenders
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.p.A
· Intesa Sanpaolo S.p.A., Dubai Branch
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


LENDERS’ ADVISOR: D’Appolonia (“DA”),
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ACRONYMS


AP Action Plan
Project STAR Refinery Project
BAP Biodiversity Action Plan
BAT Best Available Technology
EBRD European Bank for Reconstruction and Development
EHS Environmental, Health, and Safety
ERP Emergency Response Plan
ES Environmental and Social
ESAP Environmental and Social Action Plan
ESHS Environmental, Social, Health and Safety
ESIA Environmental and Social Impact Assessment
ESMP Environmental and Social Management Plan
ESMS Environmental and Social Management System
EU European Union
GHG Greenhouse Gas
GUIDELINES Company management plans, which are listed in the ESAP and to be


provided to Contractors to explain how they have to develop their
Management plans in line with the requirements


HS Health and Safety
IFC International Finance Corporation
OHS Occupational Health and Safety
PR Performance Requirement
PS Performance Standard
QRA Quantitative Risk Analysis
SEP Stakeholder Engagement Plan
SOCAR State Oil Company of Azerbaijan Republic
STAR SOCAR Turkey Aegean Refinery
WWTP Waste Water Treatment Plant
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1.0 INTRODUCTION


1.1 Context


STAR Rafineri A.S. (hereinafter referred to as “STAR”) is the developer, owner and
operator for a greenfield complex crude oil refinery (hereinafter referred to as the “STAR
Refinery”) in Izmir region within the framework of STAR Refinery Project (hereinafter
referred to as the “Project”).


STAR requested support from the Lenders for financing the Project and identified
potential environmental and social impacts of the initiative within scope of an
Environmental and Social Impact Assessment study (“ESIA”) which has been disclosed
to the Lenders.


The Lenders requested STAR to carry out several actions and to comply with dedicated
clauses in order to assure the financial closure of the Project. A dedicated Environmental
and Social Action Plan (ESAP) has been prepared by Lenders with the support of
D’Appolonia (DA, acting as Lenders’ Environmental & Social Consultant) to achieve full
compliance of the Project in accordance with the applicable requirements (Turkish
regulation and IFC ESHS policies and standards).


The Lenders requests have been summarized in a list of 26 items which contains
reporting Item ID, Item description and Lenders’ specific requests for each item. STAR
agreed with Lenders in provision of implementation deadlines and progress indicators for
each of the ESAP Items.


The ESAP Items are detailed in the following Table:


ESAP
Item Description


1 Supplements to the ESIA packages
2 Occupational Health and Safety analyses
3 Process safety
4 Quantitative Risk assessment (QRA)
5 Environmental and Social Management System
6 Stakeholder Engagement Plan
7 Emergency Response Plan
8 Employment policy and procedures
9 Occupational Health and Safety procedures
10 Supply Chain Management Plan
11 Resource Efficiency Management Plan
12 GHG Management Plan
13a Air emissions - Prevention and Control into the Refinery fences
13b Air Quality Monitoring program
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14 Sea water and monitoring groundwater plan
15 Waste water management
16 Soil and Contaminated land management
17a Noise Prevention and Control - Source emissions
17b Noise Prevention and Control
18 Fugitive Particulate Matter
19a Waste management
19b Hazardous materials management
20 Workers and Community Health management plans
21 Traffic management plan
22 Security Management plan
23 Biodiversity Action Plan
24 Terrestrial Flora and Fauna Management Plan
25 Invasive alien species prevention
26 Chance find procedure


Finally several Environmental and Social covenants to be fulfilled by the STAR Project
have been included in the Common Terms Agreement between STAR and the Lenders
referring to:


- Environmental and Social Incidents;


- Environmental and Social Monitoring Reports;


- Site Visits/Cooperation;


- Environmental and Social Laws /Environmental Licenses;


- Environmental Claims;


- Compliance;


- Environmental and Social Compliance.


1.2 Summary of previous monitoring reports


The relevant information regarding the previous six-month is included in the following
report:


- Environmental and Social Monitoring Report- Periodical report No. 2 -000-A-
OE-0090052 –Rev. 1 (Semester Ending: December 2014)
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1.3 Summary of the STAR REFINERY PROJECT progress


Site preparation activities at the refinery area have been performed since January 2012
and continued at Area-3 throughout the monitoring period. Main construction activities
was commenced at the Project site within January this year. Furthermore, piling activities
at Jetty -1 area was also initiated recently in June.


Construction of the first phase of Çayağzı camp facility installations for 2500 workers
was initiated in late 2014 and completed by mid-February 2015.


Site preparation and main construction works at the refinery area mainly consist of:


- Excavation  and Earth Filling Works


- Gabion Wall


- Soil Nailing Works


- Drainage Works


- Ground Improvement Works


- Concrete Works


- Steel Structure Erection


- Piling Works (Bored pile, driven pile)


- Foundation for Buildings


- Tank Foundation Works and Tank Erection


- Soil Nailing and Anchoring at Remedial Area


- Underground Piping


The following tables present the list of ongoing works according to their types and
completion ratios.
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Engineering 13,9 23,44 21,47 87,04 82,81


Procurement 39,4 28,68 20,55 35,07 26,70


Construction 46,7 13.05 4.85 22,92 14,49


OVERALL (EPC)  100.0 20.66 13.34 36,60 28,77


Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Preparation & General 20,17 35,77 16,56 84,09 64,38


Main Construction &
Pre-commissioning 78,83 7,41 1.906 7,56 1,91


Commissioning & Start-Up 1,00


OVERALL (Constr. + Pre-comm.
+ Commiss. & Start-Up) 100.0 13,06 4,84 22,92 14,49
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Prep. Novated 43,15 11,43 7,28 94,50 92,22


Remedial Works 37,21 48,58 23,68 69,69 43,23


Temporary Facilities 7,56 31,15 46,28 91,33 97,83


Site Prep. Extension 12,08 86,22 9,16 86,76 9,16


OVERALL (Construction
& Pre-comm.)  100.0 35,77 16,56 84,09 64,38
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CONSTRUCTION KEY QUANTITIES


Work Unit Total
Quantity


Monthly
Planned


Quantity to
Date


Monthly
Actual


Quantity to
Date


Monthly
Delta


Quantity


Cumulative
Planned


Quantity to
Date


Cumulative
Actual


Quantity to
Date


Cumulative
Delta


Quantity


Civil Works /Excavation &
backfill M3 1,321,147 110,652 59,486 -51,165 483,330 288,115 -195,215


Civil Works /Ground
improvement works M 125,908 11,436 7,703 -3,733 115,472 26,905 -88,567


Civil Works /Drainage M 77,712 7,469 -7,469 34,797 -34,797
Civil Works /Concrete cast
in situ  works M3 309,578 25,888 13,259 -12,629 111,891 54,933 -56,958


Civil Works
/Pref.reinf.concrete works M3 1,967 146 83 -63 739 174 -565


Civil Works /Concrete
paving and sidewalk M2 867,850


Civil Works /Fireproofing M2 221,975
Buildings / Str.Concr(Cast
in-situ Precast) M3 60,268 3,897 -3,897 16,137 -16,137


Buildings / Structural Steel
Works KG 3,129,533 116,560 -116,560 159,799 -159,799


Buildings /
ARCHITECTURAL
WORKS


M2 69,839


Buildings / HVAC
SYSTEM NR 39


Steel Structure KG 65,273,647 2,288,123 274,630 -2,013,493 3,931,832 274,630 -3,657,202
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CONSTRUCTION KEY QUANTITIES


Work Unit Total
Quantity


Monthly
Planned


Quantity to
Date


Monthly
Actual


Quantity to
Date


Monthly
Delta


Quantity


Cumulative
Planned


Quantity to
Date


Cumulative
Actual


Quantity to
Date


Cumulative
Delta


Quantity


Atmospheric tanks KG 31,166,323 4,625 -4,625 4,625 -4,625


Spheres KG 3,263,400
Marine Works Pile
driven/bored M 20,997 1,913 24 -1,888 2,588 24 -2,564


Marine Works Concrete
Deck jetty M3 32,215 1,453 -1,453 2,134 -2,134


Marine Works Reclamation M3 1,615,000 100,615 -100,615 376,380 -376,380


Marine Works Reclamation
Concrete works M3 56,800 3,043 -3,043 8,060 -8,060


Equipment Erection KG 74,145,874
Piping (fabrication,
erection) WDI 4,241,019 29,092 5,825 -23,267 39,036 6,053 -32,983


Painting M2 2,627,789 322 -322 322 -322


Insulation M2 312,742


Cable Works M 3,401,098 4 -4 4 -4


Instrument NR 36,552


Instrument cable M 3,536,430
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The actual status in relation to the operation of dumping sites is summarized in the following table:


STATUS OF DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume
(m3) Permit Status


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed


2 Areas 2 & 3 900.000 342.632 557.368 Yes


3 Güzelhisar D-1 1.104.731 1.104.731 0 Yes / Completed


4 Güzelhisar D-2 60.000 60.000 0 Yes / Completed


5 Industrial Zone 194.021 194.021 0 Yes / Completed


6 Caltılıdere 2.111.135 2.111.135 0 Yes / Completed


7 Dere Madencilik 4.000.000 877.124 3.122.876 Ongoing


8 Güzelhisar E 2.238.977 2.238.977 0 Yes / Completed


9 Çıtak-1 1.143.784 1.143.784 0 Yes / Completed


10 Çıtak-2 900.000 527.196 372.804 Ongoing


11 MKE 37.995 37.995 0 Yes


12 Terrace 13 1.300.000 1.139.027 160.973 Yes


13 Others 142.085 142.085 0 Yes


14 Old Forest  Area 1.000.000 876.245 123.755 Yes


Total (m3) 16.883.367 12.545.591 4.337.776
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Key Achievements of STAR Project for the first half of 2015 are given as below:


1. Electro Mechanical subcontracts awarded.


2. Demolishing of old Naphtha Tanks were completed.


3. Foundation works for Main Control Building, Main Substation, Fire


Brigade/Laboratory and administrative buildings started.


4. Delivery of the prefabricated steel structures on site and erection of


these at U100 started.


5. Piling works for soil strengthening were completed at U-100, U-190


and has been ongoing at WWTP.


6. Most of the concrete works for pipe rack foundations have started


and continuing.


7. Canteen and Çayağzı Camp facilities for workers were constructed


and have become operational.


8. Deliveries of first equipment to the site were initiated.


9. Access gate at terrace 13 were completed.


10. Underground piping installation has started and ongoing.


11. Offshore piling for jetties started at Jetty 1.


12. Agreement with the Contractor on 2nd page of Change Orders and


MAC has been reached.


13. 60% 3D review sessions were completed.


14. Project Risk assessment workshop was carried out and the Project


Risk Register were updated.
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2.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS


This section of the monitoring report presents the information that verifies compliance of the
Project with the applicable CTA Environmental and Social Covenants.


2.1 Environmental and Social Monitoring Report (CTA Clause 16.15)


This report represents the Environmental and Social Monitoring Report referred to in
CTA Clause 16.15 and it is issued on a six monthly basis. It presents a summary of the
Environmental and Social Monitoring activities carried out in the first half of financial
year 2015.


A. Monitoring methodology and information on compliance


STAR and the EPC Contractor have been developing a monitoring system for the
construction and operation phases of the Project to be implemented through
measurement activities and a comprehensive audit program.


Further to the aforementioned system, Environmental Impact Assessment (EIA)
monitoring activities are conducted in relation to the EIA consents of the Project.
These monitoring activities are performed according to Turkish Official Gaz. No.
27436, 18/12/2009 on quarterly or six monthly basis whichever applies and
reported with Monitoring and Control Forms as presented in Ek (Appendix)-4 of
the Regulation (hereafter referred as EIA Monitoring Reports). These monitoring
requirements are integrated into the STAR monitoring system.


EIA Monitoring Reports for the refinery have been recently prepared by the
licensed company PRD Consultancy and submitted to the MoEU at the end of
each monitoring period since November 2012. The reports provide details in
relation to site preparation of the Project. The EIA Monitoring Reports issued
within the current monitoring period are provided as Appendices 1,  2,  3 and 4
of this report.


B. Measures taken to remedy non-compliance


Within the reporting period, there had been no non-compliance that was
identified with corrective measures to remedy.


C. Governmental Consents and Governmental Entities


Governmental Consents in relation to the Environmental and Social Issues for the
Project are:


· EIA Consent for STAR Aegean Refinery Project – 08.12.2009
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· EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1
and 2)


· EIA Consent for jetty and filing project – 14.02.2014 (including Jetty No. 3
and 4). Though the consent for Jetty No. 4 has been granted, jetty No. 4 is
not to be built as per the latest design and capacity calculations.


· EIA Consent for Refinery revision and additional storage tank project –
18.07.2014. The content of this EIA Consent is in line with the latest version
of ESIA.


D. Health and Safety management


STAR is provided monthly HSE statistics by the EPC Contractor that
demonstrates performance of the ESHS Management System. The statistics also
contain information from the subcontractors.


Following cumulative figures have been recorded alone for STAR and the EPC
Contractor within first half of the year.


HSE STATISTICS FIRST HALF
(from January to June 2015)


STAR
Cumulative
First Half of


2015


EPC
Cumulative
First Half of


2015


# HSE Parameters


HSE01 N° of Employees 0 NA
HSE02 Man-hours Worked (A) 0 7.360.283
HSE03 Man-hours Without LTI 0 911.231


HSE04 Man-hours Without LTI (Project-from last
LTI**) 0 511.240


HSE05 N° of Fatal Incidents 1 1
HSE06 N° of Fatalities 0 1
HSE07 N° of Lost Time Injuries (LTIs) (B) 0 6
HSE08 N° of Lost Work Days 0 380
HSE09 N° of Restricted Work Day Case (RWDC) 241.227 11
HSE10 N° of Medical Treatment Case (MTC) 0 13
HSE11 N° of Property Damage Incidents 1 94
HSE12 N° of Road Traffic Accidents (RTA) 0 86
HSE13 N° of First Aid Case 0 29
HSE14 N° of Near Misses 0 93
HSE15 N° of Environmental Incidents 0 6







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE   Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 –
JUNE 2015)


Page 19 of 98


E. Environmental and Social laws changes


The following ESHS regulation has been issued in the period of January - June
2015:


TITLE OFF. GAZ.,
DATE


Communique on Security Report to be Prepared in relation
to Major Industrial Accidents


29296, 24/01/2015


Communique on Revision of  Workplace Hazard
Classification in relation to Occupational Health and Safety
Communique on Continuous Monitoring System


292272, 19/02/2015


 29303, 22/03/2015


HSE STATISTICS FIRST HALF
(from January to June 2015)


STAR
Cumulative
First Half of


2015


EPC
Cumulative
First Half of


2015


HSE16 N° of Total Recordable Incidents ( C ) 2 31
HSE17 Total Number of Incidents 340
HSE18 Hazardous Waste (ton) 87.792 1,76
HSE19 Medical Waste (kg) 87.792 0
HSE20 Domestic Waste (ton) 153 202,687
HSE21 Iron and Steel Waste (ton) 4625,45
HSE22 Recyclable Waste (kg) 0 54638,2
HSE23 Excavation and Demolition Waste (Ton) 0 3,11
HSE24 KM Driven 0 6478609
HSE25 N° of HSE Inspections 0 920
HSE26 N° of Safety Observation Cards 0 325
HSE27 N° of Unsafe Conditions/Behaviors 0 4178


HSE28 Total number of Near misses/Unsafe
Conditions/Behaviors 27 4550


HSE29 N° of HSE Audits 0 20
HSE30 N° of Emergency Drills 0 25
HSE31 HSE Training Man-hours 13 45778,3


HSE32 HSE Training Man-hours per 200,000
man-hours 0 1.244


HSE33 Fatal Accident Rate (FAR) 0,027
HSE34 Lost Time Injury Frequency (LTIF) (D) 258 0,163
HSE35 Severity of Lost Work Day Cases 42 10,326
HSE36 Total Recordable Incident Rate (TRIR) ( E ) 638 0,842
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The above regulations will be taken into account and referred in the ESHS
Management System documents which are under development if any applicable.


F. Non-confidential Information provided to shareholders


Not applicable.


2.2 Environmental and Social Incidents (CTA Clause 16.14)


No environmental and social incidents reported in the first half of 2015.


2.3 Site Visits – Co-operation (CTA Clause 16.16)


No specific progress to report.


2.4 Compliance (CTA Clause 19.3(b))


An ESIA study and an ESAP have been prepared in terms of compliance with the
applicable national and international legislation and requirements.


The Project operates in accordance with the defined environmental and social
requirements.


2.5 Environmental and social compliance (CTA Clause 19.9)


Responsive actions have been taken under the Project in order to be in compliance with
the requirements listed under:


· Local Legislation mainly stipulated by the EIA Consents and license;


· National Environmental and Social regulation;


· International Requirements stipulated by the ESIA and the ESAP (i.e. with
IFC EHS Performance Standards and Guidelines);


The Project has been performing reporting and monitoring activities as per the EIA
consent as below;


· EIA Monitoring Report (App. 4/EK 4) has been prepared on a quarterly basis
since November 2012 and submitted to the Ministry of Environment and
Urbanization.
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3.0 ESAP WORK PROGRESS


The objectives of the present section are:


- To update Lenders on the status of STAR activities to achieve the goals and objectives set
out in the ESAP;


- To provide highlights of the work performed by STAR during the considered six month or
one year period, whichever is applicable;


- To recognize notable accomplishments of the ESAP milestones and /or point out possible
inconsistencies with the ESAP timing activities.


The part of documentation  including ESIA supplements, ESHS policies, ESMS Strategy, ESMPs
and procedures has been completed and already submitted to the Lender’s advisor in August 2014
and has been approved.


The implementation of Plans and Procedures has taken a start following document issuing.


The documentation that is required to be developed with a different schedule (e.g. prior to the
start of operations) will be developed and implemented within the deadlines indicated in the
ESAP.


The documentation that have been already issued and to be developed are detailed in the
following subsections, one for each item of the ESAP; deadlines for implementation are indicated
in brackets.
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3.1 Supplements to the
ESIA packages
(Item 1)


Documentation that are approved and issued within the end of
August 2014:


- Document presenting associated facilities and related ES
impacts


- Dumping site management and reinstatement plan
- Assessment of risks and impacts associated with primary supply


chains (see also Item 10)
- Supply chain management Plan (see also Item 10)
- Revised GHG emission report (see also Item 12)


The following Documentation has been issued in final version by
STAR as a result of the work of Golder/International SOS within
January 2015 December 2014:


- Public Health Impact Assessment HIA (see also Item 20):
- Scoping


The following documentation to be developed (deadline is indicated
in brackets):


- Public Health Impact Assessment HIA (see also Item 20)
- Baseline - [Mar. 2016]
- Impact assessment [Sep. 2017]


- Ambient Air Quality monitoring system progress indicators
(see item ID 13b) [prior to Start of Operations]


3.2 Occupational Health
and Safety analyses
(Item 2)


The documentation to be developed (deadline is indicated in
brackets):


- Job hazard analysis [July 2017]
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3.3 Process safety
(Item 3)


Qualitative HAZOP study has been concluded by a joint team EPC
Contractor STAR. The following documentation is currently (end
2014) being developed (ESAP estimated deadline is indicated in
brackets):


- Quantitative hazard operability (HAZOP) study [Nov. 2014]


STAR specialized subcontractor (Golder/DEKRA) that is
developing the Quantitative HAZOP; DEKRA has already joined
the STAR/EPC Contractor HAZOP team at the beginning of June
2014 during qualitative HAZOP study for coordination purposes.
The above document has been drafted and circulated to STAR in
July 2015.
The quantitative HAZOP is being built on the outcomes of the
qualitative HAZOP developed by a joint team EPC Contractor /
STAR. Documentation of the concluded qualitative HAZOP
study has been made available to Golder/DEKRA by November
21st. This resulted in a 3 months delay with respect to the ESAP
estimated deadline. Golder submitted first draft of Quantitative
HAZOP Report in June. Additional 11 scenarios have been also
studied as required by STAR. Due to non-completion of  vendor
packages from EPC Contractor by the time of draft submission,
delays in completion of the study have occurred.


3.4 QRA (Item 4) The documentation to be developed (deadline is indicated in
brackets):


- Hazard QRA study [Apr. 2016]
- Oil spill dispersion modeling study [Apr. 2016]
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3.5 Environmental and
Social Management
System (Item 5)


Documentation that is approved and issued within the end of
August 2014:


- ESMS Manual according to ISO14001 and OHSAS 18001
- ESMS policies
- the ESMPs (further described in following sections)
- other procedures such as Training/Awareness and Audit/Non-


conformities,
that contains and constitutes:
- the development strategy for ESMS preparation including


submission of an organogram related to STAR and
contractor organization


- the STAR ESMS – EPC phase
- Guidelines for defining an ESMS appropriate to the nature


and scale of the Project –EPC phase


Other documentation to be developed (deadline is indicated in
brackets):


- Yearly external report on EPC phase [from Jun. 2016]
- Guidelines for defining an ESMS appropriate to the nature and


scale of the Project -Operation phase [Oct. 2017]
- STAR ESMS - Operation phase [Jul. 2017]
- Yearly external report [from Jun. 2019]


3.6 Stakeholder
Engagement Plan
(Item 6)


Documentation that is  approved and issued within the end of
August 2014:


- Grievance mechanism
- Revised version of the SEP for the construction phase


Other documentation to be developed (deadline is indicated in
brackets):


- Updated SEP for operation phase [Jul. 2017]
- Submission of records of consultation activities and grievances


[on Lenders request from now]
- Preparation and distribution of communication material for


feedback to affected communities [quarterly for Constr.]
- Preparation and distribution of communication material for


feedback to affected communities [annually for Operation]
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3.7 Emergency Response
Plan (Item 7)


The documentation to be developed (deadline is indicated in
brackets):


- Emergency Response Plan [Jul. 2017]


3.8 Labour and Working
conditions plans and
procedures (Item 8)


Documentation that is  approved and issued within the end of
August 2014:


- Employment plan - Construction phase including Guidelines for
EPC Contractors


- Local workforce recruitment plan


Other documentation to be developed (deadline is indicated in
brackets):


- Employment plan - Operation phase [Oct. 2016]


3.9 Occupational Health
and Safety procedures
(Item 9)


Documentation that is  approved and issued within the end of
August 2014:


- OHS Plan, including Guidelines for EPC Contractors for
developing OHS Procedures able to implement the requirements
of IFC EHS Guidelines. EPC contractor has already developed
OHS procedures that were submitted to STAR


- Risk assessment procedure
- Job Hazard Analysis procedure


Other documentation to be developed (deadline is indicated in
brackets):


- OHS procedures - Operation phase [Jan. 2017]


3.10 Supply Chain
Management Plan
(Item 10)


Documentation that is  approved and issued within the end of
August 2014:


- Primary Supply Chain Management Plan, including Guidelines
for EPC Contractor
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3.11 Resource Efficiency
Management Plan
(Item 11)


Documentation that is  approved and issued within the end of
August 2014:


- Resource efficiency management plan - construction phase
including Guidelines to the EPC contractors


The following documentation is currently (end of 2014) being
developed (ESAP estimated deadline is indicated in brackets):


- IPPC/BREF compliance deviation report [Dec. 2014]


The new “BREF on the refining of mineral oil and gas” has been
made available (see http://eippcb.jrc.ec.europa.eu/reference/). The
EU Commission Decision 2014/738/EU “BATC on the refining of
mineral oil and gas (BAT “BREF”) has been published on October
28th 2014.
STAR/Golder has sent on November 24th 2014 a thorough request
of technical information to the EPC Contractor. This information
has been integrated into the BAT Deviation Report and submitted
for STAR’s review in June 2015 by Golder.  STAR has been
reviewing the report with the all involved discipline representatives
and aim to finalize for submission within this year.


Other documentation to be developed (deadline is indicated in
brackets):


- Resource efficiency management plan - operation phase [Jul.
2017]


3.12 GHG Management
Plan (Item 12)


The documentation to be developed (deadline is indicated in
brackets):


- GHG management Plan [Jul. 2017]
- Annual reports on GHG emissions [starting from Mar. 2019]
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3.13 Air emissions -
Prevention and Control
into the Refinery
fences (Item 13a)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Air Emission Monitoring Plans [Jul. 2017]


3.14 Air emissions - Air
Quality Monitoring
program (Item 13b)


Documentation that is approved and issued within the end of
December 2014:


- Ambient Air Quality Monitoring Plan[Jun. 2014 - May 2015]


The plan implementation will start in the first half of 2015.


The documentation to be developed (deadline is indicated in
brackets):


- Results of the Ambient Air Quality Monitoring campaigns
[Jul. 2015]


- Design of the permanent monitoring system and preparation of
procurement strategy [Sep. 2015]


- Procurement and installation of the permanent monitoring
system – progress of activities report [Oct. 2015 - Jun. 2016]


- Annual air quality monitoring report [from Jan. 2017]
3.15 Sea water and


monitoring
groundwater plan
(Item 14)


Documentation that is  approved and issued within the end of
August 2014:


- Sea Water Quality Monitoring Plan
- Groundwater Quality Monitoring Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Quarterly monitoring reports for Seawater [Mar. 2015]
- Quarterly monitoring reports for Groundwater [Mar. 2017]
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3.16 Waste water
management
(Item 15)


Documentation that is  approved and issued within the end of
August 2014:


- Wastewater management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Wastewater management plan - operation phase [Jul. 2017]


3.17 Soil and
Contaminated land
management (Item
16)


Documentation that is  approved and issued within the end of
August 2014:


- Soil management and reinstatement plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Soil management and reinstatement plan- operation phase
[Feb. 2017]


- Soil quality monitoring program [Mar. 2017]


3.18 Noise Prevention
and Control - Source
emissions (Item 17a)


Documentation that is  approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise prevention and management plan - operation phase
[Jun. 2017]
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3.19 Noise Prevention
and Control –
Immission into the
environment
(Item 17b)


Documentation that is approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise Monitoring Reports- Construction phase[from Mar. 2015]
- Noise Monitoring Plan - Operation phase [Jul. 2017]
- Noise Monitoring Reports- Operation phase [from Apr. 2018]


3.20 Fugitive Particulate
Matter (Item 18)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


3.21 Waste management
plan (Item 19a)


Documentation that is  approved and issued within the end of
August 2014:


- Waste management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Waste management plan - operation phase [Apr. 2017]
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3.22 Hazardous materials
management plan
(Item 19b)


Documentation that is  approved and issued within the end of
August 2014:


- Hazardous materials management plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Hazardous materials management plan - operation phase
[Sep. 2017]


3.23 Workers and
Community Health
management plans
(Item 20)


Documentation that is  approved and issued within the end of
August 2014:


- Communicable diseases Baseline Study
- Communicable diseases Workers Health Management Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Community Health Management Plan [Jul. 2017]
- Workers Health Management Plan [Jul. 2017]


3.24 Traffic management
plan (Item 21)


Documentation that is approved and issued within the end of
August 2014:


- Traffic Management Plan


3.25  Security
Management plan
(Item 22)


Documentation that is  approved and issued within the end of
August 2014:


- Security management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Security management plan - operation phase [Jul. 2017]
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3.26 Biodiversity Action
Plan (Item 23)


Documentation that is  approved and issued within the end of
August 2014


- Marine biodiversity management plan, including monitoring
measures and considering the construction of Jetty 1,2 and 3


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures


3.27 Terrestrial Flora and
Fauna Management
Plan (Item 24)


Documentation that is  approved and issued within the end of
August 2014:


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures and including information obtained from
terrestrial filed survey conducted in May 2014 by Golder with
particular reference to Dumping Sites locations


3.28 Invasive alien
species prevention
(Item 25)


Documentation that is  approved and issued within the end of
August 2014:


- Invasive Alien Species Management Plan Management Plan,
including monitoring measures


3.29 Chance find
procedure (Item 26)


Documentation that is  approved and issued within the end of
August 2014:


- Chance find procedure
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3.30 ESAP work progress summary table


ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


1


Supplements to the ESIA packages:
- Associated facilities


description, risks/impacts
- supply chain risks/impacts
- GHG emission report
- public health impact


assessment
A systematic air quality monitoring
campaign (see item ID 13b for
detail)


1. Document presenting associated facilities and related
ES impacts


2. Dumping site management and reinstatement plan


3. Assessment of risks and impacts associated with
primary supply chains (see also item ID 10)


4. See item ID 10 for detail


5. Revised GHG emission report (see also item ID 12)


6. Public Health Impact Assessment: Scoping, Baseline
and Impact assessment (see also item ID 20)


7. Ambient Air Quality monitoring system progress
indicators (see item ID 13b)


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of construction (see item ID 10 for
detail)


5. Prior to the start of construction (Jun-2014)


6. Prior to the start of operations (scoping 01/2015;
beginning of the study if authorized 07/2015;
baseline 03/2016; impact assessment 09/2017)


7. Prior to the start of operations (see item ID 13b)


Points 1, 2, 3, 4, 5:
Completed
Point 6:
- HIA Scoping:  90%
- Baseline: 0%
- HIA 0%


Point 7: (see item ID
13b)


-


2 Occupational Health and Safety
analyses


Job hazard analysis (JHA) for each position aimed at
drafting OHS procedures


Prior to the start of operations (07/2017) Not started -


3 Process safety


Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014) Qualitative HAZOP:
Completed
Qualitative HAZOP: 50
%


3


4 QRA


1. Hazard QRA study


2. Oil spill dispersion modelling study


1. Prior to the start of operations (04/2016)


2. Prior to the start of operations (04/2016)


Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


5 Environmental and Social
Management System


1. Development strategy for ESMS preparation including
submission of an organogram related to STAR and
contractor organization


2. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –EPC phase


3. STAR ESMS, – EPC phase


4. Yearly external report


5. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –Operation phase


6. STAR ESMS– Operation phase


7. Yearly external report


1. Prior to the start of construction (mid-May 2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Yearly from 06/2016 referring to 2015


5. Prior to the start of operations (10/2017)


6. Prior to the start of operations (07/2017)


7. Yearly from 06/2019 referring to 2018


Points 1, 2: Completed
Point 3: Completed
Points 4, 5, 6, 7: Not
started


-


6 Stakeholder Engagement Plan


1. Submission of grievance mechanism


2. Submission of revised version of the SEP for the
construction phase, including the grievance
mechanism


3. Updated SEP for operation phase


4. Submission of records of consultation activities and
grievances


5. Preparation and distribution of communication
material for feedback to affected communities


1. Prior to construction (mid-May 2014)


2. Prior to start of the construction (Jun-2014)


3. Prior to operation (07/2017)


4. on Lenders request from now


5. Quarterly during construction (starting from revision
of the SEP); annually during operation


Point 1: Completed
Points 2, 4: Completed
Points 3, 5: Not started


-


7 Emergency Response Plan Emergency Response Plan Prior to the start of operations (07/2017) Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


8 Employment policy and procedures


1. Guidelines for EPC Contractors – Construction phase


2. Local workforce recruitment plan


3. Employment plan – Construction phase


4. Employment plan – Operation phase


1. Prior to the start of constructions (mid-May 2014)


2. Prior to the start of constructions (Jun-2014)


3. Prior to the start of constructions (Jun-2014)


4. Prior to the start of operations (10/2016)


Points 1, 2, 3:
Completed
Point 4: Not started


-


9 Occupational Health and Safety
procedures


1. OHS procedures- construction phase


2. OHS procedures – operation phase


See AP Item ID n° 2 for the JHA analysis


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operations (01/2017)


Point 1: Completed
Point 2: Not started


-


10 Supply Chain Management Plan Supply Chain Management Plan Prior to the start of construction (Jun-2014) Completed -


11 Resource Efficiency Management
Plan


1. Guidelines to the EPC contractors


2. IPPC/BREF compliance deviation report


3. Resource efficiency management plan – construction
phase


4. Resource efficiency management plan – Op. phase


1. Prior to the start of construction (mid-May 2014)


2. (12/2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of operations (07/2017)


Points 1, 3: Completed
Point 2: 40%
Point 4: Not started


-
-
2
-


12 GHG Management Plan


1. GHG management Plan


2. Annual reports on GHG emissions


1. Prior to the start of operations (07/2017)


2. Annually from the start of operation (first report at
Q1 2019 referring to 2018)


Not started -


13a Air emissions - Prevention and
Control into the Refinery fences


1. Guidelines to the EPC contractors


2. Air Emission Monitoring Plans


1. During design (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


13b Air emissions - Air Quality
Monitoring program


a) Ambient Air Quality Monitoring Plans


b) Results of the Ambient Air Quality Monitoring
campaigns


c) Design of the permanent monitoring system and
preparation of procurement strategy


d) Procurement and installation of the permanent
monitoring system – progress of activities report


e) Annual air quality monitoring report


a) Jun-2014 – 05/2015


b) 07/2015


c) 09/2015


d) 10/2015 - 06/2016


e) Yearly from 01/2017


Point 3a):  completed
Points 3b), 3c), 3d), 3e):
Not started


-


14 Sea water and monitoring
groundwater plan


1. Sea Water Quality Monitoring Plan


2. Groundwater Quality Monitoring Plan


3. Quarterly monitoring reports


1. Prior to the start of jetties construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Quarterly from 03/2015 (for sea water) and
Quarterly from 03/2017 (for groundwater)


Points 1, 2: Completed
Point 3: Not started


-


15 Waste water management


1. Guidelines to the EPC contractors


2. Wastewater management plan – Construction phase


3. Wastewater management plan – Operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (07/2017)


Points 1, 2: Completed
Point 3: Not started


-


16 Soil and Contaminated land
management


1. Guidelines to the EPC contractors


2. Soil management plan- Construction phase


3. Soil management and reinstatement plan – Op. phase


4. Soil quality monitoring program


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (02/2017)


4. Prior to the start of operation (03/2017)


Points 1, 2: Completed
Points 3, 4: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


17a Noise Prevention and Control -
Source emissions


1. Noise Prevention and Management Plan –
Construction phase


2. Noise Prevention and Management Plan – Operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operation (06/2017)


Point 1: Completed
Point 2: Not started


-


17b Noise Prevention and Control –
Emission


1. Noise Monitoring Plan – Construction phase


2. Noise Monitoring Reports- Construction phase


3. Noise Monitoring Plan – Operation phase


4. Noise Monitoring Reports- Operation phase


1. Prior to the start of construction (Jun-2014)


2. Every two years from 03/2015


3. Prior to the start of operation (07/2017)


4. Every two years from 04/2018


Point 1: Completed
Points 2, 3, 4: Not
started


-


18 Fugitive Particulate Matter


1. Guidelines to the EPC contractors


2. Dust and Other Emissions Prevention and
Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Points 1, 2: Completed -


19a Waste management


1. Guidelines to the EPC contractors


2. Waste management plan – construction phase


3. Waste management plan – operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (04/2017)


Points 1, 2: Completed
Point 3: Not started


-


19b Plans to manage hazardous
materials


1. Guidelines to the EPC Contractors


2. Hazardous materials management plan - construction
phase


3. Hazardous materials management plan - operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (09/2017)


Points 1, 2:Completed
Point 3: Not started


-


20 Workers and Community Health
management plans


1. Preliminary baseline of transmittable diseases (1)
Workers Health Management Plan for Construction (1)


2. Community Health Management Plan (2)


Workers Health Management Plan (2)


1. Prior to start of the construction (Jun-2014)


2. Prior to start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Completed -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


22 Security Management plan


1. Security Management Plan – Construction phase


2. Security Management Plan – Operation phase


1. Prior to the start of the construction (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Completed -


24 Terrestrial Flora and Fauna
Management Plan


1. Report on the terrestrial field surveys


2. Terrestrial Flora and Fauna Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Completed -


25 Invasive alien species prevention Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-2014) Completed -


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014) Completed -
 (*) Date defined for issuing the first revision of the plan/procedure/report expected
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4.0 COMPLIANCE WITH ESMPS


The objectives of the present section are:


- To update Lenders on the status of activities to achieve the implementation
of the ESMPs;


- To provide highlights of the work performed during the considered six month
whichever is applicable;


- To recognize notable accomplishments in implementation of plans and /or to
point out possible inconsistencies with the ESMPs and timing of activities.


The implementation of Plans and Procedures have started following their
issuance in August 2014 for those applicable documents which are associated
with ongoing site-preparation and construction activities of the project. The Plans
and Procedures to be implemented are detailed in the following subsections, one
for each Plan/Procedure is required by the ESAP; ID for each relevant ESAP
Item is indicated with brackets in the subtitle.


In order to ensure diligent implementation of the ESAP throughout the project
and establishment of ESMS, following organizational charts with dedicated HSE
responsibilities have been adopted by STAR and the Contractor management
respectively.


STAR has reformed its HSE organization in May 2015. The new organization
introduces four disciplines consisting of Construction HSE, Environment,
Process Safety and Community Relations (& Corporate Communication). The
new structure aims at ensuring specialization of the teams on selected focus areas
and assigns short and mid-term objectives to each discipline head per
construction and operation phases. Mr.Koray Koyuncu who has been working as
Corporate HSE Director of SOCAR Company since April was also designated as
STAR HSE Director following resignation of the previous STAR HSE Director
Mr.Barış Yüce  as  of  15th of May. The new director becomes present both in
Aliağa and İstanbul offices of STAR throughout week to ensure close follow up
of STAR HSE agenda and integration of HSE policies and HSE teams of STAR
with HSE teams from other companies of SOCAR including PETKİM and
PETLİM. Ms.Bahar Güçlüsoy was assigned as Environmental Manager of the
project who will pursue with managing environment portfolio of the project both
for construction and engineering design phases. One of the HSE technicians
Mr.Tarık Tuncay has been dedicatedly working in the field of environment and
reporting to the Environmental Manager since June. Furthermore, a new position
for Environmental Coordinator has been opened for recruitment by the last
quarter of 2015. Ms.Işıl Depe has been designated with a dedicated role as
Process Safety Engineer and responsible in design phase activities from the
safety perspective since June. A few Construction HSE Engineer positions for
various fields of safety have been also planned to be filled in a year time.
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STAR HSE-S
       Organization Chart
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Contractor’s HSE team has been re-organized and enlarged since February.  A
new HSE director Mr.Ian Patterson was assigned and mobilized on site in April
together with a HSE training coordinator Mr.Acar Aziz Vural. A dedicated
environment team was established where a field environmental coordinator
together with a deputy coordinator also started working in March. Two
environmental supervisors became part of the team in the following months, who
has been mostly engaged with field inspections and implementations. An
environmental officer was also assigned recently who is responsible for
compilation and management of environmental and ESIA specific data, statistics
and documentation of the project. Recruitment of one more environmental
supervisor who will be solely in charge of waste management activities has been
planned for September this year.


In terms of addressing community relations requirements of the Project, a CRO
was also designated in March under the Contractor’s team. Two CRO assistants
were recently recruited and started working under the CRO’s team.
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Contractor’s HSE Organization Chart
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Environmental Organization
Chart by Contractor


Social Organization Chart by
Contractor
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4.1 Dumping site
management
and
reinstatement
plan (Item 1)


Issued in August 2014.


Following dumping activities and responsive measures were applied within
the monitoring period:


§ Materials removed from Area-3 of the Project Site have been
stored in a new dumping area located at Petkim Forest land (the
section which previously had a forest fire) is adjacent to the site
on the north and hence, has direct accessibility through an
internal road. In comparison with alternative dumping sites
outside of Aliağa peninsula,  the selected location enables
diligent management in particular by avoiding potential dust and
noise exposure as well as traffic load and disturbance to public
and external environmental receptors.  In total, 876,245 m3


materials were dumped in the area until the end of June.


§ 2 mobile moisturizing trucks have been dedicatedly serving on
daily basis to control dust that rises due to material transportation
activities alongside the dumping site access road.


§ Speed limit has been applied by Contractor to reduce both noise
and dust which was monitored by GPS system installed on entire
trucks. A flagman has been in charge of ensuring traffic
management and safety in particular during truck maneuvers at
hill sides.


§ Maintenance of the trucks serving for transportation of dumping
materials have continued at third party workshops located outside
of the Project site as a precautionary approach  to avoid  spillage,
contaminations at uncontrolled areas.


§ The previously removed top soil from the project site was
continued to be stored in-situ for prospective reinstatement
activities and maintained properly in a uniformed way while kept
separate from other materials and away from ongoing operations
to avoid any disturbance.


§ A laydown area at Terrace-13 was re-arranged where the sub-soil
dumped in the earlier periods was lowered and contoured
according to the adjacent topography.


Reinstatement Activities


§ Reinstatement activities in Güzelhisar E2 could not be initiated
due to delays in mobilization of Sub-Contractor Yenigün’s team
during the convenient season. However, initiation of activities
has been scheduled for late September this year.
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4.2 Training
Procedure
(Item 5)


Activities by STAR


Awareness raisings, trainings completed in the field of ESIA within the
monitoring period by STAR are as follows:


As per the requirements for legal OHS compliance and professional
developments amongst employees, the following trainings were provided
until today under coordination of STAR Human Resources Training
Division.


Training / Employee
Category Training Hours


Total
Training


Hours
White Collar Blue Collar Total


HSE Development 632 800 1432
Professional
Development 580 184 764


Orientation 119 120 239
Technical Development 454 1010 1464
Grand Total 3899


Activity
Type


Topic Date /
Duration


Presenter/
Trainer


Participants
Profile /
Number


Awareness
Raising and
Coordination


Environmental
and Social
Management
System for
Employees


12.01.2015/
1 hour


STAR Eng.
HSE Team


Construction
managers of
STAR /
12


Awareness
Raising


ESMS and
ESAP for top
managers


15.01.2015 /
2 hours


Golder
Associates


STAR top
level
management /
18


Awareness
Raising


Introduction to
ESIA


2 hours Environmental
Lead Engineer


Construction
HSE team/
16


Theoretical
and Hands-on
Training


Observation
Techniques of
Mega Marine
Fauna
including
Cetaceans


2 hours 3 Experts from
Dokuz Eylül
University
The Institute
of Marine
Sciences and
Technology


HSE
Representative
s of Contractor
and Sub-
Contractors
and STAR
HSE
technicians/
20
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Training
Procedure
(Item 5)


Activities by Contractor


§ Sub-Contractor Bir İzmir which is a specialized 3rd party service
provider on OHS became operational as of 1st of  May  with  full
dedication on HSE training services. A training hall having two
training rooms with capacities for 88 attendees for each have
been serving for the primary training needs of the Project, which
are fully equipped with projector, speakers and visualization
equipment.  A demonstrative platform for scaffolding training has
been also available for the mentioned trainings at a location
across the training hall. The training packages and schedules
were determined in consultation with STAR HSE and
periodically being reviewed for potential improvements.


Photos: Views from the Demonstrative Scaffolding Platform and
the Training Room
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Training
Procedure
(Item 5)


§ Each employee receives HSE induction prior to start of their work
on site and are being provided with a Safety Passport where all
training records updated on log book sections of those.


§ Workers receiving thematic trainings (e.g. First Aid, Confined
Space) have been also provided associated stickers for their safety
helmets to demonstrate their qualifications on site where these
trainings are pre-conditional at certain working areas.


 Figure. Thematic Stickers for Safety Helmets


§ The trainings delivered by TSGI MI with support of Bir İzmir
Company between 6th of May and the end of June are as follows:


Table: Training Statistics (May and June)


 Topic Training
Hours


Number of
Attendees Total  Training Hours


 HSE Site Induction 2 2594  5188
 Banksman 2 29 58
 Confined Space 2 10 20
 First Aid 16 14 224


 Marine Works 2 27 54


 PTW + JSA 2 160 320


 Safe Driving 2 178 356


 Safety for SV 2 25 50
 Spill Prevention 2 66 132
 Work at Height 2 43 86
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Training
Procedure
(Item 5)


§ Brief site inductions are also provided to each visitor accessing to the
project site.   Site Induction & Instructions Card is also provided for
each visitor.


Figure. Site Induction Card


Planned Activities


§ HSE Induction and safe driving trainings both at morning and
afternoons will continue to be delivered on daily basis throughout
the weekdays.


§ The following training modules were scheduled to be delivered
for the second half of 2015:


- Marine Works


- Work at Height


- Waste Management and Spill Prevention


- Permit to Work (JSA)


- Gas Safety Awareness


- Confined Space


- Legal Compliance on OHS
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4.3 Stakeholder
Engagement
Plan (Item 6)


The update of the SEP was finalized by the end of August 2014.


Community Relations Management System by STAR


§ STAR has appointed Ms.Nilgül Poyraz as Corporate
Communications Supervisor (CCS) who was mobilized on site in
April 2015. She is responsible for overall implementation of
social management activities of the Project and reports to STAR
HSE Director. She plays an interface role between STAR,
Contractor and the Local Community and furthermore,
responsible for corporate communications of STAR A.Ş.


Community Relations Management System by Contractor


§ Contractor has also established a Community Relations Team for
managing social issues and assisting with stakeholder
engagement activities under the supervision of STAR’s CCS. The
team consists of the following members:
- Local Community Representative (LCR)- Gülveren Akış
- LCR Assistant Gizem Gökçen
- LCR Assistant İlkan Taat Yaşar


Communications


§ STAR and Contractor’s Community Relations team has been
organizing bi-weekly meetings on Fridays since May 2015 to
discuss socials issues of the Project as well as to overview
grievances that were received both from stakeholders and
workers. The teams also views and plans future stakeholder
activities in accordance with the current dynamics and identified
priorities of the Project.


Stakeholder Engagements


§ As part of the Stakeholder Engagement Plan of the Project,
several activities were performed within the monitoring period.


§ A public meeting was organized by STAR where STAR CEO
delivered a speech and shared updates on the project with local
communities on 22nd of January this year.


§ As part of focus group activities, Aliağa Fisherman Cooperative
was  visited  by  STAR  CCS,  Environmental  Manager  and
Construction Manager who is in charge of Marine Construction
Works. The team shared information on planned activities and
robust mitigation and monitoring tools in relation to turbidity
management and other critical aspects.
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Stakeholder
Engagement
Plan (Item 6) Activity


Type
Date Place Subject


Public
Meeting


22/01/2015 Petkim Culture
Center Conference
Hall, Aliağa


Stakeholder Consultation &
Feedback Meeting
(Interim): STAR Refinery
Project ESIA Presentation
and Update on the Ongoing
Activities (Please refer to
associated Stakeholder
Engagement(SE) Form(SE-
004 in Appendix-6).


Focus
Group
Meeting


23/06/2015 Aliağa Fisherman
Cooperative


Providing Information on
Potential Impacts and
Responsive Measures in
Relation to the Marine
Works Prior to Start of
Activities (See SE Form
0005 in Appendix-7)


Focus
Group
Meetings to
Villages


Between
April and
July


§ 4 visits to
Güzelhisar
village
§ 3 visits to Çıtak


and Samurlu
villages
§ 2 visits to


Uzunhasanlar
and Karakuzu
villages
§ 2 visits to


Karaköy village


General consultation and
seeking candidates for
recruitment opportunities


Internal
Face to
Face
Meetings
with Sub-
Contractors


Between
April and
July


§ Offices of Sub-
Contractors
Gemsan, Lotus,
Doğuş Es, ES
Group,Yenigün


Introduction of Community
Relations Team and
Consultation on Social and
Workers Welfare Issues in
General


Phone calls Between
April and
July


N/A General exchange of
information and
consultation with various
stakeholders
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Stakeholder
Engagement
Plan (Item 6)


§ The following chart presents population figures per villages
in Aliağa. Güzelhisar, Çıtak, Samurlu,Uzunhasanlar,
Karakuzu, Karaköy villages are those impacted or subject to
interactions of the project and marked with red in the chart.


§ Grievance Management: STAR continued recording grievances
that were received from internal and external Project stakeholders
via different communication channels (i.e. a dedicated mobile line
presented at the back of all trucks, Grievance Forms placed at Project
Site for workers, e-mail) and during community engagement activities.
Until the end of current monitoring period, 167 grievances were
received (the total number of grievances recorded as of the
submittal date of this report is 177, 4 of which are pending for
close-out). Those were communicated to STAR and Contractor’s
management teams as applicable. The Grievance log was
reviewed and status of grievances was continuously monitored by
STAR CRO against close out of the raised issues.


§ Following communication of the grievance by STAR, Contractor
provides descriptive information on their responsive action.
STAR evaluates responsive action accordingly and closes the
item if considered satisfactory or requires further
actions/measures when deemed necessary.


§ The majority of external grievances which were all related with
the truck traffic in Aliağa centrum and on village roads during the
land preparation phase of the Project peaked between 2012 and
2014. The major external grievance subjects then have been;
1. Non-conformance to speed limits and traffic rules
2. Dust and noise
3. Damage to infrastructure (roads, electricity lines, water


drainage channel, etc.)
4. Damage to private property (windscreen, mirror, etc. of other


vehicles; fences)
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Stakeholder
Engagement
Plan (Item 6)


§ 46 new grievances were received within the current monitoring
period, 2 out of the entire are pending for close-out. The
grievance record details include information on grievant, contact
number, location of grievance, description and date in a standard
format. STAR communicates all relevant issues immediately to
the HSE team and all relevant departments of Contractor in
accordance with the grievance type. Most of the recorded
grievances have been associated with dust, noise, unsafe driving
and road conditions in general.


§ The chart below demonstrates the numerical distribution of all
registered complaints by subject and/or related discipline:


§ Among all complaints registered within the monitoring period,
only one was received from a representative of a Project-affected
settlement, the muhtar (headman) of Samurlu village, who has
claimed damage to olive trees of a group of villagers due to dust
generated by truck traffic on the village road in 2014. As it has
been determined to be related with PETLİM activities, the claim
was transmitted to PETLİM Management for further
investigation.


The following meeting is planned for the last quarter of 2015:
Activity
Type


Date Place Subject


Public
Meeting


December
2015


To be
determi
ned


Stakeholder Consultation
& Feedback Meeting
(Interim): STAR Refinery
Project ESIA
Presentation and Update
on the Ongoing Activities


21


10


11


2 1
Human Resources


Subcontractor
Administration


General Services


Health and Safety


Damage to
Community Livelihood
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4.4 Emergency
Response
Plan (Item 7)


This Plan is due prior to the start of operations [Jul. 2017].


In response to the action item ESMS 1.4 described by the LESC in their
latest Post-Site Visit Report; preparation of a Common Emergency
Response Plan (ERP) bridging key elements and documentation of
PETKİM and STAR for diligent coordination of emergency cases has been
planned. The preparation work will commence in September which will be
facilitated by a competent expert who will collect the required data,
information and guide the process with an aim of finalizing the work in
December 2015.
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4.5 Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


This Management Plan is issued in August 2014.


Local Workforce Recruitment


Implementations by STAR and Contractor (Jointly):


§ Both STAR and Contractor continued to prioritize employment
of local people through a solid cooperation with Aliağa
Municipality. Job applications received by the Municipality were
accordingly transferred to STAR and Contractor’s CV database.
The designated representative from municipality ensures
archiving of the transferred CVs in Contractor’s database and
promotes recruitment of these candidates for relevant positions
by working at Contractor’s Human Resources office.


Figure. Number of Collected CVs from Aliağa Municipality


Collected CVs between March-June were categorized and
distributed to the relevant departments. Those categories included
the followings:
- Finance-Business
- Chemistry
- Mechanical/Construction/Electricity/Engineering/Architect
- Environmental/QAQC/Geology/Metallurgy/Mining


Engineer
- Computer Science
- Administrative Affairs
- HSE
- Kitchen Staff
- Security Guard
- Secretary
- Crane Operators/Drivers
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Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


- Technicians
- Unskilled Worker
- Other


In majority, applications for security guard position prevail with a
number of 106, followed by categories of finance-business and
mechanical-construction-electricity-engineering-architect
respectively. Overall, applications of number of skilled candidates
has a ratio of 90% while the entire falls under unskilled category,
demonstrating that most candidates from the region have certified
skills or graduates from technical high schools.


§ Contractor categorizes local employment according to the map
provided below with color coding and receives monthly
employment reports from each Sub-Contractor.


§ Within the reported period between March and August,  23 people
has been recruited from Aliağa district out of 428 applications. Out
of 23 recruited, 22 people fall under unskilled category.


§ Contractor continued with announcing job announcements on one
of the most widely used career web page in Turkey, i.e. Kariyer
Net. The company information and job announcements are
provided through the dedicated link for Contractor as given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-
c53959-p38823/?a=2
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Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


§ Recruitment details of current employees as of August 2015 are
provided below for STAR, Contractor and Sub-Contractors
accordingly:


Table. Employee Figures by Locality


Locality STAR Contractor Sub-
Contractor TOTAL %


Local
(Aliağa & İzmir) 153 140 530 823 41


Non-Local
(Other) 93 128 975 1196 59


TOTAL 246 268 1505 2019 100


Table. Employee Figures by Gender


Gender STAR Contractor Sub-
Contractor TOTAL %


Male 240 215 1475 1930 96


Female 6 53 30 89 4


TOTAL 246 268 1505 2019 100


Table. Number of Handicapped Employees in Contractor and
Sub-Contractors


Gender Contractor Sub-Contractor TOTAL


Male 4 3 7


Female 1 0 1


TOTAL 5 3 8
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Local
Workforce
Recruitment
and
Employment
Plans (Item 8)


Terms of Employment


§ All current employees of STAR are continued with a signed
contract between both Parties (Employee and Employer) which
clearly documents elements of hours of work, wages, overtime,
liabilities, charges and supplementary fees, leave/permissions,
termination of contract and compensation as standard items. All
contracts comply with Turkish Labor laws and Regulations
respectively.


§ Each employee of STAR is recruited on fixed term and
provided with social security.


§ All foreign employees are supported by legal work permits to
work in the Country and contract periods are determined by the
Turkish Government for 1, 2 and 3 years of intervals.


§ There is no migrant employee at present.
§ Authorities from STAR Human Resources department engage


with employee representatives on frequent basis and whenever
required. Two employees from Construction HSE department
(two technicians) are selected and assigned as Employee
representatives and act as Lead Representative and Assistant
Representative.


§ A Grievance mechanism has been also in place for workers
since late 2014 for all project employees including those from
STAR,  Contractor and all Sub-Contractors.


Grievance Procedure for Workers


§ In compliance with Owner’s Grievance Procedure, Contractor
assigned a CRO for implementation of grievance mechanism in
particular for their employees (See page 29 of this report for
organizational chart presenting CRO’s position). Grievance
forms are accessible from various locations both at site offices
and resting areas for workers. It is optional to report grievances
either by name or  announymously.


§ Grievances received from the workers are recorded jointly with
those reported by external stakeholders in order to capture all
under a single register and also for the ease of following up
them together since the CRO teams in charge of all are the same
(See section XX for the combined figures).
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4.6 Occupational
Health and
Safety
procedures
(Item 9)


Guidelines for these procedures was issued and approved in August 2014.


4.6.1. Implementations by STAR:


i) Produced OHS Plan and Work Procedures by STAR: The
following documents issued by STAR have been under
implementation since early phase of the project.


§ Health, Safety, Environmental and Security (HSES) Plan – Site
Preparation (000-A-PE-007-0014)


§ HSES Incident Reporting and Investigation Procedure (000-A-
PE-0190001)


§ STAR Emergency Response Plan
§ Risk Assessment Procedure (only available in Turkish, STAR


SE PR-003)
ii) Implementation of OHS Management System:


OHS Monitoring: STAR’s construction HSE team continued with
conducting regular OHS monitoring both on the site and at
associated facilities of the project including Çayağzı camp site to
verify compliance with the OHS procedures and standards of the
project. All non-compliances observed by STAR are
communicated immediately to involved personnel (both STAR and
Contractor) and reported to Contractor within observation card
format as well as being highlighted at construction HSE meetings
and other relevant platforms.   In return, Contractor’s HSE team
provides update on their responsive actions to close open
observations on timely basis.


Owner has 7 days 24 hours on duty HSE Technicians to monitor
the activities being carried out on site. The main focus of this team
is to monitor the weekends and the nightshift work and also
support the normal week-day HSE teams.


At present, one Construction HSE Manager together with 4 Safety
Coordinators, 2 Safety Supervisors and 13 safety technicians
executes OHS monitoring of the project.


Communications: The following measures have been
implemented by STAR in terms of fulfilling requirements of OHS
management:







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 58 of 98


Occupational
Health and
Safety
procedures
(Item 9)


§ HSE induction and instruction trainings are provided to all
STAR employees by third party HSE Consultant Bir İzmir
prior to commence of work. Each employee are trained by
presentations including video materials and distributed STAR
HS internal directives. These trainings provide information on
the requirements of local OHS regulations as well as on
Company’s HSE programme in place. Each trainee is subject
to a multiple choice questionnaire exam at the end and being
issued internal guidance/instructions booklet. Statistics for
those who received site inductions are provided under section
4.5 Training and Awareness Procedure.


HSE Performance Card System


STAR Project Management Team (PMT) has adopted an HSE
scorecard system to promote and monitor HSE performance of all
PMT personnel starting from June. The system allocates certain
engagement activities to individuals with identified frequencies
(weekly, monthly, yearly, at each occurrence) and are to be
reviewed at quarterly periods for overall HSE performance. The
results will be shared at management meetings for updating
personnel in general on their progress with an aim of promoting
improvements in overall performance.
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Occupational
Health and
Safety
procedures
(Item 9)


Some of the activities included in the activity engagement table are
listed below:


§ Participation in HSE events occasionally (award ceremonies
and other)


§ Participation in Contractor HSE meetings
§ Participation in SSHE Committee Meeting
§ Presenting HSE Moment in Meetings
§ Reporting site observations through observation cards
§ Participation in Contractor/subcontractor’s general toolbox


meeting
§ Attending walkthroughs
§ Participation in Incident & Near Miss Investigations
§ Participation in HSE or Social Audits/Inspections
§ HSE Site Inspections/Visits with Contractor HSE
§ Participation in/Witnessing Drills


Communications


The following measures continued to be implemented by STAR in
terms of fulfilling requirements of OHS management:


§ STAR Administrative Affairs team has continued with
providing Personal Protective Equipment (PPE) for each
employee and notified on appropriate use of these materials
provided for their utility.


§ Preparation and dissemination of any incident information
among STAR employees shortly after their occurrence have
continued by STAR Construction HSE team.  These initial
incident notifications including visual materials strengthen
awareness levels of employees on HS aspects by depicting
causes of incidents and sharing lessons learnt.


§ Weekly construction HSE meetings continued with
participation of STAR and Contractor where all non-
conformities, gaps and weaknesses on HSE aspects are shared
and reviewed. The meeting also provides opportunity for
discussing proposals of improvements of which minutes are
regularly and officially recorded.


§ Monthly and Quarterly HSE Review Meetings were continued
with participation of both Contractor and Owner management
where hot HSE topics and major incidents were discussed and
reviewed together with  performance against the targets.
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Occupational
Health and
Safety
procedures
(Item 9)


§ OHS notice boards have been maintained in STAR site offices
where recently issued safety bulletins, safety tips related
instructions and lessons learnt are posted for employee OHS
awareness.


§ OHS Committee established by STAR OHS Management
according to Law No.6331 and Regulation on Health and
Safety Committees (Off. Gaz. 28532, 18/01/2013) meets
every month including participation by Contractor’s
representatives.  The    Committee    oversees     the     OHS
management system adequacy of the relevant measures taken
for the project, and taking necessary decision for corrective
actions and responsive planning while providing guidance to
employees as a result of the discussions.


Hazard/Risk Identification and Management


As per Risk Assessment Procedure has been prepared in
consultation with all relevant departments and under
implementation. Over hundreds have been identified as hazards
and with responsive precautions. The procedure that is a living
document which is periodically reviewed and updated whenever
applicable.


Employee Well-fare


§ As of 1st of June, all employees including employees working
at STAR site office as well as entire staff of Contractor and
Sub-Contractors have started to utilize catering services
provided by Akyıldız Catering Company within a newly
constructed unit at the project site office area.


§ STAR continued with provision of guesthouse facility at
PETKİM’s premises for employees mobilized from other
cities during their temporary stay until their proper settlement
in a local residential area on their own.


Observations


Observations regarding any unsafe acts and behavior are being
reported via Observations Cards (STAR Card or electronic copy of
the form) and the records kept in a register to follow action and
close-out.
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Occupational
Health and
Safety
procedures
(Item 9)


Toolboxes: Toolbox Talks and pre-task meetings are conducted by
Contractor’s and Sub-Contractor’s personnel on site in which
Owner personnel also participate randomly.


Accidents and Incidents Management: All incidents no matter
how minor are recorded and investigated by Contractor.
Investigation of high potential near miss, LTA, fatality and
recordable cases are also participated by STAR HSE team. As of
end of June, 44 incidents were recorded in the Incident log. Most
of the reported cases are categorized as first aid, near-miss, road
transport and property damage. Corrective actions included in the
incident reports, as per the root-cause analysis, to prevent
reoccurrence in future are being closely followed to take actions in
a timely manner and close the items of which the details are also
kept.


Reporting: STAR collects and reviews HSE KPI statistics from
Contractor and all relevant parties on weekly and monthly basis.
HSE  team  also  communicates  monthly  HSE  reports  to  STAR
Management including highlights of the month, critical issues and
recommendations in addition to   information on HSE specific
KPIs and Loss Time Incidents.


Walkthroughs: Several walkthroughs have been adopted recently
on weekly or bi-weekly basis in terms of improvement of HSE
performance of Contractor and all Sub-Contractors against the
legal and project specific requirements where STAR Construction
and HSE teams dedicatedly participate and contributes to site visit
findings and awareness raising talks. These activities specifically
consists of the followings:


§ Management HSE Walkthrough
§ Supervisors HSE Walkthrough
§ Environmental Walkthrough
§ Health & Hygiene Inspections at Welfare Areas
§ Health and Hygiene Inspections at Camp
§ Following the site walkthroughs, observations are recorded in


the relevant reports and the action items are registered by
Contractor in the Observation Log for close-out. A schedule
has been issued for the planned walkthroughs where
participants from different disciplines and management are
included.
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Occupational
Health and
Safety
procedures
(Item 9)


Drills


Total of 9 drills with several types were carried out either by Sub-
Contractors within the monitoring period.


Drill Type Date


Heart Attack  Evacuation Drill on site 05.02.2015


Heart Attack Drill  at Offices 13.02.2015


Trench rescue drill 12.03.2015


Emergency Evacuation Drill 08.05.2015


Rescue Evacuation Drill 21.05.2015


Rescue from trench drill 26.05.2015


Minor Fire Drill 28.05.2015


Minor Fire Drill 02.06.2015


Confined Space Rescue Drill on site 02.06.2015


A common emergency muster drill by STAR and Contractor
planned in July.


4.6.2. Implementations by Contractor:


i) Produced OHS Plan and Work Procedures by TSGI: The EPC
Contractor TSGI MI has been producing OHS procedures and
implementing these procedures upon approval of STAR according
to the commitments undertaken by STAR in the ESIA including
Turkish regulatory framework, IFC Performance Standards (in
particular PS2) and IFC General and Sector Specific EHS
Guidelines.


The latest status of OHS specific documents under implementation
by Contractor and applicable for all sub-contractors are enclosed in
the Appendix-8.
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Occupational
Health and
Safety
procedures
(Item 9)


Communications


§ In  terms  of  fulfilling  OHS  requirements  of  OHS
Management System, the following measures have been
implemented by Contractor:


§ HSE instructions communicated to the employees prior to
start of work by employees through site induction
trainings including visual materials, distribution of OHS
hand-outs. Site inductions inform employees to be in
compliance with the requirements of local OHS
regulations instructions and to be aware of relevant OHS
issues in the workplace.


Trainings


§ As of May, provision of site inductions to all workers and
each visitor has been initiated by Sub-Contractor Bir
İzmir (OHS Service Provider Company) which is
specifically contracted for HSE training services. Site
inductions are followed by multiple choice questionnaire
exams. Those who pass the exams are provided with HSE
induction card that presents information on emergency
contact people. A sticker is provided to be posted on the
helmet to identify that the person has completed the
induction training. The person is also provided with a
training passport where his training details will be
captured and followed.
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Occupational
Health and
Safety
procedures
(Item 9)


§ Statistics regarding those who received site inductions are
provided under section 4.5 Training and Awareness
Procedure.


§ Employees are also informed against misuse or damage of any
equipment and materials provided for their utility prior to start
of their work.


§ HSE Notice Boards: HSE Notice Board is available at the Site
in order to assure a proper communication and awareness in
particular targeting workers who do not have access to e-mail
services.


§ The Notice Board contains information regarding Emergency
Number, Training Program, HSE Services, HSE Alerts, etc.
HSE Notice Board is multi-language to enable understandings
by the foreign employees and visitors (Turkish, English).


§ Safety Bulletins: Safety Bulletins are distributed through
mailing lists on topics related to the Project (e.g. Accidents
and Near Miss, new HSE procedures issued, etc.) and/or
related to other Sites/Projects.


Figure. An example of safety bulletin on rigging activity


§ Containers, tanks with hazardous materials are labelled
properly and MSDS both in English and Turkish are posted at
storage locations.


§ Information on emergency codes, signings and signals are
posted at dedicated spots (including announcement boards at
offices and project site) for instructing employees.
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Occupational
Health and
Safety
procedures
(Item 9)


§ HSE Committee established by TSGI MI meets every month
starting. The Committee oversee the OHS management
system, adequacy of the relevant measures taken for the
project and taking necessary decision for corrective actions
and responsive planning and discuss compliance with the
national regulations.


HSE Incentive Program


§ Contractor conducts on monthly basis an award ceremony
where positive behavior and good HSE performance is being
awarded by Management.


Site Medical Point


§ As of May, the site medical centre has been made operational
with medical personnel and ambulance being available for
7daysx24hours.


OHS Monitoring


§ Contractor’s construction and HSE team conducts regular
OHS monitoring both on the site and at associated facilities of
the project including dumping sites to verify compliance with
the OHS procedures and standards applicable to the project.


All non-compliances observed by TSGI are communicated
immediately to involved personnel (both Contractor and
relevant Subcontractors) and reported through channels
including observation cards, meetings, e-mails and other.


§ Risk Assessment and Job Safety Analysis (JSA) carried out by
competent people and submitted by the HSE analyst to the
Discipline Supervisor and HSE Manager for approval.


Hazard/Risk Identification and Management


§ All tasks to be performed by Contractor and Subcontractors
are  subject  to  a  written  Method  Statement  and  a  Risk
Assessment.


§ A  Risk  Assessment  is  required  for  each  activity  by
Subcontractors and mitigation measures are implemented
before commencement of work in line with Turkish Law
6331.
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Occupational
Health and
Safety
procedures
(Item 9)


Employee Involvement


Involvement of individual employees in OHS management is
promoted through the following measures:


§ Health and Safety Observation cards are provided at several
locations both at the site offices and construction site for
recordable observations of employees.


§ Grievance Mechanism for Workers has been in place for
recording grievances from employees. Grievance forms have
continued to be supplied through boxes located at several
locations of the site offices and employee resting areas. Those
forms provide option for anonymous applications where
personal grievances and recommendations for improvements
can be communicated to the Project management.


Job Hazard Analysis


§ Job Hazard Analysis (JHA) tool has been under
implementation for identification of hazards associated with
each project activity while providing responsive measures for
controlling or mitigation of them.


§ Job Hazard Analysis is provided according to Contractor’s
procedure on JOB SAFETY ANALYSIS (000-A- EE-
0190326).


Employee Well-fare


§ Employees of Sub-Contractors are provided resting places at
the workplace with safe and evacuation conditions and
supplied by fire extinguishers and HSE notice boards.


§ A catering service with a common menu for all workers is
provided by Akyıldız Catering Company for each
subcontractor at decent and hygienic eating areas that are
located at the project site and Çayağzı camp area.
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Occupational
Health and
Safety
procedures
(Item 9)


Audits and Inspections (Walkthroughs)


§ Safety Walkthroughs conducted at selected project areas on
weekly basis involvimg participants from management
teams of STAR, Contractor and Sub-Contractors. These
routine inspections are performed in order to identify and
rectify existing problems and to avoid problems that require
proactive actions.


§ Observation noticed during the HSE
Walkthroughs/Inspections are recorded on a database and
used for preparation of Safety Indicators.


§ Contractor regularly maintains and submits inspection logs
and action registers to STAR HSE team.


Accidents and Incidents Management
All incidents including near misses and hazards are reported to
Owner by Contractor immediately. Detailed investigations are
also conducted by Contractor for those necessary in terms of
identification of root-cause of the incident and for implementing
necessary measures to avoid re-occurrence. Further details are
provided in procedure 000-A-EE-0190334 INCIDENT
INVESTIGATION AND REPORTING PROCEDURE.


Reporting


Contractor provides HSE reports to Owner on weekly and
monthly basis. Reports include updated information on HSE
specific KPIs, Loss Time Incidents and others.
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Occupational
Health and
Safety
procedures
(Item 9)


Planned Activities for Next Monitoring Period:


1. OHS audit planned by STAR in August 2015 to check
and review level of fulfillments by Contractor with
respect to their legal OHS compliance.


2. A full HSE audit has been scheduled by Contractor to be
applied to all Sub-Contractors as per the issued HSE
Audit Plan. The audit to be commenced in last quarter
this  year  that  will  be  combined  with  a  follow  up
workshop.


3. As part of Occupational Exposure and Monitoring
Program, following monitoring activities planned
annually by Contractor:
§ Occupational noise and dust measurements in
August 2015
§ Illumination Monitoring for Office and Construction
Site for and
§ Thermal Condition Monitoring for Office within 3rd


quarter of 2015
4. Carrying out joint inspections(walkthroughs) as per the


engagement activity schedule


5. Planned drill types by Contractor and/or Sub-Contractors
are as follows:


§ Emergency Evacuation Drill
§ Emergency Muster Drill
§ Confined Space Rescue Drill on site
§ Rescue Drill From Sea
§ Minor Fire Emergency Drills
§ Heart Attack Drills
§ Small injury on site
§ Rescue from  Height Drill at site
§ TSGI Main Gate Sabotage Drill
§ Local Evacuation Muster Drill at office
§ Local Evacuation Muster Drill at office
§ Small Fire Drill at office area
§ Dog Evacuation Drill
§ Traffic accident and injury drill on site
§ Gas Leak Emergency Local Evacuation Drills
§ Confined Space Rescue Drill on site
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4.7 Supply Chain
Management
Plan
(Item 10)


Issued in August 2014.


In relation to engineering phase of the project, EPC Contractor
has developed the following specific procedures which have been
effective among Vendors in order for them to be in compliance
with the HSE requirements of the Project.


i) HSE Requirements for Vendors (000-A-EE-0190302)


ii) HSE Design Safety Philosophy  (000-A-EE-0190304)


Accordingly, each Vendor shall demonstrate acceptable HSE
performances and/or guarantee certain emission thresholds and
safety specifications for their supplies and services that are
subject to review process by STAR and Contractor upon vendor
data submitted by them.


With regards to construction phase of the project, EPC Contractor
orders all Sub-Contractors to comply with the Contractor’s HSE
Plan, Procedures and specifications while requiring them to issue
their own procedures accordingly.


One of the other adopted practices for supply chain management
of the Project is the execution of planned HSE audits as planned
where Contractor scrutinizes HSE documentation of Sub-
Contractors and inspects site implementations of the teams. As an
outcome of the audit process, Contractor produces a management
review on HSE performances of all Sub-Contractors and reports
findings for the areas requiring improvements.
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4.8 Resource
Efficiency
Management
Plan
(Item 11)


Issued in August 2014.


Implementations by Contractor


Contractor has been addressing the following measures for resource
efficiency management:


§ Contractor has issued a Resource Efficiency Management Plan in
June. The Plan commits environmental awareness campaigns for
2015 and 2016 with themes of energy and water saving, waste
management and oil spill respectively.


§ Uncontaminated storm water that is recovered from cross ditched
on site has been used for the suppression again on site.


§ Maintenance of equipment, machinery and vehicles consuming
fuels are conducted on routine basis. No anomalies in the
exhausts are present.


§ Consumption of natural resources and services (e.g. energy, water
supply) as well as reuse/recycling practices has started to be
monitored regularly by April. Findings of monitoring will be
reviewed and evaluated for further improvements / corrective
actions if necessary.


§ A new dumping area located at PETKİM peninsula in an adjacent
area to the Project site has been assigned for earth removal
activities that has been taking place in the Area-3. Close location
of dumping site has enabled reduction of fuel consumption levels
since transportation routes are much longer for alternative
dumping sites outside the Project area.


§ Contractor distributed metal water bottles for their employees  to
minimize generation of plastic bottle wastes.


Planned Activities


§ STAR and Contractor will launch a comprehensive resource
efficiency campaign in 2nd half of 2015  both at office and resting
areas for energy and water saving practices. As part of the
campaign, awareness stickers and posters will be demonstrated at
notice boards and office light buttons.
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4.9 GHG
Management
Plan
(Item 12)


This Plan is due prior to the start of operations [Jul. 2017]


4.10 Air emissions
- Prevention
and Control
into the
Refinery
fences
(Item 13a)


This Plan is due prior to the start of operations [Jul. 2017]


4.11 Air emissions
- Air Quality
Monitoring
program
(Item 13b)


Issued in August 2014.


“Ambient Air Quality Monitoring Plan – First Campaign Using Mobile
Devices” was prepared by Golder Associates and issued by STAR on the
16th of January this year.


The plan defines the activities which are needed for filling the gaps on
existing baseline air quality data (i.e. air quality data before the start of
refinery operations). Complete set of data will serve for appropriate
assessment of the air quality data as part of monitoring activities planned
during operations phase of the Project. Accordingly, the monitoring
activities to address the identified measurement gaps will be commenced
prior to start of operations prospectively by mid-2016 for a period of  one
year.
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4.12 Sea water and
groundwater
monitoring
plan
(Item 14)


Issued in August 2014.


Seawater Monitoring Activities by STAR


§ In terms of identification of baseline concentrations of the seawater
in the Local Study Area (LSA), seawater sampling was conducted by
using Niskin bottle on the 8th of May prior to start of marine
activities in June as part of Seawater and Marine Sediment Quality
Monitoring Plan (000-A-OE-0090027).


§ The sampling process was directly executed by the STAR team.
However, Dokuz Eylül University Institute of Marine Sciences and
Technology supported sampling process during their sediment
sampling as part of the entire marine monitoring programme that has
been implemented by the same team for the Project.


§ Secchi disk was used to measure transparency of the water by the
time of sampling activity.  When the disk was no longer visible
during lowering of marked rope, depth was recorded accordingly.


Photo. View from use of Secchi disk during seawater sampling


§ GPS device was used to verify coordinates of the monitoring stations
which were initially identified and provided in the approved
Seawater and Marine Sediments Quality Monitoring Plan of the
Project (000-A-OE-0090027). The coordinates(in WGS84 unit) and
sampling details are given in the following table:
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Table: Station Coordinates and Secchi Details for Seawater
Sampling


Station
numbers


Coordinates
X: Longitude
Y: Latitude


Rope
Length


Secchi
Depth


Rope
Angle


1 26.911707 X
38.788967 Y 20.5 20.5 0


2 26.914841 X
38.786237 Y 11 7.7 45


3 26.917631 X
    38.783374 Y 12 10.4 30


4 26.919822 X
38.780069 Y 11 9.5 30


5 26.923813 X
38.779536 Y 13 13.0 0


6 26.923575 X
38.799496 Y 9.5 9.5 0


7 26.89873   X
38.799496 Y 18.5 16.8 25


§ For each stations, two samples were collected - one from surface
(superficial sample), another one from sea bottom. In total, 14
samples were delivered in following hours to İzmir Governorate
Provincial Public Health (Hıfzısıhha) Laboratory which is an
accredited agency by Turkish Accreditation Authority (TÜRKAK)
according to TS EN ISO/IEC 17025.


§ The following parameters were analyzed for each sample. Between
the entire parameters analyzed, Mercury and Ammonia
concentrations were identified with values above the thresholds. The
laboratory results are provided in the Appendix- 9.
Microbiological Parameters
- Total coliform bacteria
- Fecal coliform bacteria
Chemical Parameters
- pH
- Total suspended solids
- Turbidity
- Cadmium
- Color
- Copper (Cu)
- Lead (Pb)
- Nickel (Ni)
- Zinc
- Mercury (Hg)
- Arsenic (As)
- Chromium (Cr)
- Ammonia (NH3)
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Seawater Monitoring Activities by Contractor


§ As per the requirements of ESAP item 4f2, Contractor also
commenced seawater monitoring activity for 14  points (both surface
and bottom) at selected 7 stations on the 23rd of  May prior  to  jetty
construction works. In addition to the parameters provided in the
above sub-section, parameters of dissolved oxygen, total petroleum
hydrocarbons and supernatant were also analyzed. The laboratory
results are enclosed in the Appendix-10.


Groundwater Monitoring Activities


§ Golder Associates (GA) hydrogeology expert Michael Pupeza
visited the project site for assessment of conditions for groundwater
both in May and June. As per the accumulated information based on
piezometer measurement results through the existing wells on site,
Ground Water Quality Monitoring Plan (000-A-OE-0090028) of the
Project will be revised accordingly.


Planned Activities


§ Once Ground Water Quality Monitoring Plan will be revised and
issued, Contractor will be responsible with opening of new
groundwater monitoring wells and/or restoration of old ones which
are essential for monitoring activities.
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4.13 Waste water
management
(Item 15)


Issued in August 2014.


Implementations by Contractor


§ Sources of sanitary wastewater are limited to the followings:


1. Wastewater generated within the construction office facilities


2. Sewage water generated within the portable toilets located at
the project site


3. The discharge generated upon the construction site offices is
sent to the WWTP of PETKİM that complies with the
national discharge limits.


4. Wastewater generated from Çayağzı Camp: The domestic
waste water has been treated through a Package Treatment
Unit which has a daily capacity of 1200 m3. Temporary
operations permit for the unit was issued by the Local
Directorate of Environment and Urbanization on the 28th of
April. In order to ensure reduction of oily water load of the
influent water, an oil skimmer has been operational at the
outlet of kitchen sanitary water network.


5. Construction and restoration of storm-water channels at
project site has been an ongoing process and of a settlement
pond where all storm-water gets collected has been planned.


6. Wastewater generated upon utilization of site portable toilets
are transported and disposed separately by a third party
ensuring regular maintenance of these facilities.


§ Contractor ensures proper management of all sewage water
sources by demanding agreements with third party service
providers and the receivers of generated waste water.


Planned Activities


§ Sub-Contractor Özdenizcilik who is in charge of Camp
Management will ensure routine monitoring of effluent water at
Çayağzı camp site by use of mobile sampling kits.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 76 of 98


4.14 Soil and
Contaminated
land
management
(Item 16)


Issued in August 2014.


Activities by STAR:
§ First Soil Sampling activity prior to construction activities was


addressed on the 5th of February 2015 for the purpose of
analyzing soil baseline characteristics of the project site where
majority of Area-1 and Area-2 were covered by filling material
by the time of sampling.


Map: Soil Sampling Locations


§ A total of 11 surface soil samples were collected from the Project
Site and analyzed for the activity specific contamination indicator
parameters listed in the “Regulation on Soil Pollution Control and
Point Source Contaminated Sites”, for the fulfilment of
requirements listed in the “Soil Management and Reinstatement
Plan and Guidelines for Contractor” of the Project (See Baseline
Soil Quality Assessment Report in the Appendix – 11).


Photo: View from Soil Sampling Activity
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Soil and
Contaminated
land
management
(Item 16)


§ Concentrations of metals, trace amounts of PCBs and PAHs have
been put in evidence. However, the results demonstrate values
below thresholds and accordingly not indicate soil contamination.
This baseline soil survey will be used as a reference for future
Project Site assessments and/or soil investigations.


      Activities by Contractor
§ Sub-Contractors continued with supplying spill kits for heavy


machineries as a mitigation measure to avoid fuel spills at non-
controlled areas. Further, Spill Prevention training in particular
for operators and truck drivers has been initiated as of 11th of
June. Until the end of June, 66 workers participated in the
training with 2 hours. Responsive Spill Prevention Measures
followed by all Sub-Contractors are covered under Contractors
Spill Prevention Plan (Doc. No: 2245-000-A-EE-0190322) which
provides basis and guidelines for the management of spills
applicable for employees, subcontractor and visitors located in
the worksites of the project.


§ Temporary fuel storage location of Sub-Contractor Yenigün
where a fuel tanker used to supply fuel to light trucks was de-
commissioned due to non-compliance with containment
conditions.


§ A Spill Drills was conducted by Sub-Contractor Yenigün on the
18th of June where 8 workers participated and practiced spill
response measures for various spills with different spill kit types.


Photos: Views from Spill Drill Activity


    Planned Activities
§ Sub-Contractors will ensure all truck drivers and operators to


receive Spill Prevention Training by the end of October.


§ Spill drills both on land and at sea have been planned for 2nd half
of the year.
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4.15 Noise
Prevention
and Control -
Source
emissions
(Item 17a)


Issued in August 2014.


4.16 Noise
Prevention
and Control –
Immission
into the
environment
(Item 17b)


Issued in August 2014.


§ PPEs including ear plugs have continued to be provided for
employees in order to prevent occupational noise


Planned Activities


The following yearly monitoring activities planned by Contractor for
August 2015:


§ Noise Monitoring at workplace for determining worker's noise
exposure level


§ Vibration Monitoring: HAV and WBV worker's vibration
exposure level


Contractor’s Corresponding Document/Procedures:
* Responsive noise management measures committed by Contractor are
covered under the Contractor’s document Construction Environmental
Management Plan (no: 2245-000-A-EE-0190306)
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4.17 Dust_and_
other_
emissions_
Management
Plan
(Item 18)


Issued in August 2014.


Dust Management Activities


§ In order to control dust emissions that are generated in particular
due to land preparation and movement of earth materials, 3 dust
suppression  vehicles have been dedicatedly performing
sprinkling activities along the access road which connects to
PETKİM Forest dumping area and also through at main access
roads at the Project site.


Photo: View from a site access road following dust suppression
activity


Planned Activities


§ Monitoring activities on occupational dust exposure and PM10
and settled dust at the receptors in the vicinity of the project area
was planned for August 2015.
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4.18 Waste
management
plan
(Item 19a)


Issued in August 2014.


Implementations by Contractor:


§ Weekly data for all applicable waste streams as per KPI statistics
has been kept by Contractor and reported to Employer. As of
2015,  related KPIs are revised according to STAR document
000-A-OE-0090035 Waste Management Plan and Guidelines for
Contractor that are listed below:


- Hazardous waste (ton)
- Medical waste (kg)
- Domestic waste (kg)
- Iron and steel waste (kg)
- Recyclable waste (kg)
- Excavation and demolition waste (ton)


§ Medical wastes generated due to health service unit operations at
the project area are stored and managed in compliance with
“Regulation on Control of Medical Wastes” without mixing in
any way with other wastes.  Recyclable wastes are collected in
the recyclable boxes and medical wastes are collected with red
bags in the “Medical Waste Box” at the medical service unit.
Collected wastes are locked in “Medical Waste Container” and
properly managed in accordance with the “Regulation on Control
of Medical Wastes”.


§ The domestic wastes produced in the Health Service Unit are
collected in garbage bins and transported for disposal via licensed
companies on routine basis.


§ Network of sanitary waste water generated at the project area
including site offices has a connection to PETKİM’s wastewater
treatment plant as per the special agreement of Contractor with
PETKİM and becomes treated in compliance with the national
limits.


§ Contractor’s corresponding document titled as WASTE
MANAGEMENT PLAN (WMP, 000-A-EE-0190307) intends to
provide effective guidance for handling, recycling and disposing
of wastes generated during the Site Preparation phase of the
project.  The  WMP  is  a  living  document  and   will  be  updated
according to actual project phase and Site conditions as well as
actual waste streams being generated.
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4.19 Hazardous
materials
management
plan
(Item 19b)


Issued in August 2014.


§ Hazardous Materials are maintained together with their associated
Material Safety Data Sheets (MSDSs) at temporary storage
locations by each Sub-contractor.


§ Contractor’s HSE team conducts periodic inspections on storage
locations in order to review compliance with appropriate storage
conditions while checking availability of MSDSs.


§ Contractor issued a specific bulletin for consideration of Sub-
Contractors to comply with temporary hazardous material storage
area criteria in terms of containment conditions, safety measures,
labelling and accessibility.


Figure. Temporary Hazardous Waste Storage Area Criteria
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4.20 Workers and
Community
Health
management
plans
(Item 20)


Issued in August 2014.


Extensive pre-employment health checks are conducted prior to
commence of work on site. Periodical checks for all employees are
carried out on annual basis.
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4.21 Traffic
management
plan
(Item 21)


Issued in August 2014.


§ Regular service, maintenance and regulatory compliance checks
including exhaust emissions are conducted on routine basis for
entire vehicle fleet and heavy machinery.
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4.22 Security
Management
plan
(Item 22)


Issued in August 2014.


Implementation by STAR


STAR’s Security Manager oversees Contractor’s Security Management
System and observes such operations on routine basis. Procedure and
Plans submitted by Contractor on security is reviewed and supervised
under the coordination of Security Management in cooperation with
relevant disciplines.


Implementations by Contractor


i. Organizational Structure: Security management is implemented by
the Owner’s Contractor TSGI Engineering Construction (TSGI MI)
Company who is responsible with ensuring highest possible level of
protection of the project site and its assets. The following chart presents
the roles and organization structure as per overall security management of
the project. Contractor acquires private security services from a third
party (ISS Proser Security Services) to provide qualified, uniformed
security personnel on 7X24 hours basis for routine security operations.


Figure.  Security Organization Chart by Contractor
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Security
Management
plan
(Item 22)


Procedures/Plan


The following documentation applying to the Owner, Contractor and
subcontractors working in the relevant project areas was produced by
TSGI MI and updated when necessary.


- Security Procedure for Material Control (DOC no: 2248-000-A-
EE-0190652)


- SOP (Standard Operating Procedures) for Security of
Temporary Facilities (DOC no: 2248-000-A-EE-0190672)


- SOP Access Procedures to ARP Sites (DOC No: 2248-000-A-
EE-0190670)


- SOP Line of Communication and Reporting (DOC No: 2248-
000-A-EE-0190671)


- SOP Missing Personnel (DOC No: 2248-000-A-EE-0190656)


- Security Plan (DOC no: 2248-000-A-EE-0190310)


Implementations/Mitigation Measures


i) Induction/Trainings, Exercises: TSGI MI as required within
the scope of activities provides Security Awareness Briefings
to the new comers of the project. Essential information
including site security status of the operation area, security
implementations, standing security procedures, security
access, general security advices and contact numbers of
responsible security team are provided to those for their
orientation on security aspects and also supplied with
“Welcome Security Booklet” which contains practical security
information for the Project site, Aliağa and Turkey in general.


The security team has been also informed on the Grievance
submission channels as part of Grievance Procedure for
Workers.


Within the first half of 2015, several trainings were provided
to the security team on the topics including General
Authorization of PSGs, General Procedures for SSs, SOP
Access Procedures and HSE Induction.
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ii) Reporting: TSGI MI has continued with preparation of daily
and weekly security reports where information on the
following topics shared regularly:


- Security Operating Level
- Manpower
- Security Environment
- Logistics
- Recommendations and Requirements
- Communications


Other Security Related Issues:


In addition to the routine reporting, security specific incidents
are communicated through incident reporting while situation
reporting is conducted for cases where risks are foreseen and
follow up actions recommended. These reporting channels
ensure immediate reporting on breaches of security to the Site
Security Coordinator.


iii) Other: Other mitigation measures have been applied by the
Security team includes:


§ Physical security measures including fencing,
watchtowers.


§ Access Control Systems measures including issuance of
temporary entry badges that grants access to the site for
authorized vehicles and people


§ Two patrol teams consisting of two security guards have
been operational for ensuring transportation of security
guards in charge of remote areas of the project site.


§ Journey Management for logistics and administrative
management of those on an assignment and travelling for
business in the country are implemented for safety, traffic
and security management aspects.


§ Maintaining close relations with local law enforcement
authorities for close coordination on security issues in case
of need.


§ Random inbound & outbound vehicle searches are
conducted on site in order to provide material control and
loss prevention for company assets.


§ Compartmentation of areas and restricting access to these
areas with authorized personnel and vehicles only is a part
of access control measures which is intended to reduce risk
of having accidents in these areas as far as practical.
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Planned Activities


§ Issuing a site specific driving pass/license to employees driving
on site. Planning necessary procedures and making relevant
arrangements are ongoing.


§ Installment of turnstiles and proximity card readers to control
pedestrian entries, monitoring inbound and outbound traffic at all
gates via plate number recognition capable cameras, placement of
drop arm barriers at all gates to prevent unauthorized access to
the site, equipping the main gate with delay barriers at inner side
for slowing down adversary progress, installing stoppers, traps at
outside of the main gate to prevent surprise attack


§ Establishment of CCTV surveillance system, external lights,
power supply units (for CCTV control room and each PC used at
the security center)


Some of the selected  training and exercise programs planned for
2nd half of 2015 consists of:


- Voluntary Principles on Security and Human Rights


- First Aid Procedures


- Detailed Vehicle Search


- Action Against Theft Incidents


- Handcuffing Use of Baton


- Fire Quick Reaction Matrix
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4.23 Biodiversity
Action Plan
(Item 23)


Issued in August 2014.


Activities by STAR


First monitoring campaign on sediment and marine biodiversity quality was
conducted by Dokuz Eylül University the Institute of Marine Sciences  and
Technology (DEU-IMST) between May 8-10. The campaign consisted of the
followings activities:


1. Identification of detailed coordinates of P. Oceanica and sampling
2. Demarcation of P. Oceanica and hard bottom communities
3. Sediment sampling at 7 locations for 14 points (both at surface and bottom)
4. Monitoring potential presence of seals and seal caves
5. Monitoring presence of reptiles (marine turtles) – will be repeated in June
  alien


Photos (by DEU-IMST): Placement of Demarcation Buoys


The second part of the preliminary monitoring campaign on marine biodiversity
complementing the initial monitoring activities was carried out by DEU-IMST
between June 12-19. Activities consisted of the followings:


1. Verification demarcated coordinates of P. Oceanica and initiating
lepidochronological method on
Posedonia samples
2. Monitoring potential presence of fish assemblages
3. Identification of potential presence of marine alien species
4. Monitoring potential presence of reptiles (marine turtles)
5. Monitoring potential presence of cetaceans
6. Installation of monitoring stations for P. Oceanica in accordance with balisage
method
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Figure.	The line transects used followed during the Cetacean survey and
delimitation of coastal areas for monk seal survey (Produced  by DEU-IMST)


Photos (by DEU-IMST): Preparation of quadrats, fixation of quadrats with
nails


Photos (by DEU-IMST): 25x25 cm quadrat digital camera photos
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Photos (by DEU-IMST):   Views from Ivasive Species Recorded in the LSA


As a result of baseline identification activities, the experts concludes that
based on the accumulated information on status of Posidonia meadows in
the LSA, gathering and transplanting of any shoots are not foreseen to have
much survival success in the area that they will be planted. Therefore,
instead, the experts recommend protection of healthy Posidonia meadows at
any vicinity of Marine Protected Area(MPA).One good example is given as
the establishment of the mooring sites in Göcek Dalaman Coves of
Fethiye-Göcek Special Environmental Protected Area (Battal, 2011). In the
most used coves, moors were placed to avoid anchoring effect of vessels
over the Posidonia meadows. This type of establishments where no mooring
sites exist can be foreseen as an alternative measure at any vicinity MPA
instead of any re-plantation measures that will be much more costly.


The findings of the first monitoring activities by DEU-IMST is enclosed in
the Appendix-12


Activities by Contractor


§ Contractor has installed graduated stakes within the habitats
characterized by P.Oceanica in terms of monitoring potential
sedimentation due to marine construction activities. The further
information can be accessed from Contractor’s Ante Operam
Campaign Report.


Planned Activities


§ Installation of silt curtain in July by Contractor for minimizing
turbidity effects  over Posidonia meadows in particular.


§ Installation of online turbidity measurements at buoys in the LSA
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4.24 Terrestrial
Flora and
Fauna
Management
Plan
(Item 24)


Issued in August 2014.


4.25 Invasive alien
species
prevention
(Item 25)


Issued in August 2014.


As part of the marine biodiversity management campaign, baseline study
was conducted by DEU-IMST in June. During the survey, 3 alien and
invasive macro algae species were recorded in the LSA which are presented
in the following Table.


Stations C. racemose var.
cylindracea


Codium fragile Stypopodium
schimperi


AS_MON_01
AS_MON_02 +
AS_MON_03 +++
AS_MON_04 +++
AS_MON_05 +++
AS_MON_06
AS_MON_08 + +
AS_MON_10 +
AS_MON_09
AS_MON_07 +++ +
AS_MON_11
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4.26 Chance find
procedure
(Item 26)


Issued in August 2014.


§ Seabed archeological survey was conducted by DENAR Company
with a team consisting of under-water archeologists within the first
week of June prior to start of pile driving activities that is the initial
marine construction work. The study stages included multi-beam
bathymetry, side scan sonar, sub-bottom profiler, marine
magnetometer and ROV surveys.


Figure. Survey Area


§ The processed and interpreted data were observed and cross-
checked with SSS and Multibeam Echosounder data as well. As a
result, no seismic anomaly that has ability to be an archeological
remain was detected. The report is provided in the Appendix-13.


§ There have been no accidental findings discovered during the
ongoing site preparation works throughout the monitoring period.
Regular site observations have been conducted by HSE engineers
during earth moving operations at Area-3 which has been
continuing since the beginning of 2015.
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4.27 Audit and
Non-
Conformities
Procedure


Issued in August 2014.


Activities jointly by STAR and Contractor


§ Contractor conducted an internal HSE audit to all Sub-Contractors
of the Project between April 10-11, this year.


§ STAR and Contractor initiated a dedicated environmental
walkthrough as of 11th of May on bi-weekly basis as an addition to
weekly HSE walkthroughs. Non-conformities observed on site are
recorded through environmental walkthrough reports and followed
up for close out.


§ In addition to regular site inspections, STAR conducted a
comprehensive inspection on the 3rd of  March  in  line  with
IFC&EBRD’s Guidance on Workers' accommodation: processes
and standards.   The inspection findings were shared with
Contractor and Sub-Contractor accordingly.


Planned Activities


§ Inspection of  metal recycling plant by STAR team, which is under
use by Sub-Contractor Yenigün in August 2015


§ Social and HSE assessment of quarry plants by STAR in August
and September 2015 for those where materials will be supplied
from within of the scope of marine reclamation activities.


4.28 Management
of Change
Procedure


Issued in August 2014.


With response to the action item (ESMS 1.3)  from the LESC’s Action List,
the associated capacity increase change has been recorded in the
Management of Change Log for review of the Lenders and the LESC. The
Log is provided under Appendix-14.
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5.0 CONCLUSIONS


The Project is in compliance with the requirements stipulated in the EIA consents.


The Project is following the requirements of the ESAP and ESIA.


6.0 UPDATE ON PROJECT DOCUMENTATION STATUS


The Table in Appendix 5 of this report provides the updated timeline for:


· the documentation submission from Star/Golder to Lenders’ advisors;


· the documentation review by Lenders’ advisors;


· the documentation revision/amendment by STAR/Golder; and


· the documentation approval by Lenders’ advisor.
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APPENDIX 5 – WORK PROGRESS TABLE BY THE END OF JUNE 2015


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


ESHS Policies 5 August


25 August
APPROVED
MINOR
COMMENTS


Associated facilities and Supply chain
IA 6 August


26 August
APPROVED
MINOR
COMMENTS


Dumping areas MP 6 August


26 August
APPROVED
MINOR
COMMENTS


Supply chain MP 14 July 21 July 5 August 25 August
APPROVED


GHG emission report 7 July
Risk Assessment 27 June 3 July 28 July 1 August APPROVED
JHA procedure 11 July 21 July APPROVED
ESMS Manual 27 May 10 June 15 July 1 August APPROVED


Audit Procedure 20 June 21 July 23 July


1 August
NotAPPROVED
(Clarifications needed
in the audit program)


6 August 19 August
APPROVED


Training Procedure 11 July 21 July 23 July 1 August APPROVED


SEP 16 Jun 3 July 21 July
1 August APPROVED
MINOR
COMMENTS


Grievance Mechanism 30 May 10 June 21 July 1 August APPROVED
Local Workforce Recruitment 17 Jun 26 June 5 August 6 August APPROVED
Employment 23 July 28 July 6 August 8 August APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


OHS Plan 30 June 14 July 5 August 6 August APPROVED


Resource Efficiency 16 Jun 23 June 21 July
1 August APPROVED
MINOR
COMMENTS


See Item 18 x x x x x x


Seawater Sediment 30 June 21 July 23 July
1 August APPROVED
MINOR
COMMENTS


Groundwater Quality Monitoring 16 Jun 26 June 21 July 1 August APPROVED
Wastewater 1 July 14 July 21 July 1 August APPROVED


Soil 14 July 21 July 28 July
6 August APPROVED
MINOR
COMMENTS


Noise 16 Jun 26 June 21 July


1 August NOT
APPROVED
(Measures for
mitigating marine noise
during construction
missing)


6 August 19 August
APPROVED


Dust and other emissions 17 Jun 3 July 23 July


1 August NOT
APPROVED
(Sensitive receptors
and not just humans,
frequency of
monitoring)


6 August


19 August
APPROVED
MINOR
COMMENTS


Waste 27 June 14 July 28 July


6 August NOT
APPROVED (auditing
waste disposal facilities
before they are
retained)


6 August


19 August
APPROVED
MINOR
COMMENTS


Hazardous materials 4 Jun 25 June 15 July 1 August APPROVED
MINOR
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


COMMENTS
Communicable_Diseases_Baseline 20 June 16 July APPROVED


Communicable_Diseases_WHP 11 July 16 July 28 July
1 August APPROVED
MINOR
COMMENTS


Traffic 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Security 30 June 3 July 21 July 1 August APPROVED


Marine Biodiversity 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Terrestrial Flora and fauna 4 July 21 July 6 August


8 August NOT
APPROVED
(monitoring fauna in
proximity of dumping
area Güzelhisar D and
wetland)


8 August 19 August
APPROVED


Alien Species 30 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Chance Find Procedure 23 July 28 July 5 August 6 August APPROVED








 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 1  


 


 


EMS Documentation 


This Appendix is inentded to represent the Environmental, Health, Safety and Social documentation so 


far in paralell to the preperation of ESIA report.  
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FOREWORD 


 
The purpose of this Manual is to provide an overview of the Integrated Management System (IMS), which 
comprises the Quality Management System (QMS), the Environmental Management System (EMS) and the 
Occupational Health and Safety Management System (OHSMS). 
 
The Integrated Management System comprises all functions such as procurement, design, production, 
maintenance, quality control, sales, stock, delivery, etc., in the process from the procurement of inputs to the 
transportation of merchantable products to customers as well as the units that perform these functions and all 
merchantable and By-Products produced and processes and all activities defined within the Izmir Aliağa complex. 
 
TS EN ISO 9001 Quality Management System, TS EN ISO 14001 Environmental Management System and TS 
18001 Occupational Health and Safety Management System standards were taken as basis in developing and 
documenting the Integrated Management System.  
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1.  INTRODUCTION  


This IMS Manual has been prepared for the activities of the operation phase of the STAR project. The Manual 
has been prepared in line with the already operating PETKİM IMS Manual.  


This IMS Manual is intended to describe the general framework of the Integrated Management System  of STAR 
Rafineri A.Ş: and  should be updated during the upcoming phases of the project to include the actual 
management system requirements associated with the operational activities of STAR Rafineri A.Ş.  
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3 SCOPE AND PURPOSE 


ISO 9001 Quality Management System, TS 18001 Occupational Health and Safety Management System and 
ISO 14001 Environmental Management System standards were taken as references in preparing this IMS.  
 
The purpose of the Integrated Management System (IMS) is to ensure customer satisfaction by increasing 
product quality and efficiency, to minimize the occupational health and safety dangers and environmental risks, to 
prevent unsafe behaviors and conditions and develop in our employees an awareness for occupational health 
and safety, environment and quality.    
 
All employees of the organization have a sense of responsibility for the functioning of the IMS, and they exert due 
efforts for ensuring the purposes and targets of the system are fulfilled.  
 
The IMS Manual covers the policy, the purposes and targets of the system, danger, risk and environmental 
impact assessments, planning and control, the relevant legal requirements, implementation instructions, 
procedures and instructions, emergency preparations and emergency actions.  
 
The IMS Manual is the decisive document of  STAR IMS. 
 
The chapters in this Manual are enumerated with reference to the chapter numbers in the ISO 9001 standard. 
The relevant articles of the ISO 14001 and TS 18001 standards are given as references in the annex cross list. 
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4 INTEGRATED MANAGEMENT SYSTEM  
 
4.1. General Conditions 
 
Star Rafineri A.Ş. is governed with customer oriented, data-centered processes which are comprehensible to all 
employees, whose effectiveness and efficiency have been defined, and which are measured by performance 
indicators. A customer-oriented and process-based Integrated Management System has been developed to 
create the most superior values for all of our stakeholders --our customers, shareholders, suppliers, employees, 
business partners, society.   
 
Our processes have been defined in a two-level structure to fulfill our vision and mission. Our 'Basic Processes' 
which form the highest level within this structure are described as the process which defines the basic 
capabilities that we should have in order to fulfill our vision and mission and which results in the products that 
add value to our customers. Sub Processes consist of the activities performed within the scope of the basic 
processes. Our Process Management System, detailed in the Process Management Procedure, offers a model 
for defining, controlling, ensuring the competitiveness of, and continuously improving the inputs/outputs of the 
processes, their boundaries, the processes they interact, their owners, performance indicators and 
measurement system.    
 
Integrated Management System is meticulously followed within the framework of procurement, storage, design, 
production processes, examination and tests, product delivery and customer satisfaction programs and provides 
inputs for determining short, medium and long term targets as well as for continuous improvement and 
development activities. Duties, powers, authorities and responsibilities of all relevant units for ensuring customer 
satisfaction are defined in the creation and development of the product and service quality. 
 
 
Our basic processes are listed below: 
 
Our Operational Processes:    Managerial/Support Processes    
 
Marketing Management    Human Resources Management 
Sales Realization   Management Systems Management 
Customer Relations Management   Information Resources Management  
Determination of Needs    Financial Resources Management 
Realization of Supply     Strategic Management/Planning 
Supply/Supplier Assessment    Physical Resources Management 
Product, Production Process Development and Capacity Increase 
Production Planning 
Main/By-Product Production 
Auxiliary Materials Production 
Ensuring Production Support and Continuity 
 
4.2 Documentation Conditions 
 
4.2.1. Overview 
 
The documentation structure of our Quality Management is as follows: 
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First Level of Documentation IMS Manual 


Laboratory Manual 
Second Level of Documentation Implementation /Plans/Programs  


 Organization Manual 
Specifications 
 


Third Level Documentation Procedures 
Process Maps, Risk Assessment Tables 
 


Fourth Level Documentation Instructions, Forms,  
 
 
The company will perform its activities in compliance with: 
 
the standards ISO 9001, ISO 14001, TS 18001,  
International Ship and Port Facility Security Code (ISPS)  
the Law on Environment numbered 2872 
Labor Law numbered 4857 and dated 22.05.2003 
and their requirements in order to maintain its activities being conducted in accordance with the TSE and ISO 
standards, laws and regulations, and the and its own requirements.   
 
The IMS Policy, Targets, the IMS Manual, Implementation Instructions, Procedures, Process Maps, Organization 
Manual, Instructions, Risk Assessment Tables, Plans, Programs and other records, stipulated in legal 
requirements and standards will be documented and published to ensure an effective planning, implementation, 
and adequate and timely control.  
Management Representatives are responsible for the management of the IMS as documented in this IMS 
Manual. 
 
Regulations / Implementation Instructions / Organization Manual / Programs and Plans  
(2nd Level Documents) 
Regulations and Implementation Plan/programmes are the documents that specify STAR's general policy and 
approach as well as the principles that must be observed in all matters included / not included in the IMS. The 
IMS Programs, Emergency Response Plans etc. documents are 2nd level documents.  
 
Process Maps, Procedures, Risk Assessment and Instructions (3rd and 4th level documents) 
These two sections of the documentation consist of the process maps, procedures, risk assessment tables, 
waste management plans, instructions information forms on any subject, the documents and record forms 
containing examination and test information about inputs, process controls and products of each production unit, 
which collectively ensure the control and continuity of the IMS practices. These documents are prepared, 
approved and updated by the related units.   
 
Distribution and Archiving 
The documents are mainly managed, accessed and archived digitally using the Document ManagementSystem.  
 
All practices concerning the management of all documents are detailed in the Document Control Procedure.  
 
4.2.2. IMS Manual 
 
The IMS Manual defines the rules and principles concerning the establishment, implementation and 
maintenance of the IMS requirements and relevant legal requirement at STAR Rafineri A.Ş.  
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The IMS Manual is prepared by the STAR Project Management. The manual so prepared will enter into force 
upon revision and upgrade if necessary and approval by the Management Representatives upon operation 
phase. 
 
4.2.3. Control of Documents 
 
The IMS Manual sits at the top of the IMS documentation. Regulations, Implementation Instructions, Procedures, 
Process Maps, Organization Manual, Instructions, Risk Assessment Tables, Plans / Programs (Emergency 
Response Plans, Waste Management Plan, IMS Programs, Legal Requirements Table, Periodical Control Plan, 
etc.), and other documents will be documented and published to ensure an effective planning, implementation 
and adequate and timely control.   
 
At STAR Rafineri A.Ş. , the control of the IMS documents is performed as per the Document Control Procedure. 
The units are responsible for performing the control of the documentations that fall within their areas in 
compliance with the rules and principles set out in this procedure.  
 
The documents are controlled and approved by the people in charge before they are published. The changes to 
any document are subject to the approval of the authority that approved the previous version of that document. 
 
The printouts taken from the computer as well as the copies which are obtained from outside the original 
environment are uncontrolled copies.  
 
External documents: 


• Whether the legislation concerning associated with the procedures is updated, will be monitored in 
compliance with the Legal Requirements Procedures.   
• The updated standards that are taken as basis for the product and service provision will be open to access 
to STAR Rafineri A.Ş. personnel. 


 
Ref: Document Control Procedure         
 Legal Requirements Procedure 


 
4.2.4. Control of Records 
The IMS records consist of all records and documents which may serve as evidence that the IMS and activities 
are effective and the products are produced and services are provided as planned.  
 
The responsibilities and methods for storing all records defined within the scope of the IMS are stored in an 
environment, 


� which is secure, 
� which is easily accessible and monitored by authorized personnel, 
� which fulfills the legal requirements as well as the corporation's management system's requirements, 


and destruction of the records that should no longer be stored are explained in the Control of Records Procedure. 
 
The control of the records related to the IMS will be performed as per the Control of Records Procedure. The 
rules and principles concerning the definition, storage and destruction of the records will be described in the 
procedures related to the processes that form the IMS records.    
 
Notwithstanding the variations depending on the processes, the IMS records are stored and protected by the 
responsible unit for period of at least one year in suitable environmental conditions for preventing their 
deterioration with a view to ensuring that these records may be used as sources in the retrospective studies and 
identifying whether the improvement-centered/corrective actions are needed and ensuring traceability for a 
specified time and obtaining statistical results.   
The records are kept in an easily designated, easily accessible, legible manner and so as to indicate the 
period/date to which they belong.  


Ref. Control of Records Procedure   


 Periodical Control Plan        
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5 MANAGEMENT RESPONSIBILITY  
 
5.1. The Management's Commitment 
Our IMS policy that relies on our mission and vision envisages continuous improvement, compliance with laws 
and regulations, sustainability and openness to the parties concerned by eliminating or minimizing the 
environmental impact resulting from our activities and unsafe working conditions in order to creating the best 
values for the parties concerned.  
 
With a view to developing and implementing the IMS and ensuring continuous improvement of the system's 
effectiveness, STAR's higher management attaches special importance to: 


a) ensuring compliance with legal obligations and customer expectations at all times and in every opportunity,  


b) creating an IMS Policy, which it believes will make positive contributions to the continuous improvement of 
the effectiveness of the IMS, and conveying to all groups of the organization the fact that continuous 
improvement is an inevitable form of behavior within the scope of this policy,   


c) measuring the effectiveness of the IMS,  


d) ensuring that all team members attend the "Management Review" meetings where the effectiveness of the 
IMS is assessed, an these meetings are chaired by the General Director,  


e) providing the resources needed for the effective implementation of the IMS and the realization of the 
products,   


within the scope of the IMS, and provides the resources needed by various units within a specific schedule. 
 
At the Management Review meetings held to ensure the continuity of the compliance, sufficiency and 
effectiveness of the IMS, the vision, the mission, the IMS policy and targets, the IMS programs, the corporate 
performance indicators, the customer expectations, the customer complaints, the results of measurement of 
customer satisfaction are reviewed and the resources needed to fulfill the commitments are specified.   
 


Our vision 
To become a regional power in the petrochemical sector 


 
Our main target: 


To increase percent market share with a sustainable growth 
 


Our mission 
   To be a petrochemical corporation that: 
   is human- and environment-friendly, 
   is open to change, 
   can continually update its technology, 
   aims to fulfill the expectations of its stakeholders in excess, 
   is empowered by participation and creativities of its employees, 
   has a mentality of having sustainable perfection, 


 
Our principles and values 


To ensure customer satisfaction is our number one rule 
A well-developed spirit among our employees and team members is our main driving force 


Our priority is to ensure labor safety and protect the environment 
All of our suppliers are natural members of our team 


        Our integrity relies on our common direction 
It is our job to produce quality 


Exemplary leadership at all levels 
Accountability 


Reliability 
Transparency 


 
 


Ref. Mission, Vision, Principles and Values   
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 IMS Policy   
 Management Review Procedure   
 IMS Program Monitoring Procedure  
 IMS Program   
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5.2. IMS Policy  
INTEGRATED MANAGEMENT SYSTEM (IMS) 
POLICY 
-We, aim to ensure compliance to legal requirements, win the trust of our stakeholders and contribute to 
the sustainable development with the Integration Management System we developed as per our vision, 
mission, principles and values. 
 
In line with this aim, WE UNDERTAKE: 


• to develop system designed to ensure occupational health and safety and prevent work accidents 
in our activities, 


• to be respectful toward human beings and the environment by focusing on the protection of our 
natural environment,  


• to minimize wastes, and increase recycling rate, and use natural resources and energy effectively, 


• to boost cooperation with neighboring facilities, competent authorities and local administrations 
with respect health, security and environmental issues,  


• to be customer-oriented, and ensure continuity in meeting customer expectations,  


• to follow up technological developments and conduct design and improvement studies for our 
products/processes, 


• to get organized for responding to emergencies, 


• to be transparent toward our stakeholders in our practices, 
   


and 
  


to raise awareness in our employees and implement the requirements of ISO 9001, ISO 14001, and TS 
18001 standards with participation of all our employees and continuously improve our compliance with 


these standards. 
 


Effectiveness of the IMS policy will be  reviewed and duly updated at the Management Review meetings taking 
into consideration the final targets and expectations of the corporation and customer needs and legal 
requirements. 
 
The IMS policy will be notified to all employees via internal trainings, meetings and announcements. 


Ref.  


 IMS Policy   
 Management Review Procedure   
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5.3. Planning 
STAR’s higher management will ensure the creation of the measurable IMS targets that are consistent with the 
IMS policy at every department/unit, including the requirements for meeting the product specifications, minimizing 
or eliminating the corporate activities' impact on the environment, and occupational health and safety.  
 
The Targets are proof that the Higher management is determined to implement, sustain and continuously 
improve the IMS. They are reviewed by the relevant departments annually and set out at the Management 
Review meetings or, upon an Higher management decision, at interim meetings, and revised when needed.  
 
5.3.1. IMS Targets 
Our policies and strategies will be reviewed each year. During the review, the environmental study that imparts 
market, rival and stakeholder expectations as well as the self-assessment and corporate performance results are 
assessed, and the expectations of stakeholder representatives are reflected to our corporate strategies via a 
SWOT analysis.  
 
For measurement and assessment of corporate strategies, "Critical Success Factors" and "Performance 
Indicators" that specify how corporate strategies are implemented and how their effectiveness is measured are 
identified. The IMS targets are annual success indicators for the strategies developed to fulfill our vision within the 
scope of the Corporate Performance Management System. The targets for the performance indicators are 
determined by evaluation the realization data related to the budget and previous years.     
 
The Balanced Scorecard method is used for developing corporate strategies and disseminating them within the 
organization. This ensures that the strategies for meeting customer expectations and stakeholders' financial 
expectations are included in the target cards and these strategies are supported with processes and the 
strategies for learning and developing within the scope of the Corporate Performance Management System.  
 
In case of any deviation from the targets, the necessary corrective and preventive actions are launched and the 
reasons of deviation are analyzed. Setting out and monitoring the targets is explained in the IMS Program 
Monitoring Procedure.     
 


Ref. Institutional Performance Management Procedure    
 IMS Program Monitoring Procedure   
 IMS Program    


 
5.3.2. IMS Management System Planning 
The higher management will identify the processes, perform risk analysis concerning the environmental impact, 
and occupational health and safety and plan the IMS and ensure its continuity. The planning of the IMS is part of 
the STAR’s higher management's efforts to determine and plan the corporate strategies. The corporation vision, 
mission and IMS policy are determined and resource planning and allocation is performed accordingly.  
The IMS planning is conducted so as to improve basic knowledge, skills and capabilities and mode of operation 
of the organization taking into consideration the market, customer and stakeholder expectations, sectoral and 
technological developments, success indicators, the date obtained by measuring the process performance 
values, the legal requirements that apply, major environmental impacts, occupational health and safety risks as 
well as opinions of employees and opportunities for improvement.  
 
In this context, the IMS is shaped with procedures, processes and targets. The validation of the integrity and 
effectiveness of the IMS is under the responsibility of the Management Review, Management Representatives 
and the HSE Department. The negative effects that the changes to the IMS may have on its integrity and 
effectiveness are prevented via periodical review, by monitoring performance indicators, and with the effective 
use of internal inspection tools. 
 
IMS Programs will be prepared to perform the IMS requirements and fulfill the IMS targets. The outputs indicating 
the effectiveness and efficiency of the processes are reviewed at the Management Review meetings. The 
resources for the needs which are identified at these meetings are determined.    
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The activities and resource needs that are found out in the risk assessment are used as inputs for the IMS 
programs. The methods used for Environmental Impact and Risk assessment will be explained in the Risk 
Identification and Assessment Procedure.  
 


Ref. Risk Identification and Assessment Procedure  
 Institutional Performance Management Procedure   
 IMS Program Monitoring Procedure 
 IMS Program   
 Management Review Procedure   


 
 
5.4. Responsibility, Authority and Communication 
5.4.1. Responsibility and authority 
 
The Higher management has specified organization charts that show responsibilities and authorities of 
employees, as well as will define job definitions and minimum competence profiles for each position. All 
employees will be allowed to have access to their own job definitions.  
 
In order to ensure that the IMS policy is implemented, monitored and its targets are attained, the Higher 
management will appoint and designate the staff members who have the required training, knowledge and 
experience (Management Representatives, HSE Manager, Management Systems Director, Waste Disposal 
Manager, Energy Manager and Commission members, Occupational Health and Safety Committee Chairman 
and Members, Emergency Response Team, Security Supervisor, Waste Disposal - Liquid and Solid Waste 
Incineration Supervisor, etc.). 
 
The duties, authorities and responsibilities of the staff members so appointed and assigned are described in the 
Organization Manual and relevant system documents. 
 


Ref. Organization Manual    
 OHS Committee Principles Procedure  
 Emergency Management Regulation  
 Energy Management Procedure   
 Integrated Management System  Organization   


 
 
The changes to the structure of the organization are notified to employees using announcements and 
corporation's e-mail system.  
 
In addition to the vertical structure and management, a cross structure and management is also implemented by 
creating the IMS teams and working groups. Participation of our employees in the team work is ensured via 
improvement project teams, self-assessment working groups.  


 
The owners of all processes included in the IMS are responsible for: 
- creating organizations for the work distribution within their own organization, 
- ensuring that employees understand the IMS policy and fulfill its requirements and the practices are 


performed in compliance with the IMS requirements, 
- planning employees' need for training and providing the required training facilities, 
defining, documenting and periodically reviewing the operation of the processes they own, and identifying the 
opportunities for improvement, and solving the problems for interaction with other processes, and making sure 
that the necessary corrective actions are initiated when the process is out of control, and performing the 
necessary changes when needed,  
setting out the process performance indicators and measuring them regularly and ensuring that the process is 
under control and its continuity is guaranteed, 
setting out the process performance targets and ensuring that it is continuously improved, 
- implementing the continuous improvement programs and supporting them with suitable resources, 
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- establishing and maintaining corrective / preventive activity monitoring systems that would eliminate the 
sources of all sorts of problems that may arise in products and/or processes, 


developing and implementing new systems and methods that would maximize customer satisfaction by ensuring 
continuous improvement of product and service quality,  
implementing the Waste Management Procedure and plan, 
creating and maintaining the conditions for working with chemicals and hazardous chemicals,  
- complying with the requirements for being prepared against emergencies as per the Emergency 


Management Regulation and effecting the required improvements after emergencies, 
- for implementing and maintaining the Energy Management Procedure and having it implemented, 
preparing and implementing the plans needed to monitor the OHS and Environment performances and assess 
and improve their results,  
 
The HSE organization that will be a part of the IMS organization is given below. The other parts of the complete 


IMS organization will be defined upon operational phase, 
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STAR HSE ORGANIZATION 
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Coordination and review of the activities concerning the establishment and operation of the IMS, the rapid 
elimination of the identified non-conformances, planning, direction, monitoring and coordination of the activities 
conducted at the units for ensuring compliance with the system standards are provided by the Management 
Systems Directorate and the HSE Manager . 


 
5.4.2. Management Representative 
 
Coordination of the activities concerning the implementation of the IMS, the rapid elimination of the non-
conformances identified, the monitoring and direction of the activities conducted for ensuring compliance with 
the system standards are performed by the Quality Management Representative and the Occupational Health 
and Safety Management Representative. The appointments for these positions will be finalized upon the 
operational phase. 
 
5.4.3 The HSE Organisation 
 
The  Management 
The Management will: 


 
• Provide resources the implementation of the Project Environment, Health, Safety and Social 


Management System described ; 
• Encourage the proactive involvement of all project personnel in executing the management program; 
• Verify that employees are aware of and understand their Environment, Health, Safety and Social 


Management System responsibilities; 
• Oversee Environment, Health, Safety and Social performance of the company activities.  


 
HSE Manager 
 
For the day to day implementation of the management system elements, STAR will appoint a Health, Safety and 
Environment (HSE) Manager reporting to the project management. The HSE Manager will  


• Report to the Management on the H&S performance of the company activities 
• Coordinate the HSE audits on the STAR operational activities. 
• Ensure that the HSE training programme is in place 
• Establish a safety committee representing the various trades. The Committee will meet periodically, to 


discuss safety issues and make recommendations. The Committee shall be involved in site safety 
inspections 


• Monitor the performance of the H&S programme and initiatives introduced throughout the project 
• To liaise with the operations teams to ensure that he is involved and kept informed of all operational 


activities including work method statements and risk risk assessments. 
 
Environmental and Social Officer (ESO) 
 
There will be an Environmental and Social Officer (ESO) for the Project reporting to the HSE Manager in the 
beginning of the pre-construction/site preparation activities.  
The ESO will: 


• Supervise the implementation of overall environmental and social mitigation activities defined by the 
ESMP.  


• Be the START point of contact for Contractors as well as for Project stakeholders including the 
Governmental Authorities, Municipality, NGOs and the local community.  


• Provide Environmental and Social  Administrative support for the HSE Manager 
• Coordinate  and maintain the preparation of plans, procedures, work instructions etc. 
• Manage and audit the personnel under his control and ensure they have the required training. 
• To establish an inspection/audit  scheme and review the results of inspections/audits and identify any 


issues and deficiencies, to be brought to the attention of the management.  
 
A Community Relations Officer (CRO)  
 
The CRO (reporting to the ESO), will act as an interface between STAR, contractors and the local community. 
He/she will function as a focal point for resolution of community complaints and grievances, and will also 
organize required meetings with the national/regional authorities. While implementing the community liaison 
program, he/she will organize meetings with the national and regional authorities on issues related with the 
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project. STAR CRO will provide advice and support to the Contractor CRO about the emerging community 
issues. STAR CRO will record community related issues and report the activities of community liaison.  
 
Auditing Supervisor 
 
The Auditing supervisor will ensure the project works have been audited at routine intervals against the project 
requirements. 
The auditing supervisor will report to the ESO. 
 
Health and Safety Officer 
 
The Health and Safety Officer will; 


• Provide H&S Administrative support for the HSE Manager 
• Coordinate  and maintain the preparation of plans, procedures, work instructions etc. 
• Manage and audit the safety personnel under his control and ensure they have the required training. 
• To establish an inspection/audit  scheme and review the results of inspections/audits and identify safety 


issues and deficiencies, to be brought to the attention of the management.  
• Co-ordinate the investigation of any incident and identify any trends relevant to incident investigations  
• Perform / Update assessments of health risks 
• Prepare the Project Medical Plans and Procedures 
• Review Contractor Plans, Procedures, Work Instructions, Method Statements and Risk Assessments, 


including TSA’s 
 
Health Supervisor 
 
The Health supervisor will: 


• Review the results of inspections of the site to identify health or medical issues and deficiencies, and to 
advise the Health and Safety Officer. 


• With support of contractor Project Medical Services and appropriate subcontractors, coordinate the 
preparation of Health and Medical procedures  for the site preparation phase activities 


• Supervise all health related issues in accordance with subcontractors 
• Monitor and track all personnel Health and Medical issues, associated with the Project  


Safety Supervisor 
 
The Safety Supervisor will: 


• Interpret the requirements of the other H&S Plans, Procedures, Work Instructions etc. for the benefit of 
the Site Managers 


• Confirm with the Site Manager the potential severity of all Incidents, specifically Near Miss incidents 
• Act as a team member of all Incident Investigation committees 
• Participate in Site Audits / Inspections in conjunction with the Project Audit and Inspection Programme 
• Coordinate the training programme for the site safety inspectors 
• Develop, assist and conduct on-site H&S training for all levels of personnel ensuring a consistent  
• Conduct daily H&S inspections of all worksite and storage areas associated with the operational 


activities  
• Collate all Key Performance Indicator data and transmit on a monthly basis  


 
Inspectors and Firefighting Team 
 
They will be directly report to the Safety Supervisor.  
The inspectors will be actively performing the scheduled site inspections and report the findings to the Safety 
Supervisor. 
The Firefighting team will be responsible to take the necessary actions during the fire emergency situations. 
 
5.4.3. Communication and Participation  


 
The communication activities are explained in detail in the Communication Procedure and the form of 
communication in emergencies is detailed in the Emergency Management Regulation.     
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The higher management systematically conveys critical messages such as the vision, mission, principles and 
values, the IMS policy, the corporate targets and the decision concerning the IMS to all employees using the 
communication channels.  
 
Internal communication has a key role in creating a corporate culture. Employees' views and suggestions are 
obtained and evaluated in line with the Suggestion System Procedure. 


 


Ref. Communication Procedure   
 Suggestion System Procedure   
 Emergency Management Regulation   


 
5.5. Management Review 
 
5.5.1. Overview 


The assessment of the effectiveness of the IMS with regard to the specified IMS policy and targets is 
performed and necessary decisions are taken at the Management Review meetings which are chaired by the 
General Director. The records concerning the Management Review are kept by the Management Systems 
Directorate.    
The activities performed at the STAR concerning the Management Review are explained in detail in the 
Management Review Procedure.   


Ref. Management Review Procedure    
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6. RESOURCE MANAGEMENT   
6.1. Provision of Resources 
 
The higher management identifies the resources needed to implement and maintain the IMS and ensure its 
continuous improvement and fulfill customer specifications and increase customer satisfaction and ensure 
environmental and occupational health and safety.  
 


Ref:  
Investment Regulation   
Annual Budget Process   


 
6.2. Human Resources 
 
6.2.1. Overview 
 
It is the management's basic responsibility to boost the organization's effectiveness and efficiency by providing 
training to employees and raising their awareness and improving their proficiencies and ensuring their 
participation.  
The competencies needed in each position are described in job definitions. These proficiencies are used in 
identifying the qualifications for the personnel to be recruited as well as the training needed by the existing 
personnel.  
 
Participation of our employees in the team work is ensured via improvement project teams. Training is provided 
to improve employees' competencies both in technical and non-technical subjects.    
 
6.2.2. Proficiency, Education and Awareness 


 
A competency pool will  be set up for our White Collar personnel, and basic competencies are identified based 
on the corporate policies and strategies, and the level of competencies needed for each position will be  
specified.  
 
The identification of the training employees need for their self-development and improvement of the work 
performances as well as for compliance with legal requirements, the provision of trainings in a planned manner 
and their assessment are performed as per the Identifying, Meeting and Assessing Employees' Training Needs 
Procedure.  
 
Training activities are planned, monitored and assessed electronically at the Training Monitoring System (TMS).     
 
In addition to providing internal and external training to our employees, their participation in conferences, 
seminars, symposiums, licensing meetings, fairs, and visits to customers that relate to their areas is ensured. 
 
Ref.  
Employee Selection and Recruitment Process   
Identifying, Meeting and Assessing Employees' Training Needs Procedure  
  
6.3. Infrastructure 
 
It is one of the major responsibilities of the  Higher management to create the required infrastructure for 
effectively implementing all activities in the processes so that products and services that can meet customer 
expectations are produced or provided.  
 
For the effective and efficient implementation of the activities,  


• buildings and work spaces,  
• all sorts of equipment required for the activities (hardware and software), 
• transportation and communication tools, 


are provided by the Higher management.  
 
Moreover, establishment, maintenance, repair, modification, renovation and backup of  movable and immovable 
inventory stocks, the operation, maintenance and repair of the production machinery, the study, design and 
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implementation of new facilities, office arrangements, the dressing rooms and showers of in-scope (IS) 
personnel, the energy and water management of the facilities, and the operation and maintenance of 
communication equipment are planned and implemented.    
 
In addition to these, fire prevention activities, measures against disasters and establishment of early warning 
systems for the facilities, are also implemented.  
 
The activities conducted for effective response to emergencies are explained in the Emergency Response Plans, 
specified at the Emergency Management Regulation.   
 
Chemical wastes and domestic wastes are collected separately at the specified boxes/cans and disposed as per 
the Waste Management Procedure.   
 


Ref:  


Ensuring Production Support and Continuity Basic Process 
Product, Production Process Development and Capacity Increase Basic Process 
Mechanical Maintenance and Repair Process  
Status Controlled Maintenance Process   
Factory and Complex Planned Maintenance Process  
Emergency Management Regulation    
Waste Management Procedure    
  
 
 


 
6.4. Working Environment 


 
The requirements concerning the working environment are identified and required resources are allocated and 
implemented. In this work, the office equipment and materials, illumination, heating, ventilation, noise, and other 
points are taken into consideration. In addition to these, the security rules, and protective equipment concerning 
the production fields are added to these requirements.  
 
Our corporation is included in the highest risk group given the sector it is operating. Therefore, the selection and 
use of electricity equipment and protective equipment at the factories depending on the chemicals used and the 
types of processes, as well as occupational health and safety and fire prevention measures are taken into 
consideration and factory risk assessments are performed and necessary measures are taken.   
Moreover, there are Emergency Response Plans that belong to each factory in order to manage well the crisis 
resulting from emergencies. 
 
Employees have the opportunity to perform many actions directly using the personal computers (PCs) allocated 
to them and the local network.  
 


 


Ref:  


Risk Assessment Tables   
SEÇ Tables   
Chemical Tables   
Working Clothes and Protective Materials Regulation  
Emergency Management Regulation    
Emergency Response Plans    
Periodical Control Procedure   







 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 23  


 


 
7 PRODUCT REALIZATION 
 
7.1 Planning Product Realization 
 
 
Specific product or production process monitoring, supervision and validation activities are provided in the 
Quality Control Plans and relevant documents.  
 
Production of a new product with a new license or improvement of the production processes of an existing 
product in accordance with customer demands is defined in the key process “Product, Production Process 
Development and Capacity Enhancement”.  
 
The Risk Assessment and Evaluation Procedure describes the implementation principles for the definition and 
evaluation of the environmental aspects and impacts, occupational health and safety hazards and risks and 
reduction of environmental impacts and risk values of refinery activities described under IMS.  
 
Relevant documents and activities are improved in accordance with the risk classes defined in the Risk 
Evaluation Tables in order to ensure sustainability of controlled conditions defined in the tables. 
 


 
Ref. 
       Product, Production Process Development and Capacity Enhancement Key Process 


 Main Product Production Processes  
 Quality Control Plans   
 Quality Control Process    
 Risk Assessment and Evaluation Procedure  


 
7.2. Customer Processes 


This process will be developed upon operational phase and will include the following items: 
 
7.2.1. Identifying Product’s Requirements 
 
7.2.2. Review of Product Related Requirements 
 
7.2.3. Communication with Customers 
 
7.3. Design and Development  


This process will be developed upon operational phase. 
7.4. Procurement 


This process will be developed upon operational phase and will include the following items: 
 
7.4.1. Procurement Process 
 
7.4.2. Procurement Information 
 
7.4.3. Confirmation of the Procured Products 
 
7.5 Production and Service Provision 
 
7.5.1 Control of Production and Service Provision 
 
 
Production planning is carried out in accordance with the needs of customers and by taking into account the 
availability of production plants; then the plan is translated into a production plan. Production is carried out 
according to the monthly programs which are prepared within the framework of this plan; the plan may be 
revised as necessary in accordance with the market and production conditions. 
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Production is carried out within the scope of the key processes Main Product / Byproduct Production and 
Auxiliary Material Production. Production process maps, procedures and work instructions are the main 
reference points of production. 
 
These documents describe the method to be used, the standards to be followed, equipment and materials to be 
used and the required testing, control and acceptance methods. 
 
Production is carried out following verified and accredited processes and by expert staff who have necessary 
qualifications and training. 
 
In order to ensure a secure, well-established, systematic, efficient and continual working environment in the main 
and auxiliary plants, the maintenance and repair activities of the mechanical, electrical instruments and 
equipment are carried out on a regular basis. 
 
For all the products manufactured inspection and tests are carried out in accordance with the Quality Control 
Plan and the acceptability of the results is evaluated. After the products are confirmed as acceptable following a 
series of inspection and tests, they are stored in sales warehouses and / or sales tanks marked as marketable. 
Packaging preferences of customers such as use of plastic, big or palletized packages are always taken into 
consideration in product shipment. 
 
Within the scope of IMS, environmental aspects and occupational health and safety hazards originating from 
production, products and organizational activities have been taken into account. A Risk Assessment and 
Evaluation Procedure, Waste Management Procedure and Periodic Control Procedure have been 
prepared to control and reduce impact. 
 


Ref.  
  Main Product / Byproduct Production Key Process 
  Auxiliary Materials Production Key Process 
  Product Shipment Process      
  Foreign Sales Process      
  Quality Control Plans      
                 Quality Control Process      
  Risk Assessment and Evaluation Procedure    
  Waste Management Procedure     
  Periodic Control Procedure     
 
 
 
7.5.3. Identification and Traceability 
 


This process will be developed upon operational phase.  
 
7.5.4. Customer Property 


This process will be developed upon operational phase. 
7.5.5. Product Preservation 


This process will be developed upon operational phase. 
 
7.6. Control of the Monitoring and Measuring Equipment 
 
STAR will specify the measuring and monitoring equipment which are required for sustainability and compliance 
of inputs, products, environmental performances, occupational health and safety performances and working 
environment are with the legal regulations and standards. 
 
The inspection, measuring and test equipment in STAR will be calibrated in consistency with the expected 
measurement limits at predetermined intervals by nationally or internationally monitored laboratories and etalons. 
 
The devices which are included in Calibration System are classified as Quality Critical Equipment, Calibrators 
and Transfer Calibrators. 
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The Quality Critical Equipment Devices include measuring devices used in measurements and controls which 
have a direct effect on product quality. Devices with higher rates of accuracy which are used in the calibration of 
Quality Critical Equipment are called Calibrators. Similarly, devices with higher rates of accuracy than Calibrators 
and which are used for the calibration of Calibrators are called Transfer Calibrators. Besides, the chemical 
materials named the Standard Materials with a specific period of economic life are used in the calibration of 
certain devices in laboratories in particular. 
 
The Quality Critical Equipment which have a direct effect on the quality within the process and in the laboratory 
will be described one by one. A Calibration Report is prepared and preserved following each calibration 
operation. Each calibration is carried out using transfer calibrators calibrated by certified competent bodies or in 
accordance with documented standards. 
 
Calibrators are calibrated in conditioned laboratories and by trained authorized staff. 
 
 
The practices with respect to the calibration operations of the inspection, measuring and test equipment is 
defined in the Instruction on Calibration Rules. 
 


Ref.  
Instruction on Calibration Rules     
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8.0 MEASUREMENT, ANALYSIS AND IMPROVEMENT 
 
8.1 Overview 
 
The main goal of monitoring and measurement is to analyze the gathered data and determine the root causes in 
problematic areas, to determine the areas that can be improved and to increase the competitive capacity of the 
organization and our Occupational Health & Safety (OHS) and Environmental performance. In this respect, data 
requirements are prioritized, regular data is collected on these priorities which are the main indicators of success 
or failure and the collected data is evaluated using appropriate techniques. 
 
For the purpose of sustainability, the implementation rules in this regard are detailed in the Corporate 
Performance Management Procedure, IMS Programs Procedure, Internal Audit Procedure, Non-
Conformant Product Control Procedure, Non-conformance Control Procedure and Corrective and 
Preventive Actions Procedure. 
 
The compliance of the products with the specifications is confirmed through various measurements, tests and 
controls defined in the very production processes. The process performance indicators are periodically 
measured and analyzed. Within the scope of IMS, environmental and occupational health performances and the 
parameters which are followed in accordance with the Legal necessities are measured and monitored according 
to the Periodic Control Plan. 
 
Internal and external audits are used as means in order to confirm the suitability and efficiency of IMS. The 
findings which are obtained as a result of the audits (non-conformance and suggestions) can be regarded as an 
opportunity for the continual improvement of IMS. 
 
The results of all measurements, tests, controls and audits, internal and external complaints and review results 
are used as an input in the continual improvement efforts. 
 


Ref.    
  Corporate Performance Management      
  Non-conformant Product Control Procedure    
  Non-conformance Control Procedure      
                  Corrective and Preventive Actions Procedure    
               Internal Audit Procedure      
                 IMS Programs Procedure      
 
8.2 Monitoring and Measuring 
 
8.2.1 Customer Satisfaction 
 
This section of the IMS system will be detailed upon operational phase. 
8.2.2. Internal Audit 
 
Internal audits are carried out in order to verify the compliance of IMS with the planned regulations, reference 
standards and legal sanctions and the effective implementation and sustainability of IMS. Internal audits are 
carried out with the Internal Audit Procedure. 
 
By means of internal audits, the compliance status of IMS with the effective legislation is evaluated; necessary 
measures are taken in case deviations are detected. 
 
The Directorate of Management Systems is responsible for the planning and management of the audits. The 
audits which follow established programs are carried out by trained inspectors independent of the activity subject 
to audit by taking account of the status and importance of the activities to be inspected, important environmental 
aspects and important risks, distribution of non-conformances detected within that period, customer complaints 
and changes in process conditions and legal requirements. 
 
Non-conformances and findings detected during the audit and the corrective actions to be carried out are 
reported and monitored. 
 
The result of corrective actions are followed and controlled in accordance with the due dates provided by the 
internal inspectors. 
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Ref.  


Legal Requirements Procedure      
                  Corrective and Preventive Actions Procedure    
                  Internal Audit Procedure       
 
8.2.3 The Monitoring and Measuring the Processes 
 
The IMS processes are monitored and measured through the performance indicators which have been defined 
in the process documents. 
 
The performance of all processes, including the sub processes of production, are monitored and recorded in the 
target cards within the scope of the Corporate Performance Management System. The monitoring and 
measuring results are evaluated in the Management Review Meetings. 
 
The Legal Requirements Procedure is prepared to ensure and sustain compliance of IMS with the legal and 
other requirements. The evaluation of compliance is carried out within the framework of the Legal 
Requirements Table and Periodic Control Plan. 
 
The performance of the processes which are managed through main system applications are measured via 
application programs and the records are kept in the relevant systems. 
 
All process owners in IMS is responsible for documenting their own process, preparing the relevant operational 
instructions and for process improvement through constant monitoring. The main approaches are defined in the 
Process Management Procedure and the Process Performance Evaluation Procedure which serve as a 
guide. 
 
Effective control is ensured through readings of the process measurement / control devices which are located in 
the panel room within the main and auxiliary enterprises and in other locations and the laboratory analyses of 
product samples. According to the values read from the devices and to the results of laboratory analyses, 
necessary measures precautions are taken in advance to prevent non-conformances in production from 
affecting the subsequent phases. This way, the process is kept under control. 
 
The measurement intervals and objectives aimed at controlling the sub-processes of production are specified in 
the production work instructions in the Quality Control Plan (QCP). The respective evidence is included in the 
inspection and test and in the Quality Control System located in the main system and in the test registration 
forms. The process values are kept in the process value registration forms, shift logbooks, daily instruction book 
and in the systems of DCS and SCADA. 
 


Ref.  
Corporate Performance Management      


  Process Management Procedure      
  Legal Requirements Procedure      
  Process Performance Evaluation Procedure    
  Periodic Control Procedure      
 
8.2.4. The Monitoring and Measuring of Product 
 
This section of the IMS will be detailed upon operational phase.  
8.3 Control of Non-Conformant Products / Non-Conformances 
 
Errors, accidents, near-misses and health services are evaluated in the activities which are defined within IMS 
system for the purpose of quality assurance, detection and elimination of OHS related and environmental 
accidents and other non-conformances, prevention of recurrence and improvement of the system performance. 
In case accidents, incidents, inappropriate circumstances happen and / or that potential danger sources are 
detected, action is taken in accordance with the principles defined in Non-conformance Control Procedure 
and necessary corrective and preventive actions are implemented. 
 
The roles, responsibilities and scenarios in emergencies, unexpected events and accidents and response 
requirements are described in the Emergency Management Regulation, Emergency Response Plans and 
Non-Conformance Control Procedure. 
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Ref.  
              Corrective and Preventive Actions Procedure    
  Non-Conformant Product Control Procedure    
  Non-Conformance Control Procedure      
               Emergency Management Regulation     
  Emergency Response Plans      
 
 
8.4 Data Analysis 
 
 
STAR determines, collects and analyzes appropriate data in order to monitor the efficiency and conformance of 
IMS and to identify the weaknesses, opportunities and strengths. 
 
The data collected under the headings of IMS objectives, products, environment and OHS realizations are 
evaluated in a holistic manner and checked against any inconsistency or discrepancy. Root causes of the 
problems are analyzed. 
 
The evaluation of the data with respect to product quality and environmental and occupational health and safety 
are explained in detail in the Corporate Performance Management Procedure, Process Performance 
Evaluation Procedure, IMS Programs Procedure and Periodic Control Procedure. 
 
The main sources of data which are used to determine the current situation and trends and to specify the 
improvement opportunities are as follows: 
 
The performance indicators which are monitored under the Corporate Performance Management System, 
Process performance and product quality information, 
The cost reduction teams, the activities of energy commission and the improvement activities of other units in 
the plants, 
Results of self-assessments and the progress of ongoing improvement activities, 
Results of customer, staff and supplier satisfaction surveys, 
Audit results (internal audits, audits by certification bodies, customer audits), 
Customer feedback (complaints, expectations, satisfaction etc.), 
Results from the Suggestion System , 
Corrective and preventive actions, 
Planned changes which can affect IMS and the changes in standards, 
The pending subjects from previous meetings, 
Changes including developments in legal and other requirements concerning environmental aspects and OHS, 
Notices, complaints and suggestions from the related parties and / or stakeholders, 
The results of emergency exercises, 
Results from the accidents, incidents and non-conformances and the level of success in OHS and environmental 
practices, 
Significant environmental impacts and risks with respect to environmental aspects and OHS. 
 
The relevant process owner is responsible from the method of analyzing the collected data and the statistical 
methods and quality instruments to use. The Process Performance Evaluation Procedure and Process 
Management Procedure have been prepared in order to provide guidance in data analysis. 
 


Ref.  
IMS Programs Procedure    


  Periodic Control Procedure   
  Corporate Performance Management   
  Process Performance Evaluation Procedure 
  Process Management Procedure     
 
8.5 Improvement 
 
8.5.1 Continual Improvement 
 
The data collected in accordance with the sources and methods stated above, the continual improvement and 
sustainability of IMS performance and compliance with the governing laws and regulations are followed up by the 
Management Review meetings. 
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As also stated in our IMS Policy, we review our corporate strategies and IMS programs on a yearly basis in 
keeping with our approach “It is the responsibility of all STAR employees to ensure ‘Excellence’ through 
continual improvement.” In this regard the strategies aimed at continual improvement, critical success factors 
and performance indicators are identified. The strategies are disseminated and tracked with the target cards. 
 
All the target card holders are responsible for allocating the required resources with respect to their targets and 
for developing and implementing improvement plans. Our common practices include the team efforts on change 
and improvement projects and cost reduction in the plants and auxiliary enterprises, the Suggestion System and 
the Yellow and White Card practices. 
 
8.5.2. Corrective Action 
 
In STAR, any deviation from the activities and controls which are defined within the scope of IMS, any 
inconsistency with the legal requirements and any circumstance which results in a deviation and / or has an 
adverse effect on customer satisfaction, product quality, costs, operational time, environment, related parties or 
occupational safety is considered a non-conformance. As appropriate, corrective action is taken to prevent 
recurrence of non-conformances. Corrective actions are regarded as a means of improvement. 
 
In STAR, procedures for identifying and implementing relevant corrective actions needed to examine and 
eliminate and non-conformance and for detecting potential causes of non-conformance and implementing 
necessary corrective actions have been defined under the Integrated Management System. 
 
The corrective actions in place in STAR are carried out for the following reasons and after any other non-
conformance which is not listed above: 
 
Non-conformances which are detected as a result of the analysis and evaluation of the process performance 
indicators, 
Customer complaints and requests, 
Non-conformant product records which are detected by the implementers under the Integrated Management 
System, 
Records of non-conformances, accidents and incidents, 
Legal requirements, 
Internal audits, 
External audits carried out by external organizations (Audit bodies or customers), 
The evaluation of Staff Satisfaction Survey (SSS), 
The evaluation of Customer Satisfaction Survey (CSS), 
Management review meeting, 
Any non-conformance detected during product control, 
The high risk areas which are detected as a result of risk assessment. 
 
Any non-conformance which is detected during internal audits is eliminated within the audit mechanism itself. In 
the case of other non-conformances, the reasons of non-conformance are investigated by the relevant unit and 
the causes of non-conformance are eliminated through corrective actions. 
 
Each department manager is responsible for determining the corrective and preventive actions which will 
discontinue and eliminate the cause(s) of any problem/non-conformance emerging in their area of work and 
arising from erroneous practices within or outside their department. The managers are also tasked with 
designating responsible individuals and following up and resolving such problems or non-conformances. 
 
The procedure related to the corrective actions is defined in the Corrective and Preventive Actions 
Procedure. 
 
The corrective and / or preventive measures that are taken are always proportional to the magnitude of the 
problem and the risk. In case that any procedure is changed as a result of the measures, the change itself and 
the corrective or preventive actions which have led to the change are explicitly stated in the update remarks of 
the relevant procedure. 
 
8.5.3 Preventive Actions 
 
In STAR any deviation from the activities and controls which are defined within the scope of IMS, any 
inconsistency with the legal requirements and any circumstance which results in a deviation and / or has an 
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adverse effect on customer satisfaction, product quality, costs, operational time, environment, related parties or 
occupational safety is considered a non-conformance, and preventive action is taken to prevent occurrence. As 
appropriate, corrective action is taken to prevent recurrence of non-conformances. Preventive actions are 
regarded as a means of improvement. 
 
Preventive Actions refer to activities carried out in order to foresee potential non-conformances under the 
Integrated Management System, investigate potential causes and eliminate those causes. Recommendations 
with respect to the preventive actions are evaluated under the coordination of process owners. Afterwards, the 
feasibility of the recommendation and the method of implementation are determined.  
 
Each department manager is responsible for determining the preventive actions which will the cause(s) of any 
(potential) non-conformance emerging in their area of work and arising from erroneous practices within or 
outside their department. The managers are also tasked with designating responsible individuals and following 
up and concluding the actions. 
 
The procedure related to the preventive actions is defined in the Corrective and Preventive Actions 
Procedure. 
 


Ref.   
Corrective and Preventive Actions Procedure   


  Non-Conformance Management Procedure   
  Risk Assessment and Evaluation Procedure   
      Suggestion Procedure      
  IMS Programs Procedure      
  Periodic Control Procedure      
  Corporate Performance Management      
  Process Performance Evaluation Procedure    
 
TS EN ISO 9001:2009 – TS EN ISO 14001:2005 – TS 18001:2008 Cross List 
 


TS EN ISO 9001:2009 TS EN ISO 14001:2005 TS 18001:2008 


Item No Item No Item No 
Introduction - Introduction - Introduction 0 
Overview 0.1 - - - - 
Process Approach 0.2 - - - - 
Link with ISO 9004 0.3 - - - - 
Compatibility With Other 
Management Systems 0.4 - - - - 


- - - - - - 
Scope 1 Scope 1 Scope 1 
Overview 1.1 - - - - 
Implementation 1.2 - - - - 
Referred standards and / or 
documents  2 Referred standards 


and / or documents 2 Referred standards 
and / or documents 2 


Terms and definitions 3 Definitions 3 Terms and 
definitions 3 


- - - - - - 


Quality Management System 4 EMS Requirements 4 
OHS Management 
System 
Requirements 


4 


General Requirements 4.1 General 
Requirements 4.1 General 


Requirements 4.1 


- - - - - - 
Documentation 
Requirements 4.2 Documentation 4.4.


4 Documentation 4.4.4 


Overview 4.2.1 - - - - 
Quality Manual 4.2.2 - - - - 


Document Control 4.2.3 Document Control 4.4.
5 


Document and Data 
Control 4.4.5 


- - - - - - 
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TS EN ISO 9001:2009 TS EN ISO 14001:2005 TS 18001:2008 


Item No Item No Item No 


Control of Records 4.2.4 Control of Records 4.5.
4 Control of Records 4.5.4 


- - - - - - 
Management responsibility 5 - - - - 


The Commitment of the 
Management 5.1 


Environmental 
Policy 4.2 OHS Policy 4.2 


Resources, Duties, 
Responsibility and 
Authority 


4.4.
1 


Resources, Duties, 
Responsibility, 
Accountability and 
Authority 


4.4.1 


Customer Focus 5.2 


Environmental 
Aspects 


4.3.
1 


Definition of Hazard, 
Risk Evaluation and 
Identification of 
Controls 


4.3.1 


Legal and Other 
Requirements 


4.3.
2 


Legal and Other 
Requirements 4.3.2 


Quality Policy 5.3 Environmental 
Policy 4.2 OHS Policy 4.2 


Planning 5.4 Planning 4.3 Planning 4.3 


Quality Objectives 5.4.1 Goals, Objectives 
and Programs 


4.3.
3 


Goals, Objectives 
and Programs 4.3.3 


- - - - - - 
Planning of Quality 
Management System 
 


5.4.2 Goals, Objectives 
and Programs 


4.3.
3 


Objectives and 
Programs 4.3.3 


Responsibility, Authority and 
Communication 5.5 - - - - 


Responsibility and Authority 5.5.1 
Resources, Duties, 
Responsibility and 
Authority 


4.4.
1 


Resources, Duties, 
Responsibility, 
Accountability and 
Authority 


4.4.1 


- - - - - - 


Management Representative 5.5.2 
Resources, Duties, 
Responsibility and 
Authority 


4.4.
1 


Resources, Duties, 
Responsibility, 
Accountability and 
Authority 


4.4.1 


- - - - - - 


Internal Communication 5.5.3 Communication 4.4.
3 


Communication, 
Participation and 
Consultation 


4.4.3 


Management Review 5.6 Management 
Review 4.6 Management Review 4.6 


Overview 5.6.1 


Management 
Review 4.6 Management Review 4.6 


- - 
Review Input 5.6.2 
- - 
Review Output 5.6.3 
Resource Management 6 - - - - 


Resources Allocation 6.1 
Resources, Duties, 
Responsibility and 
Authority 


4.4.
1 


Resources, Duties, 
Responsibility, 
Accountability and 
Authority 


4.4.1 


Human Resources 6.2 


Expertise, 
Education and 
Awareness 


4.4.
2 


Training, Awareness 
and Competence 4.4.2 


Overview 6.2.1 
- - 
- - 
- - 
- - 
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TS EN ISO 9001:2009 TS EN ISO 14001:2005 TS 18001:2008 


Item No Item No Item No 
Competence, awareness 
and training 6.2.2 


Infrastructure 6.3 
Resources, Duties, 
Responsibility and 
Authority 


4.4.
1 


Resources, Duties, 
Responsibility, 
Accountability and 
Authority 


4.4.1 


- - - - - - 
- - - - - - 
Working environment 6.4 - - - - 
      
- - - - - - 


Product Realization 7 Practices and 
Activities 4.4 Practices and 


Operation 4.4 


The Planning of Product 
Realization 


7.1 
 


The Control of 
Activities 


4.4.
6 Operational Control 4.4.6 


- - - - - - 
- - - - - - 
- - - - - - 
- - - - - - 
Processes related to 
Customers 7.2 - - - - 


Identification of Product 
Requirements 7.2.1 


Environmental 
Aspects 


4.3.
1 


Definition of Hazard, 
Risk Evaluation and 
Identification of 
Controls 


4.3.1 


Legal and Other 
Conditions 


4.3.
2 


Legal and Other 
Conditions 4.3.2 


Control of Activities 4.4.
6 Operational Control 4.4.6 


- - - - - - 


Review of Product 
Requirements 7.2.2 


Environmental 
Aspects 


4.3.
1 


Definition of Hazard, 
Risk Evaluation and 
Identification of 
Controls 


4.3.1 


Control of Activities 4.4.
6 Operational Control 4.4.6 


- - - - - - 
- - - - - - 
Design and Development  7.3 - - - - 
Design and Development 
Planning 7.3.1 


Control of Activities 
4.4.
6 
 


Operation Control 4.4.6 


- - 
Design and Development 
Inputs 7.3.2 


- - 
- - 
- - 
Design and Improvement 
Outputs 7.3.3 


- - 


Control of Activities 4.4.
6 Operational Control 4.4.6 


- - 
Review of Design and 
Improvement  7.3.4 


- - 
The Verification of Design 
and Development  7.3.5 


The Validation of Design and 
Development  7.3.6 


- - 
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TS EN ISO 9001:2009 TS EN ISO 14001:2005 TS 18001:2008 


Item No Item No Item No 
- - 
- - 
Control of Design and 
Development Changes 7.3.7 


Procurement 7.4 - - - - 
Procurement Process 7.4.1 


Control of Activities 4.4.
6 Operational Control 4.4.6 


- - 
- - 
- - 
Procurement Information 7.4.2 
Verification of Procured 
Product  7.4.3 


- - 
- - 
Production and Service 
Provision 7.5 - - - - 


Control of Production and 
Service Provision 7.5.1 


Control of Activities   4.4.6 


- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
Validation of Processes for 
Production and Service 
Provision 


7.5.2 


- - 
Identification  and 
Traceability 7.5.3 


- - 
Customer Property 7.5.4 
- - 
Product Preservation  7.5.5 
  
Measurement, Analysis and 
Improvement 8 Controlling 4.5 Control 4.5 


Overview 8.1 Monitoring and 
Measuring 


4.5.
1 


Performance 
Measuring and 
Monitoring 
 


4.5.1 


- - - - - - 
- - - - - - 
Monitoring and Measuring 8.2 - - - - 
Customer Satisfaction 8.2.1 - - - - 
- - - - - - 


Internal Audit 8.2.2 Internal Audit 4.5.
5 Internal Audit 4.5.4 


- - - - - - 
- - - - - - 
- - - - - - 
- - - - - - 
- - - - - - 
Monitoring and Measuring of 
Processes 8.2.3 Monitoring and 


Measuring 
4.5.
1 


Monitoring and 
Measuring 4.5.1 
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TS EN ISO 9001:2009 TS EN ISO 14001:2005 TS 18001:2008 


Item No Item No Item No 
Evaluation of 
Conformance 


4.5.
2 


Evaluation of 
Conformance 4.5.2 


- - - - - - 


The Monitoring and 
Measuring of Product 8.2.4 


Monitoring and 
Measuring 


4.5.
1 


Monitoring and 
Measuring 4.5.1 


The Evaluation of 
Suitability 


4.5.
2 


The Evaluation of 
Suitability 4.5.2 


      
      


Non-conformant Product 
Control 8.3 


Emergency 
Preparedness and 
Response 


4.4.
7 


Emergency 
Preparedness and 
Actions to Take 


4.4.7 


Non-conformance, 
Corrective and 
Preventive Action 


4.5.
3 


Non-conformance, 
Corrective and 
Preventive Actions 


4.5.3.2 


- - - - - - 
- - - - - - 
- - - - - - 
- - - - - - 


Data Analysis 8.4 


Monitoring and 
Measuring 


4.5.
1 


Monitoring and 
Measuring 4.5.1 


Non-conformance, 
Corrective and 
Preventive Action 


4.5.
3 


Non-conformance, 
Corrective and 
Preventive Actions 


4.5.3.2 


- - - - - - 
Improvement 8.5 - - - - 


Continual Improvement 8.5.1 


Environmental 
Policy 4.2 OHS Policy 4.2 


Goals, Objectives, 
Programs 


4.3.
3 


Objectives, 
Programs 4.3.3 


Management 
Review 4.6 Management Review 4.6 


- - - - - - 
- - - - - - 


Corrective Action 8.5.2 
Non-conformance, 
Corrective and 
Preventive Action 


4.5.
3 


Non-conformance, 
Corrective and 
Preventive Actions 


4.5.3.2 


- - - - - - 
- - - - - - 
- - - - - - 
- - - - - - 


Preventive Action 8.5.3 
Non-conformance, 
Corrective and 
Preventive Action 


4.5.
3 


Non-conformance, 
Corrective and 
Preventive Actions 


4.5.3.2 


- - - - 


Accidents, Incidents, 
Non-conformances, 
Corrective and 
Preventive Actions 


4.5.3 


- - - - Investigation of 
Incidents 4.5.3.1 
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RISK ASSESSMENT PROCEDURE 
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1 OBJECTIVE 
 


The objective of this procedure is to determine the potential damage / effects of STAR’s all continuous and 
discontinuous activities and emergencies on environment, health, safety, property and prestige, to define risk 
values and keep them under control in a way which will create minimum damage / effect and / or define the 
application principals with regard to the required corrective / preventive actions for the complete elimination of 
those values. 
 
2. SCOPE AND FIELD OF APPLICATION 
 
It covers the whole Aliağa Complex area and all the activities that units carry out.  
 
3. DEFINITIONS 


 


Hazard: It is the source or situation which may result in the injury and sickness of people and damage to 
property, equipment and working environment or altogether. 
 
Environmental Aspect: It is the elements, which can interact with environment, of an institution whose 
activities, products or services can interact with environment. (Significant environmental aspect has or may have 
a significant environmental effect.) 
 
Risk: It is the combination of the probability of a dangerous incident or exposure state with the level of 
seriousness of injuries or impairments of health which incident or exposure state may cause. 
 
Accident: It is the undesirable circumstances which may lead to death, sickness, injuries, material damage or 
other damages.  
 
RA: Risk Assessment: It is the process used for estimating the magnitude of risk caused by dangers and for 
determining whether the risk is acceptable or not (whether to put up with risk or not) by taking the proficiency of 
current controls into account. 
 
Acceptable / Tolerable / Unimportant Risk: It is the risk reduced to a level that institution can tolerate 
according to legal obligations and its own policy. 
 
Environment, Health, Safety and Creature Performance: It is the measurable results that institution gets in 
risk management. 
 
Corrective Action: It is the action carried out to eliminate the reason of a detected nonconformity or another 
undesirable condition. The aim is to avoid repetition of nonconformity. 
 
Preventive Action: It is the action carried out to eliminate the reason of a potential nonconformity or another 
undesirable condition. The aim is to avoid the first instance of nonconformity. 
 
Waste: It is the materials and objects that owner want to dispose or need to be disposed. 
 
MSIF: Material Safety Information Form 
  
IMS: Integrated Management System 
 
RA: Risk Assessment 
 
CPA: Corrective / Preventive Actions 
 
Yellow Card: OHS Warning Form (all employees) 
 
White Card: OHS Inspection Report (Out of Scope personnel) 
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PIS Team: It is the working group, comprising of different section / unit / plant officials, which is responsible for 
the establishment, execution and continual improvement of Integrated Management System. 
 
Risk Assessment Team: It comprises of HSE Manager, Environmental and Social Officer, Health and Safety 
Officer, Safety Supervisor, Health Supervisor, Technical Safety official, Fire Safety supervisor, on-site doctor and 
Management Systems representative along with the PIS team member, related plant / unit administrator and 
manager of the area where risk assessment will be carried out. 
 
4. RESPONSIBILITIES 


 
HSE Manager and Management Systems (MS) Director 


• To determine the areas where risk assessments will be carried out, 
• To form PIS team and keep it up-to-date, 
• To form risk assessment teams, 
• To monitor the fulfillment of procedure requirements, 
• To ensure companywide integration of risks in all areas, 
• To determine the improvement actions to be carried out in high risk areas in cooperation with unit 


managers. 
 
 HSE Manager  


• To document and share the accident information happening in and out of company, 
• To share external inspection results, 
• To support and control Risk Identification studies, 
• To participate in Risk Assessment, 
• To prepare IMS Programs. 


 
 Unit Managers / Plant Administrators 


• To support and control Risk Identification studies, 
• To participate in Risk Assessment, 
• To check the up-to-datedness of sources used in Risk Identification, 
• To approve Waste Inventory, 
• To participate in determination of the improvement actions to be carried out in high risk areas and 


supervise the studies in areas of his or her responsibility. 
• To keep a record of accident records. 


 
 PIS Team 


• To execute Risk Identification study in areas of their responsibility and determine hazards / magnitudes 
and damages / effects of all activities associated with the area of their responsibility, 


• To raise the awareness of employees on Integrated Management System (IMS) in areas of their 
responsibility and ensure their participation in Risk Identification studies, 


• To ensure the up-to-datedness of Risk Identification Tables in Quality System, 
• To take part in Risk Assessment team, 
• To ensure the up-to-datedness of sources used in Risk Identification, 
• To ensure the up-to-datedness of Waste Inventory, 
• To participate in determination of the improvement actions to be carried out in high risk areas and 


supervise the studies in areas of their responsibility. 
 
 Risk Assessment Team 


• To complete risk assessment by examining the hazard / magnitude and damage / effects determined for 
activities and sub activities on site. 


 
 All employees 


• To write yellow / white cards, 
• To carry out their works in a way determined by such written documents as IMS Policy, IMS Manual, 


related procedures and working instructions, MSDS  and / or in a way thought as an occupational safety 
principal in trainings, 


• To take precautions specified within risk assessment activities, 
• To implement environmental, occupational health and safety programs. 
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•  
5. IMPLEMENTATION 


 
1.   A working group is formed out of PIS team member, related plant / unit administrator and manager of 


the area where risk assessment will be carried out along with the related Out of Scope and Within 
Scope employees. Environmental and Technical Safety Directorate, Environmental Unit official, 
Technical Safety official, Fire Safety official, on-site doctor and Management Systems representative 
can also be invited to the group if required. 


 
2.    The activities are ranged by this working group as activity and sub activity in accordance with work flow 


/ implementation order. 
 
In determination of activities, all waste generation points and all activities including continuous, discontinuous 
and emergency ones should be taken into consideration. 
The determined activities and sub activities are written in the related column of Risk Assessment Form. 
 


3.   Sub activities are classified as follows: 
� Routine: “Continuous” activities, 
� Non-routine: “Discontinuous” activities, 
� “Emergency”: Activities taken against emergencies. 


These results are recorded with an “X” in related columns of Risk Assessment Form. 
 


4.    “Hazard / Magnitude” and “Damage / Effect” evaluation is made for each activity – sub activity written 
by working group. 


 
After all activities are written down, the following are determined: 


• The environmental aspects and effects of those aspects of activities in terms of environmental 
analysis, 


• The hazards of work carried out and potential damages of those hazards in terms of 
occupational health and safety. 


 
5.    For an efficient “Hazard / Magnitude” and “Damage / Effect” evaluation, working group carries out its 


studies taking the following into consideration: 
• IMS survey results, 
• Yellow / white card notifications, 
• Raw material, product and by product specifications, 
• Building, facility and infrastructure plans, 
• Accessibility of electrical and water installation and infrastructure, 
• Such natural effects as earthquake, flood, storm and lightning, 
• MSDS of chemicals used, 
• Legislations. 


 
“IMS Survey” can be applied by risk assessment team during risk analyses. The survey has been designed 
within the scope of risk assessment studies for taking the opinions of employees and for presenting risky 
activities, wastes, environmental effects that they observe within or out of their departments and solution 
suggestions if there is any. 
 
Besides, by ensuring employees to fill yellow / white cards within the year it is aimed to keep risks under control 
and ensure employee participation. 
 


6.    After the Risk Assessment Tables prepared get approved by Plant Administrator and Unit Manager in 
main and auxiliary plants; and by Unit Manager in other units they are submitted to Risk Assessment 
Team members. 


 
7.    Risk Assessment Table is prepared by the same working group carrying out risk assessment in line 


with the opinions received from Risk Assessment Team members. The final version of Risk Assessment 
Table is submitted to Risk Assessment Team members. 


 
8.    With the coordination of Management Systems Directorate, risk assessments are reviewed with Risk 


Assessment Team at least once in 2 years. 
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In case risk assessments are updated in circumstances specified in 13th step, Risk Assessment Team members 
are informed with regard to the update by PIS official. 
 


9.    In risk assessment studies, Risk Assessment Team members and the related plant administrator / unit 
manager see the records in Risk Assessment Table on site the day before scheduled meeting. 


 
On the day of risk identification meeting, Risk Assessment Team comes together and then risk values are 
determined in accordance with the Risk Value Identification Instruction in Risk Assessment Table. 
 


10. After the completion of assessment, the risks in “Red” zone of “Risk Assessment Matrix” are of first 
priority risks; and the ones in “Yellow” zone are of second priority risks where Corrective / Preventive 
Action or improvement is expected to be launched accordingly and which need to be kept under control 
until fulfillment of those actions. 


 
The studies to be carried out with regard to the activities with high risk are inserted into “IMS Program” by 
Management Systems Directorate. For significant environmental effects and risks detected, it is the 
responsibility of related Directorates to launch and track Corrective / Preventive actions and to monitor 
afterwards. 
 


Importance Range Importance Level Action 


Red zone Highly Important Requires action of first priority. 


Yellow zone Important Requires action of second priority. 


Blue zone Unimportant 
Requires no action. Control methods are 
continued to be effectively carried out. 


 
11. After the completion of activity carried out in accordance with IMS Program, risk value is calculated 


again and Risk Assessment Table is updated accordingly in order to realize the efficiency of the 
precaution taken by Risk Assessment Team. The risk value is expected to decrease after the precaution 
taken. Otherwise, a second action is taken to decrease risk value. 


 
12. “Health – Safety – Environment (HSE) Tables” are prepared by the relevant unit PIS official with regard 


to the circumstances detected in risk assessments and the things to be watched out by employees 
during their activities. The tables formed as a control action and where the points to be paid attention in 
terms of environmental, occupational health and safety are emphasized are hanged on visible points. 


 
13. Update of risk assessments 


 
• Completion of Corrective / Preventive action 
• Process changes 
• Material changes (Raw material and etc.) 
• New equipment procurements or equipment sell offs 
• Product changes 
• Scope change 
• Environmental Accidents 
• Occupational Accidents 
• Any change in related legal obligations to effect assessment 
• Transformation to a new type of energy 


 
In such cases as mentioned above, risk value is calculated for the second time in a joint work with Risk 
Assessment Team by carrying out another risk assessment study on new case. Risk Assessment Form is 
updated in Quality System.  
 
All risk assessment studies are reviewed with Risk Assessment Team at least once in 2 years. 
 
6. RECORDS 
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The records of Risk Assessment Tables and Corrective / Preventive Action Forms are preserved in Quality 
System environment in accordance with Record Control Procedure. 
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TRAINING AND AWARENESS PROCEDURE 
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1 PURPOSE 
The purpose of this procedure is to increase the quality and effectiveness of training services delivered in STAR; 
identify, plan out and meet the training needs of employees in their fields of work for improved competency and work 
performance; and lay down principles used to evaluate their activities.    
 
2- SCOPE AND AREA OF APPLICATION  
 
This procedure covers all kinds of training delivered to the staff both inside and outside the Company and is applied to 
all the employees.  
 
Trainings are delivered in line with the vision, mission, principles and values of STAR, taking into consideration 
the competencies and the agreed strategies.  
 
Human Resources, managers, employees and suppliers all assume active responsibilities in achieving success 
in trainings.    
 
Managers talk to the employees with a view to identifying their training needs. In addition, they monitor the 
delivery of the planned trainings as well as measurement of their efficiency.  
 
Human Resources Development plans out the training activities and ensures that these trainings are duly 
delivered. Besides, it follows up their efficiency and gives feedback. It further monitors the performance of 
employees in relation to the training practices and their results.   
 
Expectations of STAR and employees are taken into consideration in planning out the training activities and 
carrying out such activities. Resources are used effectively and efficiently. Suitable and useful suppliers get 
involved in the activities.  
 
Suppliers make sure that trainings that they are in charge of are delivered in an effective and efficient manner. 
They follow up the activities and give feedback.  
 
Whatever the conditions are, trainings and developmental activities are not interrupted. All the employees are 
given an opportunity for development. Employees are encouraged to take responsibility for their self-
development.  
 
3- DEFINITIONS 
 
Directorate General 
Annual Training Scheme is put into effect upon the approval of the Directorate General. Scheduled and un-
scheduled trainings with a particular budget which will be outsourced are delivered following the approval of the 
Directorate General.  
 
 
Human Resources  
This is the authorised body for all the trainings delivered under this regulation. The department manages all the 
training activities. It is responsible for planning out the training and developmental needs of the employees as well as 
implementing, monitoring and evaluating the training schemes.  
 
Employee Manager 
The employee manager responsible for identifying and planning out the training and developmental needs of the 
employees as well as implementing and monitoring the effectiveness of the training schemes. The manager gives 
feedback to the employees in identifying their training needs. He/she attends every training-related meeting he/she 
has been invited to in relation to his/her employees. In addition, he/she encourages the employees to transfer those 
benefits they have obtained from the training to the professional life.      
 
Employee 
Employees are responsible for identifying their training needs and attending the training courses scheduled for themes 
well as learning the information delivered in the training and turning this information into positive behaviour in the 
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workplace. They transfers all those benefits they have obtained in the trainings and developmental activities to the 
professional life. Besides, they share such benefits with colleagues.     
 
Training Monitoring System (TMS): 
This refers to a system in which requests for trainings and developmental activities are received, training 
schemes are formulated, training activities are monitored, effectiveness of the trainings is measured and the 
related records are kept.  
 
Training Catalogue: 
This covers topics of the trainings and developmental activities for the employees. It is found in TMS. Trainings 
are categorized in different groups according to their topics. Those groups which are not available in the 
catalogue are added by the Human Resources.  
 
Suppliers of Training: 
Training suppliers are the implementers of trainings for employees Human Resources assigns competent 
suppliers from internal sources for delivering trainings. Suppliers give the required support in implementing the 
training and developmental schemes for the employees. Trainings and developmental activities are carried out 
using the determined means, methods, contents and approaches. Trainings are delivered according to the 
schemes that have been introduced.       
 
The Supplier should: 
 


• meet the company’s expectations and be flexible.  
• have the ability to present means, methods and solutions that will meet the company’s expectations. 
• be able to present local and international case studies. 
• compile comprehensive documentation that will support the employees in training. If he/she notices that 


the selected means of training is not suitable for the objectives, he/she must be able to come up with a 
new suitable means of training. 


• offer such solutions that will meet the expectations. 
• report and present the benefits of the training. 


 
 
Trainings and Developmental Activities Based on their Sources   


 


Training Delivered by External Sources:  


This is the training delivered by specialised external suppliers form outside the Company. Such training may be 
delivered by means of seminars, courses, congresses, conferences, trainings abroad, presentations, interviews, 
meetings, forums, workshops or training-oriented fairs.  
 
Training Delivered by Internal Sources:  


This is the training delivered by STAR employees. Such training may be delivered by means of seminars, courses, 
congresses, conferences, presentations, interviews, meetings, forums or workshops.  
 
On-the-Job Orientation Training: 
This is the training in which the white collar employee who has just started to work for the company is taught the job, 
his/her duties and responsibilities and what he/she is expected to do.   
 
Training Activities Based on the Types of Application  
 
Classroom Training 


• This is a developmental activity which supports many employees with similar competencies and a 
common need for development in terms of skills and knowledge. The training is delivered by a competent 
trainer who is highly experienced in the area of competency to be developed. Its content is arranged and 
notified to the participants prior to the actual training. Presentations, case studies, business games, and 
related studies that support the content of the scheme are used in this method. Competency to be 
developed is accompanied by information to be transferred. Information is transferred by a seminar 
manager who is highly experienced in the relevant area. This way, it is ensured that information delivered 
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is accurate. Business games and case studies help the participants review themselves in the laboratory 
environment. Thanks to the evaluations made at the end of the practices, participants contribute to the 
developmental process of one another. Arranging the content of the training and communicating it to the 
participants before the actual training increases the efficiency of the seminar.      


 
 
Personal Coaching 


• It is two-way communication between the coach and the counselee.   
• It is future-oriented. 
• It is rather a developmental process than a problem-solving action.  
• Development is achieved by means of some particular methods. 
• Counselee has to take responsibilities. 
• Awareness is raised and the person is enabled to recognize his/her potential.  
• It focuses on making a difference by effective use of strengths.  
• It also focuses on the targets and helps the person attain these targets.  
• It helps the employee recognize the areas for improvement and take action for these areas under the 


supervision of the coach.    
• It ensures that the employee becomes part of the solution and does not choose to live with the problems. 


 
Group Coaching 


• It is a developmental process in which more than one counselee are involved. 
• It is multi-way communication. 
• It is rather future-oriented than past. 
• It requires the use of a particular method.  
• It is planned, organised and time-bound. 
• It helps solve similar problems in a team work. 
• It supports cooperation and solidarity.  
• It supports employees who are in active business life under the supervision of the coach. 
• It supports in-house relations.  


 
Mentoring 


• It is two-way communication which is based on master-apprentice relations. 
• It focuses on the development of competency. 
• It is given by an experienced person who is considered a role model.  
• Counselee is required to take responsibilities.  
• It is practical. Furthermore, developmental solutions are supported by an experienced leader.    
• It is a mechanism of fewer mistakes and faster decisions, based on the principle of continuous learning 


and experience.  
• Thanks to the mentor, who is critical in disseminating the organisational culture, possible barriers to the 


development are detected at an early time. 
 
Workshop 


• It is a developmental activity which involves at least 6 and at most 12 participants under the supervision 
of a moderator.  


• It helps develop skills. 
• Participants are required to make preliminary preparations. 
• It is required that participants have previous information about the topic. 
• Case studies are undertaken and solutions are offered in such workshops. 
• Workshops give the participants with a common need for development the opportunity to come together 


and share their experiences with one another. 
• Participants support each other by means of group activities and case studies undertaken in workshops.  
• Workshops provide two-way benefits for the participants: First, employees analyse such cases that they 


may encounter in real life and therefore gain experience. Second, such achievements can be easily 
transferred to real life.  


 
Rotation 
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• This is the temporary assignment of an employee in the whole or part of a different area of responsibility 
than his usual area of responsibility within the organisation.      


• Duties and duration are determined in advance. 
• It is a scheduled and organised means of development. 
• During this temporary assignment, employee may be supervised by another employee. 
• Development is achieved based on the specific needs of the employee.   
• On-the-job development enables the employee to practice the job continuously. 
• This is a means of development that is quite suitable for measurement and evaluation. 
• Long-term use of this means of development supports the sustainability of the competency that has been 


developed. 
• It supports the development of corporate culture. 


 
Training Abroad 


• It is the act of receiving the required information from training organisations abroad with a view to 
developing the targeted competency. Information is transferred by a seminar manager who is highly 
experienced in the given area. This way, it is guaranteed that the information delivered is accurate.   


• Content of the training is arranged and notified to the participants in advance. 
• Content-oriented presentations, case studies, business games and group studies are used in this 


method. Case studies that are undertaken help the participants review themselves in the laboratory 
atmosphere.   


• Thanks to the evaluations made at the end of the practices, participants contribute to the developmental 
process of one another.   


 
Conversational Meetings 


• The purpose of this practice is rather sharing experiences than developing skills and receiving 
information. There is no limitation on the number of participants.   


• Experienced experts who are considered role models are used in such trainings.  
• Two-way communication forms the basis of the practice. In addition, the expert manages the practice 


and shares information. 
• Difference between this practice and group coaching is the expert shares more information and 


experiences with the participants here.   
• A higher number of participants make use of this process as there is no limitation on the number of 


participants.  
• Experiences gained in the conversational meetings which focus on tangible examples and experiences 


are easily transferred to the daily life.   
• Participants take the opportunity to express themselves in these conversational meetings. 
• Although there is a predetermined content and program, different expectations may be met and 


unexpected problems may be solved during the course of the meeting.   
 
Project 


• It is the behavioural development of a person based on his/her self-competency.   
• The participant makes use of in-house sources. / Project is executed by in-house sources. An employee 


may propose a particular project and carry out that project.  
• It is a long-term developmental activity. 
• The participant receives feedback from the sponsor of the project (approving authority). 
• It supports the development of more than one competency for the same person. 
• It supports the organisation in meeting a particular need.  
• It contributes to the developments of the project team members. 
• The person uses the skills he/she has developed by means the project in real life. Projects also support 


the experiences that the participant has gained through other means of development.  
 
5- APPLICATION 
 


• TRAINING NEEDS ASSESSMENT    
 
For white collar staff; 
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Human Resources Department (HRD) requests the managers to identify the training needs with a view to 
developing competency, increasing work performance and realizing the predetermined strategies.   
 
Development plans and data on profile comparisons of the employees existing in the developmental compromise 
forums that arise as a result of the competency evaluations are presented to the managers for evaluation. The 
employees may also request trainings in person.  
 
Managers hold meetings with their white collar employees. Besides, training data from other sources is 
assessed. Those trainings which cannot be met by the existing sources and are identified as a need are 
requested to be delivered.    
 
As a result of the meetings held, trainings which have been identified as a need are laid down in Training 
Request Form in TMS specifying the type of the training, reason for the request, duration of the training and the 
particular month it will be delivered in. Then the form is signed by the manager and the employee and sent to the 
HRD. Training needs are laid down in the section entitled “Training Requests” in TMS.  
 
For blue collar staff; 
HRD Department of Corporate Development requests the managers to identify the training needs with a view to 
developing competency and increasing work performance.  
 
Managers and the head of the blue collar staff make observations, talk to the relevant people, hold meetings and 
receive the opinions of the employees as well as of the HRD Department of Corporate Development and the 
other sources with a view to identifying the training needs. These training needs are laid down in the section 
entitled “Training Requests” in TMS.    
 


• PLANNING OUT THE TRAINING     
 
Both for the white and blue collar staff; 
HRD Development assesses the training needs that have been identified by different sources and determines 
which trainings will be included in the training scheme and explains the reasons for those which will not be 
included in the scheme. In addition, it plans out additional trainings to support the corporate strategies. Draft 
scheme and the internal suppliers / trainers to be assigned are presented to the managers to receive their 
opinions. After receiving their opinions draft annual training scheme is given its final shape and is put into effect 
following the approval of the budget by the Directorate General.         
 
Training scheme lays down such information as the topic of training, whether it will be delivered by internal or external 
sources, reasons for delivering such training, categories, competency to be developed, content, duration and venue of 
the training, participants, particular months in the which training will be delivered, suppliers / trainers and the budget.  
 
The scheme includes training courses and on-the-job orientation trainings of 2 months for the manufacture and 
maintenance units and 1 month for the other units. On-the-job orientation trainings are recorded by means of On-the-
Job Planning Form in TMS.    
 
Within the framework of occupational health and safety, which are required by the Regulation on the Principles 
and Procedures of Occupational Health and Safety:  trainings for Employees are included in the scheme. 
Trainings are delivered under the following headings: 
 
a) General rules on occupational health and safety, 
b) Reasons behind the occupational accidents and diseases and risks at the workplace, risk assessment 
c) Principles for protection from accidents, injuries and diseases and application of the protection techniques,  
d) Safe use of the work equipment,   
e) Legal rights and obligations of the employees,  
f) Legislation, 
g) Creating safe environments and installing safe systems in the workplace,  
h) Use of personal protective equipment, 
i) Working on screen equipment,  
j) Signs of warning,  
k) Risks associated with the chemical, physical and biological materials,  
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l) Hygiene and houskeeping,  
m) Fires and protection form fires, 
n) Conditions of thermal comfort,  
o) Ergonomics,  
p) Electricity, dangers and risks associated with electricity and measures to be taken, 
r) First aid and rescue 
s) Emergency response.  
 
Within the framework of environmental, which are required by the Regulation on the Principles and Procedures of 
Environment: Trainings for Employees are included in the scheme. Trainings are delivered under the following 
headings: 
 


a) General awareness on environmental management system 
b) General awareness on environmental pollution prevention 
c) Chemical Handling 
d) Waste Management (including hazardous wastes) 
e) Traffic management 
f) Spill prevention and spill response 
g) Emergency response against spills 
h) Monitoring requirements 
i) Sustainability Issues: Water and Energy Consumption, GHG Emission 


 
Within the framework of social: Trainings for Employees are included in the scheme. Trainings are delivered 
under the following headings: 


a) The social management plan of the company 
b) Communications with the community 
c) Grievance mechanism 
d) Complaint handling and response 


 
 


The trainings for Occupational Health and Safety, Environment and Social Performance will be delivered to the 
employees in accordance with their job entitlements and the competency requirements. A basic training plan for these 
training requirements is given below: 
 
Training Topics Subject Group Method & Schedule Main issues 
Environmental Management 
System Basics 


All personnel Annual Regulations 
Commitments 
Responsibilities 
Awareness 


Environmental Management 
and Monitoring System 
Detailed 


Environmental Officers, Shift 
supervisors, Blue Collar 


Annual and when necessarySystem in general Equipment 
Reporting 


General rules on occupational 
health and safety, 
Reasons behind the 
occupational accidents and 
diseases and risks at the 
workplace,  
Principles for protection from 
accidents, injuries and 
diseases and application of 
the protection techniques,  
Legal rights and 
obligations of the 
employees,  
Legislation, 
 Creating safe 
environments and 
installing safe systems in 


All personnel Bi-annual Awareness 
Regulations 
Basic precautions 
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the workplace,  
Use of personal 
protective equipment, 
Working on screen 
equipment,  
Signs of warning,  
Fires and protection form 
fires, 
Conditions of thermal 
comfort, Ergonomics 
Risk Assessment 
OHS and Emergency 
Response 
Safe use of the work 
equipment,   
Hygiene and 
houskeeping, Electricity, 
dangers and risks 
associated with electricity 
and measures to be 
taken, 
First aid and rescue 
 
 


Health and Safety Engineer, 
Shift supervisors, Blue Collar


Bi-annual System in general Equipment 
Reporting 


Chemical Handling 
Waste Management 
(including hazardous 
wastes) 
Traffic management 
Spill prevention and spill 
response 
Emergency response 
against spills 
Monitoring requirements 
 


HSE Team, Blue Collar Bi-annual System in general Equipment 
Reporting 
Procedural requirements 


Sustainability Issues: Water 
and Energy Consumption 


All personnel Annual Consciousness 


Waste Management All personnel Annual Awareness 
Regulations 


Labour: Workers’ Rights Managers, Shift Supervisors, 
HS Engineers, HR 
Department 


Annual Consciousness 
Liabilities and responsibilities 
Grievance mechanism 
Reporting and evaluation 


Traffic Management All personnel Annual Consciousness 
Corporate Social 
Responsibility 


Board of managers 
Public Relations Department


Annual Consciousness 


The social management 
plan of the company 
Communications with the 
community 
Grievance mechanism 
Complaint handling and 
response 
 


Social Team Bi-Annual Liabilities and responsibilities 
Reporting and evaluations 


 
This training plan will be extended and finalized during the operational phase. 
 
Daily plans of the next month’s trainings are prepared in the current month. Trainings to be delivered by external 
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sources and trainings of general purpose to be delivered by internal sources are planned out by the HRD while daily 
plans of the trainings to be delivered by internal sources are prepared by the managers. Those trainings which could 
not be delivered in the predetermined month are transferred to the next month or months in the scheme. Training 
Schemes are revised in the middle of the year and second half of the year is re-planned.  
 
Responsibility for informing the employees about the training and developmental plans each month, preparing daily 
plans for the next month’s trainings, transferring those trainings which could not be delivered in the current month to 
the next months, and in this case, preparing daily plans for the transferred trainings rests with HRD and all the 
managers. Employees are given access to information about the scheduled trainings. If necessary, the schedule may 
be revised by the HRD during the year. In the event that some urgent training needs which do not exist in the 
Schedule arise, a request for the delivery of such trainings is made through official correspondences between the 
given Deputy General Directorates.  
 
 


• DELIVERING THE TRAINING      
 
Trainings are delivered in compliance with the Annual Training Scheme.  
 
HRD informs the employees, managers and the trainers about the trainings and developmental activities.  
 
Trainings to be delivered by external sources are procured by the Human Resources. For each training activity, an 
offer which specifies the content of the training, when to deliver the training, trainer(s) and the budget is given by the 
external supplier. Upon the approval of the Directorate General, training is delivered with a suitable budget.   
 
Such outsourced trainings may be delivered in the Training Centre of the Company or in the training halls of the other 
units or in a different place outside the Company or abroad.   
 
HRD supports and ensures that the staff who have received scheduled or unscheduled trainings disseminate the 
information they have learned among the employees of the same or a different unit as internal sources of training.   
 
For trainings of internal source, the responsibility for compiling training documentation, planning the presentations, 
gathering the participants announced to be participating in the training in the class and making the screen, projector, 
blackboard, paper and board makers ready in the class as useful visuals rests with the trainer.     
 
 


• KEEPING A RECORD OF AND MONITORING THE TRAININGS  
 
For trainings delivered inside the Company, a record of participants is kept by means of Training Monitoring Form. 
Original copies of the Training Monitoring Forms are kept by the HRD.     
 
After the end of the training, records of the participating staff are presented to the HRD Department of Corporate 
Development by the unit which has organised the training. All the records of trainings are entered into TMS by the 
HRD Department of Corporate Development.  
 


• EVALUATING THE SATISFACTION OF TRAINEES AND EFFECTIVENESS OF THE TRAININGS  
 
For trainings that have been delivered inside the Company, participants are asked to complete a “Training Evaluation 
Form” sent by TMS. This way, general satisfaction with the content of the training as well as the trainer, training 
materials and ambience of training is measured.    
 
In addition, the employee may be asked in the questionnaire whether he/she has actively attended the training or not.  
 
For the trainings which have been delivered by external sources, participants are sent a “Training Reporting Form” and 
asked to report what they have learned and how they are going to use what they have learned in workplace. Training 
reports and training presentations that have been obtained are shared in TMS. 
 
How the trained staff translate learning into practice in the workplace and the competencies they have developed are 
measured by means of the “Unit Evaluation Form on the Transfer of Knowledge to the Workplace”. The form is sent 
by TMS between one – three months after the training based on the properties of the training.  
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The original copies of the Documents of Attendance are given to the employees at the end of the training. The other 
copies are kept by the Human Resources Directorate. The original copies of the Certificates, on the other hand, are 
kept in the personal files of the Human Resources Directorate. The other copies of the Certificates are given to the 
employees. Reports in which satisfaction with and effectiveness of the training is evaluated are periodically shared for 
accession.      
 
 
6- RECORDS  
Printed Copies of the Training Monitoring Forms are kept for five years by the given unit and as long as the employee 
works for the company by the HRD .   
 
All the training records are kept in the Training Monitoring System by the Human Resources. 
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1 OBJECTIVE 
The objective of this procedure is to track and evaluate all energy consumptions in STAR’s working areas, correct 
any potential non-conformances, increase energy efficiency and determine responsibilities. 
 
2. SCOPE AND FIELD OF APPLICATION 
 
It covers the efficient usage of energy sources consumed during STAR activities and the execution of efficient 
improvement actions. 
 
3. DEFINITIONS 
 
Energy Efficiency Commission: It is a non-full time commission which is founded by the approval of General 
Director and comprises of a president and members. 
 
Core Team: It is a limited working team which is chosen by the President of Commission out of Energy Efficiency 
Commission members. 
 
The President of Energy Efficiency Commission: It is the manager who runs Energy Efficiency Commission. 
 
Team Leader: It is the personnel who is chosen by the President of Energy Efficiency Commission and forms a 
team out of commission members to conduct a study about a subject. 
 
Energy Efficiency Commission Members: It is the personnel who constitute commission founded by the 
approval of General Director. 
 
Energy Manager: It is the personnel of Training and Energy Management unit under Production Group 
Directorate. 
 
TEP: Ton Equivalent Petroleum. It is the total number obtained by multiplying quantitative values of consumed 
energy types by the coefficients provided in Table 1 of the “Regulation on Actions to be taken by Industrial 
Enterprises for the Increase of Efficiency in Energy Consumption”. 
 
SEC: Specific Energy Consumption. It is the rate of energy consumption amount within period divided by total 
production hour. 
 
4. RESPONSIBILITIES 
 
The President of Energy Efficiency Commission: 
 
The president sets targets in accordance with the instructions he or she gets from the senior management. 
 
The president chooses the individuals constituting core team and the team leaders for each application project. 
 
The president manages the transfer and administration of projects. 
 
The president submits reports to the senior management. 
 
The president ensures communication with the General Directorate of Electrical Power Resources Survey and 
Development Administration (E.I.E.) and other external bodies. 
 
The president represents the company or chooses the ones to represent in Trainings, Seminars, Fairs and 
Conferences. 
 
The Core Team of Energy Efficiency Commission: 
 
The team makes a decision about how to achieve Project targets by discussing with the President of Energy 
Efficiency Commission. 
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It takes steps in the direction of clearing the way for any bottlenecks in the execution of projects by Team 
Leaders. 
 
The Members of Core Team schedule meetings with Team Leaders and discuss progresses. They express their 
opinions and ensure that studies are carried out in line with company policies. 
 
It keeps track of the investments which have been put into agenda and kept under record with regard to Energy 
Efficiency and Conservation. 
 
It reports about any progress made in projects carried out by Team Leaders. 
 
Team Leader: 
 
The team leader forms a team out of Energy Efficiency Commission members for the energy project which the 
President of Energy Efficiency Commission hands over. 
 
The team leader conducts the team and works for the planning and application of projects and reporting of 
progresses and results. 
 
The team leader conducts the investment in projects requiring investment. 
 
The team leader audits the application and targets of the projects which he or she carries out. 
 
In the energy conservation projects requiring investment, the team lader ensures that all the projects are carried 
out including equipment specifications, evaluation of tender offers, part order and installation. 
 
Energy Manager: 
 
The Energy Manager cooperates with Energy Efficiency Commission members. 
 
The Energy Manager evaluates the proper energy conservation opportunities for STAR. 
 
The Energy Manager contacts all production and support units within the scope of energy management program. 
 
The Energy Manager detects the potential energy conservation fields and seeks for project possibilities by 
cooperating with company employees, equipment traders and external advisors. 
 
The Energy Manager prepares an incentive and informative program for energy conservation; and informs the 
employees of the conservations and financial equivalents achieved through studies. 
 
The Energy Manager submits efficiency and conservation studies reports to senior management. 
 
The Energy Manager ensures the organization of participation by choosing the participants for any training, fair, 
seminar or conference with regard to energy and energy efficiency. 
 
 
Energy Efficiency Commission: 
 
Energy Efficiency Commission comprises of the president and members of Energy Efficiency Commission and 
Energy Manager. 
 
A meeting is scheduled once for a month. The minutes of meetings are released to the relevant units. 
 
Energy Efficiency Commission keeps track of the whole energy consumed in different working fields of STAR. 
 
It develops an index for specific energy consumption (SEC) with regard to production and continues those 
indexes for all significant production fields on a monthly basis. 
 
It reevaluates the current projects with regard to the process change or development of STAR. 
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It takes energy conservation matters into consideration in new equipment procurements. 
 
It determines the extra counters and measuring devices required for supplementary monitoring opportunities. 
 
It monitors equipment maintenance and repair, replacement and suchlike programs for the energy conservation 
to be achieved through operational improvements and ensures that companies release related reports. 
 
It contributes to the preparation of efficiency and conservation actions reports to be submitted to senior 
management. 
 
The targets are submitted to Energy Efficiency Commission Presidency through General Directorate. 
 
In accordance with these targets, the President of Energy Efficiency Commission, in cooperation with the Core 
Team, determines the KPIs to be delivered to units and team works to be carried out. 
 
The monthly reports are submitted to senior management. 
 
 
5. ENERGY MANAGEMENT MODEL 
 
Actions to increase efficiency: 
 


a) The efficient burning of fuels with combustion control and optimization in firing systems, 
b) Peak output in heating, cooling and heat transfer, 
c) The application of thermal insulation on hot and cold surfaces in accordance with the standards and the 


minimization of undesirable losses or gains of heat by insulating all units producing, dissipating and using heat, 
d) The recycle of waste heat, 
e) The increase of efficiency in transformation of heat to work force, 
f) The prevention of losses in energy consumption, 
g) The increase of efficiency in transformation of electric energy to mechanical energy or heat, 
h) The selection of machines and equipment out of the ones with high energy efficiency by paying attention to the 


necessities of standardization and quality assurance system, 
i) Use of high efficiency armature and lamps, electronic ballasts and illumination control systems in illumination and 


taking more advantage of daylight, 
j) The assurance of minimum efficiency criteria defined within the scope of relevant regulation on equipment 


consuming or transforming energy, 
k) The planning and application of internal and external trainings aimed at increasing Energy Efficiency and raising 


awareness among employees with regard to energy efficiency and conservation. 
 
Monitoring and Setting Targets: 
 
The detection of energy amount consumed during on-going activities in STAR is daily carried out with meter 
readings in the counter system on unit basis and registered to the main system. Strategic Planning Unit calculates 
the monthly energy consumption cost of each unit; and it is distributed to the relevant units and energy 
commission. 
 
The results with regard to energy consumption and efficiency are revised in the annual Strategic Planning 
meeting and the new corporate objectives are set. 
 
For each unit in STAR, a Member of Energy commission calculates standard specific energy consumption (SEC). 
Based on these values, the president of energy commissions sets targets for each unit to decrease specific 
energy consumption. These targets are released at the beginning of each year to be processed into KPIs. And 
these targets include steam, electric, air and nitrogen consumptions. 
 
The control results of firing systems are transmitted to Energy Commission through Energy Management. 
 
The members of Core Team get together in December each year and prepare projects about the activities to be 
launched next year. They prepare such projects as the control of thermal insulations, recycle of waste heats and 
transformation of heat to work force; and determine the budgets for them. In determination of these projects, new 
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technologic developments along with such process values in field as temperature, pressure and current values 
are handled all together. The results of studies are reported on a monthly basis by the Core Team. 
 
The corporate information which needs to be sent to E.I.E. in March each year is prepared by the Strategic 
Planning Directorate. It is delivered following the signature of Energy Efficiency Commission President. 
 
6. REFERENCES 
 
The Regulation on Increasing Efficiency in the Use of Energy Resources and Energy Official Gazette Date: 
10.25.2008 Number of Issue: 27035 
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1 PURPOSE 


Purpose of this procedure is to lay down the required types of communication between the factories and 
the units as well as the public organisations, private organisations, clients, suppliers and the society for 
the activities to be conducted, announced, understood and adopted in a more effective manner as well as 
for the complaints and demands to reach the relevant authorities and be assessed by these authorities 
and for increased participation of the employees in the activities.    


 
2. SCOPE and AREA OF APPLICATION  


This procedure encompasses internal and external channels of communication used in STAR. 


 
3. DEFINITIONS  


OHS: Occupational Health and Safety     
EDF: Electronic Documentation Flow System in the corporate web (intranet) 
DMS: Directorate of Management Systems 
HSE: Environmental and Technical Security Directorate  
IMS: Integrated Management System 
 


 
5. APPLICATION 


1. Within the company, senior management communicates the vision, mission, principles, values, IMS 
policy, organisational objectives, decisions about the IMS and similar critical messages to all the 
employees in a systematic manner using the identified channels of communication. Internal 
communication assumes a key role in forming an organisational culture. 


 
Channels used for communication are as follows:  


• Periodical reviews, information meetings (for example, Steering Committee meetings, monthly 
budgetary meetings, and factory meetings),  


• Periodical internal publications (circulars, announcements, bulletins),    
• Computer media (Intranet, e-mail, internet), 
• Award ceremonies (Suggestion System, Environmental Competitions, production records, good 


practices, etc.).  
 


 
2. OHS Committee Meetings: 


Composition, working methods, duties, powers and obligations of the OHS Board are laid down in the 
OHS Board Working Principles Procedure. Employees are represented by Trade Union 
Representatives, Foreman Representatives and Health and Safety Representatives in the board. 
Minutes of the meetings of the OHS Board are sent to the participants and the other relevant people 
through an official letter in EDF. Decisions to be put into practice and decisions made are notified to 
the relevant directorates through an official letter for further action. In addition, communication 
between in-scope personnel and the OHS Board is ensured by the employees’ representatives.  


 
3. Management Review Meetings: 


Suitability and effectiveness of the IMS is evaluated by the management using the Management 
Review Procedure. 
 


4. Announcement of the Strategy, Critical Achievement Factors and the Objectives:  
At the beginning of each year, strategy, critical achievement factors, performance indicators and 
objectives are identified in compliance e and announced to and circulated among the employees.  


 
5. IMS Documentation:  


Required training for the employees to understand and learn the procedures and instructions that 
specify IMS as well as IMS policy, its roles and specifications is delivered in accordance with the 
Training Procedure. 


 
6. Signs of Danger and Warnings:  
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Relevant signs of danger and warnings are identified and provided by HSE and the interested 
unit/factory, taking into account the setting of the factory, working environment and the equipment. In 
addition, they are hung in suitable places under the supervision of HSE and responsibility of an 
employee. 
 


7. Training:  
Within the framework of Identifying, Meeting and Assessing the Employees’ Training Needs 
Procedure, training is delivered in line with the Training Curriculum with a view to increasing 
awareness in the area of Provision of Quality Work, Occupational Health and Safety and 
Environment.    


 
8. Environment and Health and Safety Meetings:  


In case of emergencies such as big occupational accidents, fires and environmental accidents and 
prior to the conduction of risky activities, a working group which is comprised of the officials of 
interested unit / factory and the IMS/HSE team hold a meeting. Consequently, work permissions are 
given or denied for the risk activities or situation is evaluated, actions plans are drafted and corrective / 
preventive actions are identified for emergencies such as large-scale occupational accidents, fires and 
environmental accidents. 
 


9. Communication with Customers:  
External customers are contacted by means of telephone, fax, face-to-face conversations (visits, fairs, 
regional meetings, etc.), Customer Information System (CIS), e-mails and cargos (for product 
invoices, samples, etc.).  
 


10. Communication with Suppliers:  
Communication with the supplier is ensured by the Procurement Department.  
 


11. Communication with Authorities / Neighbouring Workplaces (Fire Station, Gendarmerie, 
Neighbouring Factories):  
Wherever needed and upon the approval of the General Director, meetings are held with the local 
administrations to which the workplace is affiliated (civil authorities, fire station, gendarmerie, health 
care organisations and neighbouring enterprises), with the OHS Committee coordinating the event 
with a view to identifying the extent of cooperation to be established with the administration under the 
Emergency Regulation; determining the channels of communication to be set up; and having the 
invited authorities visit the factories when required and informing them about the activities of the 
company.        
 


12. Communication with Public Organisations:  
Relations with the public organisations which are in communication with the company because of the 
activities conducted are managed by the relevant staff based on the job definitions. Those who are 
responsible for following up the legal requirements are laid down in the “Legal Requirements 
Procedure”.    
 
Communication Service keeps a record of every kind of letter from the parties outside the company 
on every issue including environment and occupational health and safety and communicates it to the 
relevant units.  


 
13. Communication with the Security Forces:  


Coordination and cooperation with the local security forces is ensured by the Security- Directorate 
upon the senior management’s instructions. Related issues are announced to the employees.   
 


14. Communication with Visitors:  
All the visitors including the suppliers are shown an information movie named environmental and 
occupational health and safety management at entrance. Then, a simple test is conducted, and 
consequently a Training Card is given to the visitor.   
   


15. Grievance Mechanism 
Refer to Grievance procedure 
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1. OBJECTIVE 
 
The objective is to control and minimize the environmental effects and health and safety risks generated by 
STAR activities and define the application method of periodical control actions (monitoring) to ensure 
continuity of activities. 
 
2. SCOPE AND FIELD OF APPLICATION 
 
This procedure includes monitoring and measuring activities associated with environmental and occupational 
health and safety in STAR. 
 
3. DEFINITIONS 
 
ERM: Environmental Risk Management Unit 
IMS: Integrated Management System 
WWTU: Waste Water Treatment Unit 
LSWI: Liquid Solid Waste Incineration Plant 
SG: Steam Generating Unit 
WP: Water Pretreatment Unit 
COD: Chemical Oxygen Demand 
HWCP: Hazardous Waste Control Procedure 
HSE: Health, Safety and Environment Manager  
QCP: Quality Control Plan 
 
4. RESPONSIBILITIES 
 
HSE Manager 
 


• Determines the required amendments in the legislation which is used as a legal basis in periodical 
tests and controls that are technically carried out and notifies related units for taking the amendments 
into consideration in further regulations. 


• Makes a written notification to Follow-up / Implementation authority unit in case any disruptions are 
detected in the performed Periodical tests and controls. 


• Schedules a meeting with Follow-up / Implementation authority units once a year where practices 
associated with performed Periodical tests and controls. 


• Prepares an Activity Report on a yearly basis with regard to the performed Periodical tests and 
controls. 


• Files the records of Periodical tests and controls that are technically carried out for revealing them to 
the concerned people in the future in Company inspections. 


• Schedules a weekly program for Technical Safety and Fire Safety Site Control. 
• Carries out Technical Safety and Fire Safety Site Control each weak in units / plants within the scope 


of program. 
• According to the Technical Safety and Fire Safety Site Control, the manager prepares an “HSE 


Control Form” which includes the deficiencies with regard to working environment and distributes it to 
the concerned people. 


• The responsibilities associated with environment have been stated in Periodical Control Plan. 
 
5. APPLICATION 
 
PERIODICAL CONTROLS IN TERMS OF HEALTH 
 
1. Planning: The annual plans for all periodical controls to be carried out within year are prepared by 
workplace physician in January each year. These are as follows: 
 


1- 6-month periodical program  
2- 12-month periodical program 
3- Periodical x-ray program  
4- Periodical audiometric program 
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The due periodical program within the scope of plan is announced to all employees by the workplace health 
service. The related plant managers or directors are contacted and reminded of program one day before the 
periodical examination. 
 
2. Biochemical analyses: 
 
 
3. Audiometric testing 
 
4. Lung Graph 
 
5. Bacteriological analysis of drinking water 
 
Samples are collected from four drinking water points designated by the workplace physician. The samples 
are collected and preserved by trained health officers in compliance with the requirements of TS ISO 5667-5.  
 
6. Food Employee Porter Inspection 
 
The catering company has the porter examinations of its employees performed every 6 months and the 
examination reports are submitted to the workplace physician for approval. Employees with unsatisfactory 
examination results are not allowed to work in food related sections. Treated employees with satisfactory 
examination results may be employed in food related sections upon approval of the workplace physician. 
 
PERIODICAL TECHNICAL CONTROLS  
 
Periodical Controls Of Fire Defense System, Instruments And Machines In Production And Electric 
Installations 
 
The periodicals tests and controls of the equipment and instruments that need to be carried out in 
accordance with the legislation are carried out by Follow-up / Implementation authorities in periods stated in 
Periodical Control Plan and recorded in the control forms defined in this plan. These records are sent to HSE. 
HSE prepares an Action Report with regard to periodical tests and controls at the end of year and ensures 
distribution. 
 


• Follow-up / Implementation authorities: 
 


• Prepare the inventory of equipment to be subjected to periodical tests and controls and send it to 
HSE. 


 
• Prepare an annual periodical control plan on equipment basis in accordance with the inventory of 


equipment to be subjected to periodical tests and controls and send it to HSE. 
 


• Prepare the equipment to be subjected to periodical tests and controls for testing. 
 


• Perform or have performed the tests and controls on the dates specified in the annual periodical 
control plan. 


 
• Prepare a Service Procurement Request Form in controls to be outsourced company or institution 


and take responsibility for the works done within this scope. 
 


• If the follow-up and implementation authorities are the same unit they jointly prepare the periodical 
test and control reports. If follow-up authority is another unit then implementation authority gets the 
reports from follow-up authority. And if the control has been made by service procurement the report 
is provided from external institution. 
 


• Send the periodical test and control reports prepared to HSE on a regular bases in due of time. 
 


• For delayed periodical tests and controls, Follow-up / Implementation authorities prepare a report 
stating reasons of delay and the time they will be carried out and send it to HSE. 
 







 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 62  


 


• Track international standards, codes and etc. with regard to equipment and apparatus to be 
subjected to periodical tests and controls within the scope of program. 
 


• Prepare a joint “Detailed Work Schedule” with other related units for critical and important periodical 
tests and controls that need to be carried out within a specific period of time. And distribute the 
schedule in advance to let the other related units get prepared. 
 


• Ensure that necessary actions and precautions are taken in order to deal with the deficiencies 
detected in Technical Safety and Fire Safety Site Control which is performed on a weekly basis. 
 


Periodical General Site Control 
 
In accordance with the program, Auditing team visits a unit / plant each week and performs the Technical 
Safety and Fire Safety Site Control of that unit / plant jointly with the related unit staff. Afterwards “HSE 
Control Form”, which is prepared following control process, is signed mutually the related Directorate is 
notified in written to overcome the deficiencies detected in unit. After the related unit / plant overcome the 
deficiencies detected they provide written feedback to HSE. And the consistency of that feedback is 
controlled by HSE in the next control on site. 
 
Safety Controls other than the Periodical General Site Control 
 
Auditing team visits the units / plants each month determined in accordance with the plan prepared by HSE 
and carries out the unit’s periodical control. The “Record”, prepared following control process, is notified to 
the related Department in written form to overcome the deficiencies detected in unit. 
 
Visual inspection is carried out by HSE staff each day as a routine in plants site. Along with verbal warnings, 
significant issues are “reported” and notified to the related units. 
 
 
PERIODICAL CONTROLS WITH REGARD TO ENVIRONMENT 
 


1. Discharge Channel Wastewater Analyses: Discharge Canal Wastewater sample is automatically 
taken by Composite sampling device sample and a manual sample of 5 liters is taken from device by 
technicians. The   samples were analyzed against Legal requirements table, WWTU and Water 
Pollution Control Regulations Table 14 – 12 (in accordance with the limiting values for 24 hours). 
Analysis results are published as “Test Report” in the form of daily reports by QCTSM in monthly 
periods and sent to ERM. ERM Expert Engineer sends the Test Reports coming from QCTSM to the 
Provincial Directorate of Environment and Forestry for approval. In excess of limiting values, the 
related unit Managers, Plant Administrators and WWTU are warned against ensuring the limiting 
values by HSE in line with the detections from analyses. 


2. WWTU Final Wastewater Analyses: WWTU Final Wastewater sample is automatically taken by 
Composite sampling device as a 24-hour composite sample. And a sample of 2 liters is taken from 
device by ERM technicians. Sample is located in front of WWTU building at 07:00 AM in the morning 
and then picked up by QCTSM technicians to get analyzed. Along with the results of Ethylene 
Dichloride (EDC) parameter analysis, the sample is registered in the Quality Control Systems section 
of Host System in full compliance with the obligations specified in Legal requirements table, WWTU 
and Water Pollution Control Regulations Table 14 – 12 (in accordance with the limiting values for 24 
hours). In excess of limiting values, the related unit Managers, Plant Administrators and WWTU are 
warned against ensuring the limiting values by HSE in line with the detections from analyses 


3. Analyses of wastewaters taken from plants’ wastewater lines: Analyses are daily carried out in 
lines of process chemical wastewater, oily wastewaters from pre-defined process units. Samples are 
automatically taken from the sampling points specified in the plant wastewater lines by Composite 
sampling device as a 24-hour composite sample together with a manual sample. The sample is 
subjected to COD and pH analyses; and to EDC analysis. In excess of limiting values, the reasons 
for such a result are investigated by that department. In case it is detected by HSE that the excess of 
limiting values is caused by a fault or leakage in plant Extraordinary Environmental Condition 
Report is prepared by HSE Engineer or Expert Engineers. 


4. Analyses of wastewaters taken from plants’ rainwater lines and open canals: The analyses are 
carried out in rain water lines, and main canal in periods pre-specified within Periodical Control Plan 
table. Sample is taken from specified sampling points by HSE technicians. The sample is subjected 
to COD and pH analyses. In case excess of limiting values is detected first of all the source and 
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reason of leakage is detected and then the related plant takes the necessary actions to stop leakage 
in source. If required, spill response actions are taken.  


5. pH and color control in plants’ treated water, rain water lines and open canals:  
6. Discharge Canal Flow measurement: As required by Water Pollution Control Regulations Article – 


29 “The enterprises with a wastewater flow rate of more than 500 m3 / day should have a sampling 
chute, automatic sampling and flow measurement devices available at the exit point of wastewater 
treatment plant.” in Legal requirements table, measurements in Discharge canal are made with a 
flow meter capable of fixed on-line measurement; and data are recorded in the internal memory of 
device. 


7. Flow measurements in plants’ wastewater lines: Measurement results are used in the calculation 
of plants’ pollution loads. 


8. Flow measurements in plants’ rain water lines and open canals: Measurement results are used 
in the calculation of plants’ pollution loads. 


9. Flue gas measurements: In accordance with Flue gas Measurement Instruction by ERM 
technicians once a month. Results recorded in the internal memory of device. Results are printed out 
from device when required. If excess of limiting values is process based and a temporary non-
conformance then the non-conformance in process is tried to be handled by contacting with plant 
officials for adjustment of air / fuel ratios; however if it is process based and a constant non-
conformance then an opinion about the required investments for overcoming the problem is 
delivered. 


10. On-line Flue gas measurements: The measurements are made in accordance with the obligations 
specified within Legal requirements Table. Measurements are constantly (online) monitored by the 
Ministry of Environment and Urban Planning. In excess of limiting values, the termination of 
Operation License becomes a matter of question. 


11. Ambient Air Quality Measurement: With the use of the built-in devices assembled in Ambient Air 
Quality measurement vehicle SO2, NOX, CO, BTEX, HC, HCI, HF, ACN, PM, wind direction and 
speed, moisture and pressure parameters can be measured on-line. Measurement results are 
recorded in the computer available in vehicle. In excess of limiting values, pollution source is 
detected with the assistance of meteorological parameters. 


12. Waste Oil Analysis: Before selection of disposal method, a sample of 1 liter is taken from Waste Oil 
and analyzed in an accredited laboratory within the scope of the obligations specified within Legal 
requirements table. Analyze results are evaluated by HSE Engineer and Expert Engineer and then 
disposal method is decided. 


13. Wastewater Analyses: The analysis of wastewater sample taken in company inspections, as 
required by the obligations specified within Legal requirements table, is made in an accredited 
institution in accordance with Water Pollution Control Regulations Table 14 – 12 and measurement 
results are sent to the competent authority taking sample. In excess of limiting values, criminal action 
is taken by the related institution. A copy of analysis results is filed in HSE Unit. 


14. Waste Analyses: In case of waste generation within company, the analysis of waste as required by 
the obligations specified within Legal requirements table in accordance with Hazardous Waste 
Control Regulation (HWCR) to choose disposal method. A copy of analysis results is preserved by 
waste official of the unit with waste; and another copy in HSE Unit. 


15. Legal Proceedings with regard to the Environment 
 


• EIA-Positive or EIA Not Required Certificate: Before any activity which may lead to 
capacity increase in company, the obligations specified within Legal Requirements Table are 
carried out and opinion of the Ministry of Environment and Forestry is obtained. 


• Temporary Storage Permit: Granted in accordance with the obligations specified within 
Legal requirements table. 


• Emission Permit: Granted in accordance with the obligations specified within Legal 
requirements table and renewed every 3 years. 


• Waste Oil Statement: Made to the Provincial Directorate of Environment and Forestry each 
year in accordance with the obligations specified within Legal requirements table. 


• Hazardous Waste Statement: Made to the Provincial Directorate of Environment and 
Forestry each year in accordance with the obligations specified within Legal requirements 
table. 


• Waste Management Plan: Made to the Provincial Directorate of Environment and Forestry 
every 3 years in accordance with the obligations specified within Legal requirements table. 


• Packaging Statement: Made to the Provincial Directorate of Environment and Forestry each 
year in accordance with the obligations specified within Legal requirements table. 
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• Discharge Permit: Granted in accordance with the obligations specified within the Legal 
requirements table and renewed every 5 years. 


• LSWI Operation License: Granted in accordance with the obligations specified within Legal requirements 
table and renewed every 3 years. 


6. RECORDS 
 
Information with regard to the place and duration of storage of records has been provided in Periodical 
Control Plan. 
The records of periodical technical controls are preserved for 5 years in HSE as hard copies. 
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WASTE MANAGEMENT 
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1. AIM 


The aim of this procedure is to define the necessary waste management principles and responsibilities to 


ensure that the waste produced by the operations of Star Rafineri A.Ş. are collected, stored and subjected to 


disposal and/or recycling operations in a controlled way according to the methods laid out in the legislation 


and regulations in order to not to cause any harm to human health and the environment. 


2. SCOPE and IMPLEMENTATION AREA 


The procedure covers all the departments where waste is produced. 


3. DEFINITIONS 


• Ministry: The Ministry of Environment and Urban Planning 


• Waste: Those materials formed after operations and not needed any more. Waste classes are 


defined in the "Regulation for General Principles of Waste Management" Annex 1.   


• Waste Management: The plan comprising the reduction at the source, sorting according to 


characteristics, collection, temporary storage, intermediate storage, recovery, transport, disposal  of waste 


and its control after disposal operations, and similar processes.  


• Waste Producer: The person that causes waste production as a result of its operations and/or 


the unit that carries out pretreatment, mixing or other operations that would cause a change in the 


composition or structure of the waste. 


• Industrial Waste: Waste formed as a result of production and support service operations within 


the Star Rafineri A.Ş. area. 


• Inert waste: Those waste that do not change significantly in physical, chemical or biological 


terms, that do not dissolve, burn, do not enter any physical or chemical reactions, biologically deteriorate 


or do not effect other materials that it contacts in a way that would damage the environment or human life, 


and whose leakage capacity and eco-toxicity is at a negligible level, especially those waste that do not 


create any surface or underground water contamination, 


• Hazardous Waste: Those wastes that, due to its structure, would create irreversible effects or 


affects that would require special operations to remove on the environment. Those waste that are 


indicated with "A" sign in the Annex 4 of "Regulation for the General Principles of Waste Management" 


are accepted as hazardous waste regardless of its any hazardous waste concentration, those indicated 


with "M" sign are accepted as hazardous waste if they have a value above the threshold concentration 


given in ANNEX-III B. These waste can be in solid, liquid or gas state. 


• Non-Hazardous waste: Those waste that do not have any sign in the ANNEX IV of the 


Regulation for the General Principles of Waste Management and those that are indicated with (M) sign 


and have a threshold concentration value lower than laid out in ANNEX III/B, 
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• Burnable Waste: those wastes that are by nature suitable for disposal by burning in the 


incineration plants. 


• Storable Waste: Those waste that meet the "Acceptance Criteria for the Orderly Storage of 


Waste" in Annex 2 of the "Regulation for the Orderly Storage of Waste". 


• Recyclable Waste: Waste that are suitable for producing new products or attaining energy after 


going through various physical and/or chemical operations.  


• Domestic and Domestic Type Waste: that waste produced by basic living operations, office 


activities, cafeteria activities and construction activities. 


• Packaging Waste: Those sales, outer and transport packaging waste that are used as packaging 


during the transportation of the products to the end user, for the presentation of the product and produced 


after the product is used, including packaging whose useful life has ended but could be reused excluding 


those production waste created during the manufacturing of packaging material or any other production. 


• Office Waste: Those burnable and recyclable type waste that are produced as a result of office 


and basic living activities, excluding the packaging waste. 


• Organic Waste: Food waste produced as a result of cafeteria operations. 


• Bilge Water: Those liquids collected in the sections of the ship where the leaking water and oily 


waste water produced in the machines and auxiliary machine lower tanks, cofferdams, lazarets or similar 


parts are collected. 


• Slop: Oily water waste collected in the slop tanks of the ships including tank washing waters as a 


result of washing cargo tanks. 


• Sludge: The mud formed by residues and/or oil deposition in the engine rooms, fuel tanks or the 


cargo tanks of the oil tankers. 


• Dirty water: Waste from toilets, urinals and toilet pipes, liquids from the sinks, pipes and bathtubs 


in infirmary, dispensary and hospitals, streams from live animal locations and other waste water mixed 


with these. 


• Dirty Ballast: It is the ballast water that when released from the ship to the water, causes traces 


of petroleum, petroleum derivatives or oil to be seen on the water or the nearby coast or creates a colour 


change in the surface or under the water or causes deposition of materials as suspended solid 


materials/emulsions.  


• Garbage: Domestic and operational solid waste that are produced as a result of the normal 


operation of the ship and covered under MARPOL 73/78 ANNEX-V. 


• Load Waste: All the waste left over after the unloading and cleaning operations of the ships, 


remaining part of the all kinds of load material in the ship cargo area and depots and those residues and 


spills from the loading and unloading. 
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• Temporary Storage Area (GDA): The area where waste can be kept for a maximum of 180 days 


before being sent to final disposal or recycling facilities with a leakproof, concrete floor, a system for the 


collection of leaking waters, a covered top and sides, a fire extinguishing system and a "Temporary 


Storage Area Permission" from the Provincial Environment and Urban Planning Directorate.  


• Waste Sorting Area: Area where the recyclable packaging waste and burnable waste are sorted. 


• Solid Waste Hole: The special pool where the solid waste to be disposed at the Waste 


Incineration Plant are stored. 


• Oil Hole: The special pool with where the waste oil to disposed at the Waste Incineration Plant is 


stored before being fed to the system with pumps. 


• Sludge Tank: The tanks with a volume of 100 m3 where the sludge to be disposed of at the 


Waste Incineration Plant are stored before being fed to the system with pumps. 


• Contaminated Waste: Waste that are not in the hazardous waste group but contaminated with 


chemicals or materials that are in the hazardous waste group. 


• Medical Waste: Waste that are produced as a result of health service activities and the use of 


first aid kit materials. 


• Waste Incineration License: Operational Permission License document granted by the ministry 


to the facilities designed according to the "Regulation for the Control of Hazardous Waste". 


• Recycling License: Operational License document granted by the ministry to the facilities 


designed according to and in compliance with the Regulation for the Control of Packaging Waste Control 


for the recycling of the recyclable waste (plastic, paper, glass, metal).   


• Waste Acceptance Plant License: The License Document granted by the ministry to the Port 


Facilities in order to receive and dispose waste from the ships according to the "Regulation for Receiving 


Waste from Ships and Control of Waste". 


• National Waste Transport Form: The form that is in the ANNEX 9 of "Regulation for the Control 


of Hazardous Waste" and prepared for the hazardous waste sent to recycling/disposal outside the STAR 


Rafineri area, containing producer/transporter/disposal information. 


• Waste Transfer Form: The form that is in the Annex 4 of "Regulation for Receiving Waste from 


Ships and Control of Waste" and filled by the Port Facility during the Transfer of Waste from the Ships. 


• Internal Waste Form: The form, present in EBA and that is filled by the unit workers while the 


waste is transferred to the temporary storage/disposal units within the company. 


• Transport License: Permission document granted to the vehicles that will transport waste 


according to the "Regulation for the Control of Hazardous Waste". 


• Waste Code: The codes that are in the Annex 4 of "Regulation for the General Principles of 


Waste Management". 
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4. RESPONSIBILITIES 


All Units 


Are responsible for the management (packaging, labelling, collection, moving, transportation to the 


disposal/temporary storage area, issuing the "Internal Waste Form", keeping the records related to the 


waste, making necessary requests for the disposal costs if the waste are disposed of externally) of the waste 


produced by their operations according to the conditions laid out in this plan. 


Waste Incineration Unit 


Is responsible for the acceptance of waste that have the codes indicated in the Operation License, their 


temporary storage, disposal by incineration, if waste is accepted from outside, for filling the related section of 


UATF for the acceptance and disposal procedures of the waste, for keeping the one of the A copies of UATF 


after the waste is disposed, for sending the other copy to the Ministry within a month and sending the B copy 


to the Waste Producer within a month, for having the analysis of waste, ash and slag made, when the waste 


is received from outside the company, for accepting the "Waste Disposal Application Form" and arranging an 


appointment for an appropriate date for the acceptance of the waste and to inform the Provincial Environment 


and Forestry Directorate of this appointment schedule, for sending the Ministry every month the declaration 


about the amount of waste incinerated, the results of waste analysis, chimney gas values and analysis results 


of ash and slag.  


Sales Logistics  


Is responsible for the acceptance of recyclable salvage (wood, metal, cable, equipment) that are produced 


as a result of company operations and that are for sale, to the Material Evaluation Area, for the control of 


whether the Internal Waste Form is issued by the waste producer during the acceptance of the waste to the 


Material Evaluation Area, if not issued, for ensuring that it is issued, for making the inspection of the waste, 


temporarily storing the waste in an ordered manner, for making stock declaration for sale and the process 


until the waste is sold.  


Sales and Marketing 


Is responsible for the selection of disposal companies that have recycling license appropriate for the 


waste code, for the license control of the transportation vehicle and sale of the waste, for preparation of the 


related documents for the sale (Consignment Note, gate exit bill), keeping their records, for their distribution 


and storage, in the sales process of the recyclable type waste. 


Quality Control  


Is responsible for making the necessary analysis for the determination of the content, codes and type of 


disposal of the waste, for entering the analysis results into the EBA system and their distribution to the unit 


that made the requirement and keeping of the records.  


Environmental Management 


Is responsible for  the determination of waste codes, for deciding the type of disposal, when the waste is 


to be disposed of outside the company, issuing the National Waste Transport Form, for approving the 


Internal Waste Forms prepared by the waste producer within its time, making declarations like Waste Oil 
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Declaration, Packaging Waste Declaration, Hazardous Waste Declaration and submitting them to the 


Provincial Environment and Forestry Directorate, preparation of the Waste Management Plans, providing 


technical support to the questions of the waste producers. Environmental Risk Management carries all of 


these processes based on the Internal Waste Forms declared by the producer. 


Purchasing  


Is responsible, upon request, for getting an appointment from the disposal companies for the disposal of 


waste, for making contracts with transport companies for the transportation of the waste, for providing 


vehicles from the contracted companies for the transportation of waste in their appointment date to the 


disposal facility. 


5.  IMPLEMENTATION 


The first priority is to reduce waste produced in STAR Rafineri A.Ş. before it is produced, at its source. 


Activities towards this aim are followed via EMS programs. 


Within the scope of the waste management plan prepared, the wastes are grouped according to their 


environmental effects and production type. These groups are: 


• Industrial Waste 


• Domestic and Domestic Type Waste 


• Medical Waste 


• Waste received from the ships. 


The types of these wastes, through which operations they are produced, their amounts, storage areas and 


disposal points are followed via "Waste Follow-up Information Form".  


5.1. Separate collection of waste at their source and their disposal:  


All the waste that is produced is collected separately according to waste types at their source irrespective 


of their amount. These waste are indicated on the Waste Follow-up Information Form.  


Collection, transportation, storage and disposal procedures are indicated in the "Waste Control 


Instructions". A "Temporary Storage Area" (GDA) will be prepared for the temporary storage of the waste 


produced. In this area where the ground leakproofing is ensured, there is a system to collect leaking waters 


and send them to AGU for treatment. For each waste type, when the waste section is full, all of the waste for 


that type of waste is transferred to the area or maximum storage period has expired, an appointment with the 


relevant recycling/disposal company is made. For the hazardous waste, the maximum storage period is 


followed via the date on the waste label.   


 Selection of the firm for the disposal of the waste is made based on the principle that the company should 


meet the conditions indicated in the legal responsibilities. As a general principle   hazardous waste are 


recycled/disposed in companies with an appropriate license for the code and recyclable packaging waste are 


sent to licensed recycling companies. 


When incompliance is determined in the collection, packaging, storing, transporting and recycling of the 


waste, necessary corrective action is taken according to the "Control of Incompliance Procedure" and 


"Corrective and Preventive Actions Procedure". Things to be done in case of accidents or natural disasters 


(fire, earthquake, flood, etc..) are indicated in the "Emergency Management Regulation".  


5.2. Legal obligations: 
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 In the preparation of the waste management plan and the control of the implementations, official 


regulations have been taken into consideration. These regulations are; 


•••• Regulation for the General Principles of Waste Management 


•••• Regulation for the Control of Hazardous Waste 


•••• Regulation for the Control of Solid Waste 


•••• Regulation for the Control of Medical Waste 


•••• Regulation for the Control of Packaging Waste 


•••• Regulation for the Control of Waste Batteries 


•••• Regulation for the Control of Plant Oil Waste 


•••• Regulation for the Control of Waste Oil 


•••• Regulation for the Control of Tyres Whose Useful Life is Completed 


•••• Regulation for Water Pollution Control 


•••• Regulation for the Control of Excavation Soil, Construction and Debris Waste  


•••• Regulation About the Orderly Storage of Waste 


•••• Communiqué for the Recycling of Non-Hazardous and Inert Waste 


•••• Regulation for Receiving Waste from Ships and Control of Waste. 


 The current versions of these regulations which are abided due to direct effects of the production and other 


regulations which are abided due to indirect environmental effects are accessible and followed-up via the 


system according to the "Legal Obligations Procedure". 


 5.3. Transport, License and Waste Deceleration Forms: 


  In case hazardous waste recycling or disposal is carried out externally by other companies, transportation 


of the waste to the licensed recycling/disposal facilities is made by the licensed transportation vehicles. 


During the transportation of this waste, a National Waste Transport Form (UATF) is prepared by HSE. 


Selection of the licensed companies and the contracts are made by İzmir Sales and Marketing Directorate. 


There is no obligation to use licensed vehicles during the transportation of hazardous waste within the facility. 


However, the as a principle, liquid waste are transported in leakproof barrels and all waste are transported 


without creating negative effects on the environment.  


Responsibility for the Waste Incineration Unit ash and slag storage area and the waste sorting area are 


with the Waste Removal Management, responsibility for the Material Evaluation Area is with the Sales 


Logistics Directorate, responsibility of the Temporary Storage Areas and Excavation Discharge Area are with 


the Environmental Risk Management. 


5.4. Employee Trainings: 


"HSE Trainings" will be  organized every year at STAR with the attendance of all the employees. In the 


Environment part of the trainings given by the personnel outside the Environmental Risk Management scope, 


information about the controlled collection, transportation, temporary storage and disposal and/or recycling 


processes of waste in without creating any harm for the human health or the environment according to the 


procedures indicated in the related laws and regulations are given. 


All the new recruits are informed about the Waste Follow-up Information Form and the Waste Control 


Instructions during their orientation and on the job trainings. 


5.5. Classification of Waste: 
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The waste produced in plant areas are classified as industrial waste. These wastes are collected in waste 


containers in factories. Liquid waste are collected in leakproof barrels, burnable contaminated waste are 


collected in waste containers, solid bulk waste are collected in big bas or transferred to the disposal company 


in bulk form. 


5.5.1. INDUSTRIAL WASTE 


HAZARDOUS WASTE NON-HAZARDOUS WASTE 


A. BURNABLE WASTE A. RECYCLABLE WASTE 


B. RECYCLABLE WASTE B. STORABLE WASTE 


C. STORABLE WASTE  


 


5.5.2. DOMESTIC AND DOMESTIC TYPE WASTE 


A. PACKAGING 


WASTE 


B. OFFICE WASTE C. ORGANIC WASTE D. EXCAVATION WASTE 


 


5.5.3. MEDICAL WASTE 


HEALTH SERVICE WASTE 


 


5.5.4 SHIP WASTE 


LIQUID WASTE (the waste in Marpol Annex-I and Annex-IV) 


SOLID WASTE (the waste in Marpol Annex-V) 


 


 5.5.1.1. HAZARDOUS WASTE 


All the hazardous waste that is produced, their production locations and amounts are followed via the "Waste 


Follow-up Information Form". For the waste with unknown content, the waste producer prepares an Analysis 


Request Form. According to the characteristics, production location and result of the Analysis, the 


appropriate waste code is determined by obtaining opinion from the HSE department.  


 Amount of waste produced in the facility is determined from the National Waste Transportation Forms and 


Internal Waste Form kept under record in the HSE unit and entered to the "Waste Follow-up Information 


Form". Environmental Risk Management issues a "Hazardous Waste Declaration Form" at the end of every 


year according to the "Regulation for the Control of Hazardous Waste" and it is declared to the Ministry of 


Environment and Urban Planning every year until the end of March via the online system. According to this 


waste declarations and operations, a "Three Year Waste Management Plan" is drafted for the waste 


expected to be produced in the coming 3 years and submitted to the approval of Provincial Environment and 


Forestry Directorate. 


 A. Burnable Waste: 


 A Waste Incineration Plant has been established for the disposal of burnable waste produced within 


STAR Rafineri A.Ş: The plant has obtained incineration license to burn the burnable waste produced within 


the company according to the codes. Acceptance and disposal of waste in the plant are carried out according 


to the "Waste Burning Procedure". Those burnable waste that cannot be accepted to the plant are disposed 


by sending to outside companies that have appropriate disposal licences according to the code of the waste. 
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Control analysis regarding the burnability and content of the waste are made in the Quality Control Technical 


Service Directorate laboratory. Burnable waste and their production locations could be followed from the 


"Waste Follow-up Information Form".  


 Waste producer fills the Analysis Request Form and sends 1 litre of waste sample to the laboratory. 


According to the result of the analysis, if the waste is appropriate for burning and the code of the waste is in 


the Petkim Waste Incineration Unit Operation License, the result of the burnability analysis, together with 1 


litre of waste sample is sent to Waste Incineration plant. The waste that is approved by the Waste 


Incineration plant is accepted to the unit for incineration. Waste producer is obliged to keep records of the 


results of the analysis it has made. 


 


Collection and transport of waste (Solid waste): Contaminated waste are collected in the waste 


containers with green colour and labelled as "ÇÖP" (garbage) in the factories. When the container is full, 


waste producer issues an "Internal Waste Form". In the form, the "I want container" box is ticked. "Internal 


Waste Form" prepared for the burnable waste is at the same time sent in electronic format to the Waste 


Removal Management out of scope personnel and foremen for approval, and to the representative of the 


subcontractor company responsible for the collection and transportation of the waste within the company as 


an information. Approval of the form by just one of the persons sent for approval is sufficient.. After the 


approval of the form, subcontractor representative sees the "I want container carrier" information and sends 


the container carrier to the unit where the waste is located and ensures that it is collected and transported to 


the Waste Incineration Plant.     


Disposal of the Waste: Waste that is brought to the incineration plant with the subcontractor container 


carrier vehicles under the responsibility of the subcontractor are unloaded to the waste sorting area and 


carried from here to the solid waste hole for controlled incineration. 


 


Collection and transport of waste (Liquid waste): Burnable liquid waste like waste oil, engine and 


transformer oil, tank bottom sludge, industrial treatment sludge, laboratory chemicals are collected in areas in 


leakproof barrels. When the barrels are full, the "Internal Waste Form" is prepared by the waste producer. 


After the Form is approved by one of the Waste Removal Management out of scope personnel or foremen, 


the liquid waste is transported by the vehicles of the subcontractor for the collection and transportation of the 


waste, or by STAR's own vehicles to the incineration plant. 


Disposal of the Waste: Category analysis of the waste oils is made by the accredited laboratories. 


According to the category analysis, waste oils that are found to be in category II and III, engine oils, liquid 


hydrocarbon waste etc., those liquid waste that are in the waste code of the waste incineration plant 


operation license are discharged to the oil hole in the incineration plant and taken from there for incineration. 


Emptied barrels are sent to GDA.   


Those waste whose code is not in the License of the Waste Incineration Plant are stored in GDA until they 


are transferred to another disposal company with an appropriate license. HSE Department gets an 


appointment from a disposal company with an appropriate license for the disposal of the waste and the waste 


is sent to the disposal company with licensed vehicles. 


  


B. Recyclable Waste: 







 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 74  


 


Packaging contaminated with hazardous materials, Category I waste oil and waste chemicals are in this 


class. 


Collection and transportation of the waste: For the packaging contaminated with chemicals produced as 


a result of production operations and oils in Category I, an "Internal Waste Form" is filled by the waste 


producer  and a request is sent by Sales Logistics to  Sales and Marketing for the selling of the waste sent to 


GDA by STAR  vehicles or the subcontractor vehicles, to the licensed recycling facilities.  


 


Disposal of Waste: The waste is transported to the licensed recycling companies selected by tender by 


Sales and Marketing, with the licensed carrier vehicles and are recycled. During the transportation, HSE fills 


a "National Waste Transport Form". 


  


C. Storable Waste: 


  Those waste which due to its nature are not appropriate for recycling or burning. They can only be 


disposed of by storing in the final storage areas.  


 Collection and transport of waste: An "Internal Waste Form" is issued by the producer for the waste 


produced during the manufacturing and maintenance operations and sent to waste GDA. These waste are 


declared to HSE before they are produced, during their planning. HSE communicates with the licensed 


disposal company and gets and appointment for the disposal of the waste. Purchasing communicates with 


the transport company to require vehicle for the appointment date. Transport costs of the waste are paid by 


the relevant unit according to the who pollutes pays principle.  


 Ash and slag waste from the waste incineration plant are temporarily stored within the plant area and 


regularly disposed of according to the contract made with the disposal company. 


 Disposal of the Waste: The waste is sent to the licensed disposal facility with the licensed vehicles 


according to the appointment date. HSE issues a "National Waste Transport Form" during the transport of 


the waste to the disposal facility. 


 


 5.5.1.2. NON-HAZARDOUS WASTE 


 A. Recyclable Waste: 


 The waste that have no sign opposite its name in the waste list in Annex 4 of the Regulation for the General 


Principles of Waste Management, and that are by nature appropriate for recycling are considered in this 


class. 


 Collection and transport of the waste: Scrap metal and equipments produced as a result of operations 


and recyclable waste like sheet iron for isolation are collected in grey coloured scrap containers. An "Internal 


Waste Form" is issued by the waste producer and waste is delivered to the Material Reclamation Area with a 


container carrier. The waste can also be sent in bulk with subcontractor company vehicles. 


 Disposal of the waste: For the waste collected in the Material Reclamation Area are, after a certain 


amount is collected, Sales Logistics Directorate makes a request to Izmir Sales and Marketing Directorate to 


sell the waste. Izmir Sales and Marketing Directorate selects the companies for the sale by tender and the 


winner of the tender ensured the transport and recycling of the waste. Izmir Sales and Marketing Directorate 


issue consignment note and gate exit bill during the transport of the waste. 


   B. Storable Waste: 
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 The waste that have no sign opposite its name in the waste list in Annex 4 of the Regulation for the 


General Principles of Waste Management and by nature not appropriate for recycling and that meet the 


criteria for the I. and II class storage facility according to "Acceptance criteria for the regular storage of waste" 


in the Annex 2 of the "Regulation for the Regular Storage of Waste".  


 Collection and transportation of the waste: For the storable waste produced in the facilities, the waste 


producer issues an "Internal Waste Form" and the waste is sent to GDA or directly to Harmandalı Solid 


Waste Regular Storage facility. The waste are stored in GDA until it reaches a maximum amount of 5 lorries. 


When the maximum waste level is reached, they are transported with the vehicles of the transport company 


which has signed an agreement with the Purchasing to transport the waste. No waste transport license is 


required for the vehicles. 


 Disposal of the waste: A request is by HSE to obtain the disposal cost of the waste. The waste are 


uploaded to the vehicles of the contracted transport company and sent to the storage facility together with the 


Consignment Note (issued via the EBA system), gate exit bill and 2 copies of Harmandalı Regular Waste 


Storage Facility Disposal Form.   


 5.5.2. DOMESTIC AND DOMESTIC TYPE WASTE 


 A. Packaging Waste 


 Sales and external transport packaging of the products that we use are in this group. Collection, transport 


and recycling of the waste is made by companies which have contracts with Izmir Metropolitan Municipality. 


 Collection and transport of waste: Packaging waste are collected in recycling boxes placed in the 


working areas obtained for paper, plastics and glass in different coloured bags. There are no labels on the 


boxes. All the employees are responsible for throwing the recyclable packaging material to these boxes. 


These different coloured bags inside the boxes are collected by the subcontractor cleaning company 


personnel and thrown into the dark blue Recycling Container by closing their mouth. Filled recycling 


containers are carried to the Sorting Area with the container carrier by the subcontractor company 


responsible for the collection of the waste.  


 Disposal of the Waste: These recyclable packaging waste collected in the waste sorting area in different 


coloured bags are, according to the contract signed, sorted by Recycling Company personnel and regularly 


taken with their vehicles. During the transport of the waste outside of the company, a Consignment Note and 


gate exit bill are issued by the responsible departments or, Expert Engineer or Engineer. 


 


 B. Office Waste 


Those burnable and recyclable type waste that are produced as a result of office and basic living activities, 


excluding the packaging waste are in this group. 


 Collection and transport of waste: Office waste is collected in recycling boxes placed in the working 


areas obtained for paper, plastics, glass and garbage in different coloured bags (yellow, blue, transparent, 


black). There are no labels on the boxes to indicate the waste type. All the employees are responsible for 


throwing the office waste to these boxes. These yellow, blue and transparent coloured bags inside the boxes 


are collected by the subcontractor cleaning company personnel and thrown into the dark blue Recycling 


Container by closing their mouth. Burnable type waste including organic waste collected in Black coloured 


bags are also collected and thrown to the green coloured garbage container. Filled recycling and garbage 
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containers are carried to the Sorting Area with the container carrier by the subcontractor company 


responsible for the collection of the waste.  


 Disposal of the Waste: These recyclable waste collected in the waste sorting area in different coloured 


bags are, according to the contract signed, sorted by Recycling Company personnel together with the 


packaging waste and regularly taken with their vehicles. During the transport of the recyclable office waste 


outside of the company, a Consignment Note and gate exit bill are issued by the responsible department, 


Expert Engineer or Engineer. Waste brought with the garbage containers are taken to the solid waste hole 


from the sorting area and here they are disposed of by burning in the Liquid Solid Waste Incineration Plant.  


  


 C. Organic Waste 


 Food waste produced as a result of cafeteria operations. 


 Collection and transportation of the waste: Organic waste produced in the cafeteria are collected by the 


cafeteria personnel in the gray coloured waste containers located outdoors. These containers are collected 


by Aliaga Municipality.  


 Disposal of the Waste: Cafeteria waste are collected twice a week by Aliaga Municipality and disposed of 


by the Municipality.  


 


D. Excavation Waste 


Waste produced during the construction, maintenance and excavation operations. 


 Collection and transportation of the waste: Waste produced during construction/repair operations are 


transported to "Excavation Storage Area" with the STAR vehicles or subcontractor company vehicles. Before 


the waste is transported to the area, Internal Waste Form is issued by the waste producer. Approval of the 


form by one of the HSE Expert Engineer, Engineer or Foremen. After filling the form, waste producer ensures 


the uploading of the waste to the transport vehicle and sends the waste to HSE. If the waste is considered to 


be appropriate by HSE, a report is issued for the Permission to Discharge to the Excavation Area and the 


waste is carried to the waste discharge area.  


 Disposal of the waste: Waste that are discharged to the excavation area are permanently stored in this 


area and used again within the STAR area as backfilling material when needed.   


 


 5.5.3. MEDICAL WASTE 


 Waste produced in the Health Service are collected as indicated in the Regulation for the Control of 


Medical Waste without mixing in any way with other waste.  


 Collection and transportation of the waste: Domestic waste produced in the health unit are collected in 


the garbage bins, recyclable waste are collected in recycling boxes, medical waste are collected in red 


coloured bags, cutting/penetrating medical waste with the "Medical Waste Box" label on them are collected in 


special waste boxes. 


 Disposal of the waste: Domestic and recyclable waste are disposed of as indicated in the plan. Medical 


waste are collected in the locked "Medical Waste Container" located in an outside area. The medical waste 


collected in this container are transferred to the Medical Waste Collection Vehicle according to the 


agreement made with the Izmir Metropolitan Municipality and are disposed of by Izmir Metropolitan 
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Municipality. These waste are kept under record in the Health Service Unit with "Medical Waste Collection 


Document". 


    


 


6. RECORDS 


STAR Internal Waste Forms are stored within the system. 


UATF (National Waste Transport Forms) are stored for 5 years according to the Regulation for the Control of 


Hazardous Waste.  


Ship Waste Transfer Forms are stored for 5 years according to the Regulation for Receiving Waste from Ships 


and Control of Waste. 
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POLICY 
 
STAR commits that the Project is implemented to the best satisfaction of local communities affected by the 
Project.  
 
In this respect, STAR establishes a local based grievance resolution mechanism that builds strong relations 
with the project managerial staff in the field and the communities. 
 
STAR ensures that the Grievance Procedures are in place through the entire project cycle from land 
acquisition and EIA until the end of the project life.  
 
Major principles of STAR grievance procedures are: 
 


• Transparency in grievance receipt and registration system 
• Accessibility with ease and practicality by community members 
• Predictability based on a clear and known procedure, with time frames for each stage; clarity on the 


types of process and outcome it can (and cannot) offer; and means of monitoring the implementation 
of any outcome, maintained through effective disclosure of the mechanism 


• Equitability ensuring fairness among aggrieved parties 
 
OBJECTIVES 
 
The objectives of the STAR Grievance Process are to: 
 


• provide affected people with ways and means of stating their complaints during the course of the 
project (from land acquisition to operation phase) 


• ensure that corrective actions are identified and taken  
• verify that affected people are satisfied with the corrective actions taken 
• avoid the need for judicial operations 


 
 
DEFINITIONS 
 
Grievance is a concern or complaint raised by an individual or a group within communities affected by the 
Project. A grievance can be relatively minor or a one-time problem; or can be repetitive and widespread 
though minor; or can be significant and causing larger repetitive problems. 
 
Complainant: Complainant of a grievance can be an individual, a family, group of people (farmers, 
fishermen, etc.), community groups, NGOs or local governments (as represented by muhtars of 
villages/neighbourhoods or mayors) 
 
Affected persons and Community: an individual or a group within communities affected by company 
operations. 
 
ROLES AND RESPONSIBILITIES 
 
Community Relations Officer is skilled and trained in community engagement and public communication 
methods. CRO is the coordinator for receiving, recording, sharing, assessing and monitoring grievance on 
behalf of STAR. CRO holds meetings with affected communities on a quarterly basis. 
 
Top management (top level person) is the person who has ultimate responsibility for the system.  
 
All environmental and operations staff on the ground are trained to receive grievance and are responsible 
to convey to CRO. 
 
Community leaders, muhtars, mayors, directors of provincial directorates are enabled to convey grievances 
they receive to CRO. 
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Grievance Advisory Committee is an oversight group with advisory authority, composed of company and 
community representatives who come together upon need of the CRO, to provide strategic advice on a 
particular grievance case. 
 
CONDUCT OF GRIEVANCE PROCEDURES 
 


1. Disclosure of Grievance Mechanism 
CRO informs affected people about the ways and means of expressing all types of complaints 
regarding the project. CRO accomplishes this through complementary mechanisms of regular 
public meetings and distribution of written materials (brochures, leaflets, etc.).  
 
Information includes contact points within the Project Management structure and the mechanism 
that all complaints are recorded, assessed, corrective actions are taken or disputes resolved and 
the affected person(s) are informed on the corrective action. 
 
Information material also makes reference to the poster boards that display possible project 
impacts during construction and measures taken. 
 


2. Receipt of Grievances 
 
 CROreceives complaints from: 


• Directly the affected people 
• Through community leaders,  
• Through muhtars, 
• Through government officials,  
• Through community organizations, 
• Through contractors,  
• Through company environmental and operations staff. 


3. Recording of Grievances 
 
All grievances will be documented to make sure problems are accurately understood and 
handled appropriately. STAR CRO will register the received grievance and record the verbal 
grievances in writing. 
Written submissions will not be used in any way to intimidate the person or organization 
submitting the complaint. 
As a general rule, names of persons submitting a grievance will be kept confidential unless a 
grievance is made in a public meeting. Only the number of grievances and the general nature of 
complaints will be regularly reported. This information will be summarized in a grievance registry, 
but personal information will be kept private. 
Grievances received anonymously will be treated as comments or issues and recorded, but no 
formal response will be issued. 
 
CRO records grievances received through all possible means, in the format of the grievance 
form below. The form includes: 


• the grievance,  
• contact details of the affected person,  
• the date the grievance is received,  
• closure date, 
• status of assessment: Rejected/Corrected 
• Reason for Rejection (if Rejected) 
• confirmation that the complainant was satisfied,  
• management actions to avoid recurrence. 
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Table 0-1: Complaint Management and Grievance Registry 


Date of 
Record 


Aggrieved 
Person(s) 


Source of 
Grievance 


Grievance 
Details 


Redress 
Approach/Action 


Internal 
Action Party 


External 
Action Party 


Status Monitoring Close 
out 
Date 
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4. Screening of Grievances 


 
CRO may reject a complaint if the complainant is outside the project affected communities, the 
nature of the issue is outside the mandate of the grievance mechanism, the complainant has no 
standing to file or other company or community procedures are more appropriate to address the 
issue. CRO informs the complainant if the complaint is rejected.  
 


5. Assessment of the Grievance 
 
CRO conducts the assessment of grievance received. 
 
Where necessary, CRO directs it to an appropriate staff or department (production, procurement, 
environment, community relations, human resources) for assessment. 
 
CRO coordinates for direct and face-to-face communication with the complainant to understand 
the complaint. 
 


6. Formulation of a Corrective Action/Response to the Grievance 
 
While efforts will be made to resolve all grievances amicably, if a grievance cannot be resolved 
within STRAŞ, STRAŞ will seek to involve other external experts, neutral parties or local and 
regional authorities, as necessary. 
 
STAR, depending on the complaint, either undertakes a corrective action or decides on the 
corrective action together with the complainant through dialogue, negotiation, joint fact-finding, or 
a bridge. 
 
STAR may prefer to negotiate through face-to-face dialogue or may bring up the issue in the 
routine community meeting.  
 
STAR may prefer to call in the Grievance Advisory Committee to discuss a grievance case, 
where the grievance pertains to a significant issue that affect overall project performance or the 
grievance may remain unresolved within the committed timelines. 
 
CRO notifies the complainant on the proposed corrective action and the timeframe for 
implementing the action.  
 
All formal grievances will be responded with a formal reply within three weeks (15 working days). 
The formal response will provide additional information or, if appropriate, further instructions on 
proposed measures to resolve the issues. 
 
 
CRO in coordination with the related project managerial staff, ensures conduct of corrective 
action within the agreed timeframe. Where possible, CRO resolves the complaint rapidly once it 
is received.  
 
 


7. Tracking and Monitoring of Grievances 
 
CRO stores each grievance for electronically so that it is accessed internally at all managerial 
levels within the STAR.  
 
CRO closes each grievance with a proposed measure against repeating failures or sources of 
disputes/grievances. 
 
Monitoring Team appends the Grievance Form as part of the regular Monitoring Report 
submitted to the Management Team who tracks project performance of community relations. 
 


8. Handling Workforce Grievances 
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STAR will make sure a mechanism is in place to manage the grievances raised by the workers 
throughout the life cycle of the project. 
 
The Grievance/Suggestion Procedure will be used to manage complaints from workforces or 
other relevant parties. 
 
STAR will also ensure that systems are in place for the workforce to report the HSE concerns to 
the management.  
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EMERGENCY RESPONSE PLAN 
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Emergency Response Plan 


Introduction 


The Project will employ an Emergency Response Plan (ERP) for the construction and operation of the 
Refinery that will ensure the compliance with applicable Turkish legislation, Equator Principles and IFC 
Guidelines and standards. 


The outline of Petkim’s ERP is provided below. The ERP for the Project will be prepared following the similar 
structure and principles; but will further include Project-specific issues and concerns regarding environment, 
employee health and safety and public health and safety.  


Petkim’s ERP to be Adapted for the Project’s Utilization 


1. OBJECTIVES 


The objective of this plan is to prevent emergency and unexpected cases that would adversely affect 
construction and operation activities of the Project and keep operations and services continuing during and 
after the emergency and unexpected cases. A detailed and organized plan, which determines the priorities 
and critical processes and observes the developments and changes, must be implemented to prevent 
possible dangers and hazards.  


Saving employees and customers’ lives will take priority in any event of natural catastrophes which are 
classified in emergency and unexpected cases. 


This guide will inform about type of accidents, impact area, accident responses, environmental harms (to air, 
soil, water, flora and fauna), impacts on natural and cultural heritage and decontamination after emergent 
cases like explosion, fire, leakage and spills. Hence, it will assist to estimate the environmental harms in 
future accidents and provide precautions to prevent.  


2. DESCRIPTION OF EMERGENCY AND UNEXPECTED CASES 


Emergency Case Plan: The formal plan that determines the possible accidents with consequences and 
activities to be done in the facility and surrounding when accident occurs.  
 


Significant Industrial Accident: This is an event that is caused by hazardous substance(s) within or outside 
the facility. It occurs suddenly and unexpectedly (like significant spill/emission, fire or explosion) and causes 
danger for people and environment instantly or in future.  


The emergency and unexpected cases that could interrupt and/or stop the facility activities and services are 
defined as follows; 


a. Natural Catastrophe, (Earthquake, Fire, Storm, Flood, etc.) 


b. Unexpected incidents (fire’s break out, explosion, flooding, etc.) within the building where the 
operations and activities are performed 


c. Terrorist attacks, war and civil unrest, etc., 


d. Infrastructure deficiencies and long power and phone line cuts, water and fuel source deficiencies, 


e. Collapse of facility data processing system, attacks to the of facility data processing system (hacking, 
viruses, etc.), 
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f. Absenteeism due to illness, strikes or traffic accidents 


g. Interruption in the financial markets as a result of extraordinary situations, inaccessibility/unavailability 
of collection and payment systems, 


h. Oil spill  


3. RESPONSIBILITIES 


Emergency Case Team will comprise the employees assigned by Petkim, TÜPRAŞ and STAR. 


Emergency Case Officers 


Emergency Case Officers will be authorized to,  


a. Checking currency of the plans and work flows related to emergency and unexpected cases at least 
once a year, 


b. Conducting updates or modifications on plans and work flows, 


c. Informing Board of Directors on the updates or modifications done, 


d. Determining the severity of emergency and unexpected cases, and calling employee(s) back from 
vacation accordingly 


e. Assigning employees provisionally and taking the decision to keep regular facility activities. 


Emergency Case Officers’ Responsibilities 


Emergency Case Officers will be responsible particularly for deciding the current refinery emergency from two 
possible situations explained below: 


a) When the working environment becomes unavailable or data processing system failure occurs; in 
addition when these two problems cannot be restored in a short time.  


b) When any incidents preventing facility activities and systems occur, even the working environment is 
physically not disturbed.   


Task Distributions of Officers 


Emerge Case Officers/Health & Safety Engineer will be responsible for implementing emergency and 
unexpected case plan, however, in case of an emergency and unexpected cases, all corporate employees 
will, as a rule, be in charge of and responsible for eliminating all risks that may be faced by the company, 
customers and employees. The employees will conduct their tasks and responsibilities concerning the 
directions of and coordination by Health & Safety Engineer and Emergency Case Officers. In an emergency 
and unexpected case, Emergency Case Officers will manage the employees to conduct their tasks and 
responsibilities. Responses to the situations will be performed under the responsibility of Emergency Case 
Officers. Due to the shifts in construction and operation phases, there is also possibility of change in the 
Emergency Response Plan during these stages.  


4. MEASURES TO BE TAKEN PRIOR TO EMERGENCY AND UNEXPECTED CASES 


Measures to be taken prior to as follows: 


1.  Compromising emergency response team (for first aid, fire, earthquake, work accidents, etc.) 
2.  Back-up data: The computer system will be back-up for keeping facility activities to continue during 


emergency and unexpected case. 
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3.  Following the startup of the facility operations, the drills on evacuation and regular emergency case 
exercises are required be done. 


5. ESTABLISHING EMERGENCY CASE PLAN 


The first step in Establishing Emergency Case Plan will be defining local resources that may contribute to the 
activities during emergency cases. These sources and services are as follows: 


a. Ambulance Service / Medical Technicians for Medical services 


b. Fire Department for fire extinguishing, pre-fire planning, rescue from confined area 


c. Hazardous Substance Response / Cleaning Teams for response to leakages 


d. Local Emergency Case Planning Commission (if any) for announce / evacuation 


e. Police / Gendarmerie for strikes, bomb threats, complete evacuation, traffic  


f. Neighboring Facilities for opportunities obtained via correspondences and negotiations, fire brigade, 
hazardous substance response team 


g. Hospital for seriously injured people’s treatment 


• Other emergency case services for weather conditions (like, thunder, cyclone, storm 
warnings), 


• Local media for radio and television stations to announce the emergency case and 
coordination with emergency case response teams 


• Local emergency case officers for evacuation and traffic diversion  


Information obtained from emergency response teams should include,  


Contacts information, contact person, phone no, means of contact, response time and emergency case 
resource capacity. 


The need for the assistance and secondary resources should be included as the integral part of emergency 
case assessments. Collecting and controlling this information will be necessary for preliminary planning and 
coordination upon an emergency case. The information about names, addresses and phone numbers of 
teams should be given in Emergency Case Coordination Contact List. The list should be posted in the 
construction site. 


After determination of emergency case resources, they should carefully be coordinated to for effective 
response. 


List posted in construction site should include following: 


• Negotiations and meetings with emergency case resources, 


• Site plans, procedures and/or maps 


• Site visits to resources for the fire and medical emergency case resources 


• Training sessions held by the participation of fire, medical and confined area rescue teams, 
emergency case drills and simulations.  
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In-site internal resources should be created/generated to respond the fire and leakages and to provide 
medical care, if emergency case response resources within the construction site are insufficient. 


6. TRAINING 


All site employees will be trained about emergency cases in the construction site. The training will cover 
following issues: 


• Alarms used in construction site or facilities in operation and emergency case contact list 


• Evacuation procedures, including the ways and muster areas in the course of emergency cases,  


• Accident reporting procedures 


• Information on locations of first aid kits/equipment and first aid providers, 


• Chemical leakage reporting procedures 


Each emergency case response procedures will be reviewed in order to decide the emergency case 
responses of each one of the employees at the construction site upon an emergency case. List of emergency 
case response team members will include all site first aid teams, leakage response teams, confined area 
rescue team and fire extinguishing teams (if any). Further training sessions will be held for the members of 
emergency case response team. The training requirements of members of the emergency case response 
team will include following: 


• First aid team: training on first aid services 


• Chemical leakage response teams: training on hazardous chemicals 


• Fire brigades: training equivalent to education provided by fire brigade schools, together with 
refreshment     training performed on quarterly basis 


• Use of fire extinguishers: annual training sessions on how to use the fire extinguishers 


• Confined area rescue teams: first aid training, how to use personal protection equipment, how to use 
rescue equipment, and rescue from confined areas to be performed annually. The emergency case 
response drills will be performed to assess the training requirements of emergency case response 
teams. The drills will be performed on annual basis. Following the commissioning of the refinery, 
these drills will be performed in coordination with the customers / employees parties. In such case, 
common emergency case drills might be conducted. 


Drills will be performed according to following criteria; 


• Alarms and warnings used in real emergency cases will be used in drills. 


• The employees will be informed about emergency drill. 


• The drill will be equivalent to the actual case so far as possible by following the procedures that is 
used for an emergency case. 


• The drill will include the coordination of services or assistances provided from outside the facility that 
may be used in an emergency case. 
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• The drills will be documented to prove that all the drills are completed and to control efficiency of 
them. The emergency case procedures will be reviewed upon completion of the drill to ensure that all 
findings are included in the report. 


7. EMERGENCY CASE TEAMS 


Respective equipment will always be made ready in the construction site in order to respond any emergency 
case that may occur in the construction site. The emergency case equipment will be provided with the 
preventive maintenance (service and testing) and monthly checks will be performed. The periodic controls 
will be conducted on emergency case equipment to ensure the availability thereof in response to changing 
site conditions. 


1. Alarm and Communication Systems 


The construction site will be equipped with the necessary alarm systems (announce systems, sirens, warning 
lights, etc.) in order to inform the employees on emergency cases. Care should be observed to introduce the 
operation of the announce system in particular for evacuation as deemed necessary, in order to differentiate 
them from other systems like audio and visual signals and warnings. All alarm and communication means will 
be controlled periodically and tested for proper operation and availability. 


2. Fire Blocking and Extinguishing Equipment 


Potable fire extinguishers will be provided for responding to small-scale fire break outs. Means will be 
provided for practical access to such extinguishers that will be sized in conformity with the hazards and risks 
available within the respective portion of the construction site. They will be provided with the suitable 
maintenance (controls and test).  


• Selection – the fire extinguishers will be selected in conformity with the hazard class and severity. 
The fire hazard classes are as follows: Class A – ordinary flammable materials, Class B – Flammable 
fluids, Class C – Flammable gases, Class D – Flammable metals. The size and capacity of the fire 
extinguishers will be in conformity with the degree of the hazard. 


• Location – the fire extinguishers will be located at specifically designated areas by considering ease 
of accessibility by the employees. Their location will be indicated on a layout plan. 


1. The fire extinguishers will in general be located at the entry of the hazardous areas; however 
proper care should be observed for the safety of the extinguishers. 


2. Care should be observed for keeping away the fire extinguishers at safe distance at about 15 
m away from the source of fire to ensure rapid response in the areas where risk of fire is high. 


3. The location of the fire extinguishers should be located at prominent places and care should 
be observed to eliminate any inadvertent blocking of vehicles parked or goods stored. 


• Maintenance (control and testing) activities will be performed to verify physical conditions and 
availability of the portable fire extinguishers.  The fire extinguishers will be provided with the service 
inspection and hydrostatic testing operations within the established procedures with respect to their 
technical specifications. 


• All employees who will likely use the fire extinguishers will be provided with proper training on fire 
extinguishing. 


• Response to leakages  


 
Chemical protection devices will be provided in the locations where oil and/or chemical spillage / 
leakage are likely. The need for purchasing, storing or maintaining the chemical protection devices 
will be reduced. In any case, reasonable amount of chemical protection equipment will be necessary 
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to respond to minor oil or chemical substance leakages. Following equipment might be cited for 
frequent and moderate responses to the chemical hazards: 
 


• Flammable gas indicating, detecting and locating devices 


• Gloves, aspiration apparatus, boots, chemicals protective garments and similar personal protective 
equipment, 


• Means of blocking the leakages, like manhole cover, etc. 


• Fine sawdust, sand, absorbent pillows or similar absorbing substances to collect and dispose leaking 
chemicals, 


• Vacuum pump to dispose of large amount of the accumulations within the ditches or barrels or 
remove the materials left in the burst barrels or vessels 


• The plugs and unions to be used for blocking the leakage from the barrels and vessels, 


• Barrels and containers to store the effluents and waste materials or repair or disposal equipments for 
handling the leaking barrels and vessels. Open or sealed barrels will be for containing the solid and 
liquid wastes, respectively.  


 
The equipment available for absorbing/containment of the liquids will be located with due care for 
ease of access to be used upon an emergency case. The periodic inspections will be performed for 
the presence and availability of such equipment. 


8. EMERGENCY CASE PROCEDURES 


a. Evacuations 


Following requirements will be observed in order to evacuate the work site on an emergency case and initiate 
the operations for emergency case in an efficient manner: 
 


• Alarm or announcement system to warn the employees on the emergency case 


• Unblocked ways to ensure safe escape of the employees in case of emergency 


• Suitable escape route/distances for effective evacuation 


• Allocation of muster areas and counting procedures 


Muster area: 
 


1. Should have enough distance from the operation facilities and oriented with respect to the wind 
direction in order not to be exposed to the chemical leakage or fire flames.  


2. Should be close to main roads and ways, 


3. Should be away from main site passage ways to prevent jamming and chaos in the course of an 
emergency case. 


4. Should be big enough for people to muster 


Number of employees should be mustered immediately upon completion of the evacuation. The contractors 
and/or subcontractors will be responsible for assigning a person in charge for determining the presence of 
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the employees in the muster area. Upon completion of muster of the employees, the information will be 
provided to Site Manager by the Principal Contractor or else, Emergency Case Officers. If anyone is absent 
or if someone is suspected as being in trouble, this will immediately be informed to emergency case 
response team. The emergency case response team will immediately look for the absentee(s). No one will be 
allowed to enter into hazardous area, except trained employees with protection equipment. 


b. Fires 


The fires may affect all operations; however majority of the fires can be distinguished. The fire preventing 
measures involve the efforts to eliminate or reduce the sources of the fire to minimum. Presence of the 
respective fire sources should be searched in all phases of the construction works for taking necessary steps 
to prevent the fire to break out.  


The procedures should be established to start the alarms, inform emergency case response teams and 
evacuate the building upon detecting fire. The employee who first recognized the break out of a fire should 
immediately notify the service providers. The employees may respond to a fire which has just broken out with 
the fire extinguishers, however care should be observed in responding to bigger fires that call for special 
equipment and training to respond to or, that has already spread to include totality of the building and 
premises.  


The employees should respond the fires with the portable fire extinguishers only when; 
 


1.  There is an opening as the fire starts to spread  
2.  The fire department was or is being notified 
3.  The employee is trained on fire extinguishers 
4.  The fire extinguisher is working. 


The fires that cannot be extinguished by a fire extinguisher should be responded by an external fire service 
provider. As a general rule, the construction site should be organized to include the fire department, unless 
the service provider is able to access to and respond to a fire in 15 minutes, or else, the coordinated service 
should be outsourced in combination with the fire brigade. 


c. Medical Emergency Cases 


 


All premises within the construction site should be equipped with the health units providing basic first aid 
services. These units should provide cardio pulmonary resuscitation services in addition to first aid to by the 
expert having trained on such services. [according to First Aid Regulations, one employee out of ten should 
have basic first aid training]. There should be at least two employees who are in charge of providing first aid 
and resuscitation services at every department units, in particular any delay in responding upon emergency 
case is unacceptable. The construction site employees who are provided with training on the first aid and 
resuscitation should be provided with the necessary personal protective equipment and protection measures 
against contagious diseases that are infected through blood. The provisions of medical service nearby the 
construction site should be taken into considerations. They may include the special medical services the 
ambulance / emergency case medical services, clinics, hospital, 24-hour emergency case rooms, intensive 
care, burn center. In addition, the contact address of such medical centers or mean to access (and/or 
location map) should be made available. It is necessary to have exact information the availability of the 
service provides upon an emergency case, in order to make sound decision for a medical emergency. 


The most important criteria to be taken into consideration for any medical emergency case will be observing 
the necessary precautions to prevent the contagion of diseases through blood. The control program should 
be implemented to minimize the risk of the contagion through blood fluids via engineering and 
implementation controls, use of personal protective equipment, observe hygienic measures and disposal of 
the medical wastes pursuant to outstanding regulations. The employees should be trained in all these 
implementations. Those under risk of infection should be provided with training on contagion through blood 
fluids. 
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d. Chemicals and Oil Leakages 


Diverse methods are available for responding to the chemicals and similar substances that might require the 
observance of respective rules. The responses and their procedures also differ in regard to the type and 
amount of the substance in question. 


First of all, complete information on the chemicals and substances should be provided in order to make an 
assessment for the degree and scope of the necessary precautions and means of responding to potential 
leakage. Material safety data sheets (MSDS) will be used for finding out hazards caused by each chemical.  


The chemical hazard information will be made use in order to perform the chemicals leakage response 
planning on the chemicals that might cause an emergency case. During response to a leakage, the 
measures should be introduced in particular for the inflammable (like solvents, gasoline), toxic, abrasive, 
explosive or radioactive chemicals that are collectively stored within dedicated warehouses. 


Upon determining hazards and their possible effects, the measures should be taken to control the occurrence 
of the events that may cause to any hazardous leakages of the chemicals. The decision should be adopted 
for the response services to be performed either within the construction site and/or outsourced by means of 
contract with the service provider(s). The outsources should be used as service provider(s) in cases the 
emergency case is not likely responded within operation’s own response teams. These services may include 
the involvement of the in-house fire department or chemical substances response teams. The key point here 
is that the hazardous/ chemical spillages and/or leakages should be responded in an effective manner. 


Intensive training and equipment supply will be required to accommodate fully equipped in-house response 
teams and therefore, employees will only be able to respond minor cases. Minor spillages/leakages might be 
responded and controlled with the employees working in site. Usually minor spillages/leakages do not give 
rise significant health and safety problems. Responding to a spillage/leakage by a professional outsourced 
service provider(s) will be necessary, depending on the size and type of the substance in question.  


Following measures should be observed in case of oil or chemicals spillage 


• Management and control - to ensure isolation of the emergency case and prevent unauthorized entry 
except those in charge of responding the case with their personal protection equipment, 


• Obtaining full information – to be provided on the definition, type of material, volume of spillage, 
spillage area (like, soil, pavement, sewers, etc). 


• Risk assessment with reference to the material safety data sheets, 


• Selecting regular and special personal protection equipment/outfits, providing additional personal 
protection equipment as per the emergency case in question. Such determination will be made on the 
basis of the information available under assessment with reference to the material safety data sheets 
(MSDS). 


• Controlling the spillage/leakage, with methods applicable depending on the substance in question. 
Patching or blocking the leakage/spillage point, releasing the pressures of the containers/vessels, 
transfer/disposal the product contained, use of absorbent material, etc. should be considered. 


• Purifying personal protection equipment and tools and equipment used during response to the 
emergency case, which are contaminated with spillage/leaked substances. 


• Closing emergency case response operation upon briefing and discussing the operation together with 
relevant formal documents 


• Reporting the emergency case to Health & Safety and other relevant departments. 
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e. Emergency Weather Conditions 


The emergence weather conditions that may influence the progress of the construction include the torrent or 
tornado, cyclone, flood and severe storms. The local weather conditions center (metrology) should be 
contacted for the possibility of any of such emergency cases. 


Torrents or Tornados 


They are severe tropical storms. They bring forward the severe rain, huge waves that heavily hit the coastal 
area and give rise to cyclones. To establish the procedure to respond to the severe weather conditions, 
following measures should be observed within the construction site: 


• Early warning and precise monitoring the storms are crucial and therefore, weather conditions should 
be followed from radio and television with respect to the route of severe storms. 


• The coordination with the local authorities might be necessary to implement complete evacuation of 
the effected region. Upon a general alarm, the measures should be taken to protect the equipment 
and structures within the construction site. 


• It is also necessary to make an assessment whether the records and computer data should be kept 
within the construction site or will it be possible to maintain the same safely within the operations. 


• When evacuation is to be made, the construction site employees should desert the construction site 
to a safer area. 


• Following the emergency case, the check is to be made to return the respective employees to the 
construction site Prior work, all structures and equipment should be check, including the scaffolding, 
platforms and cranes. 


Precautions against cyclones 


• The information on the possible cyclones must be obtained and warnings must be considered. 


• Announce should be issued to the construction site employee on the likeness of the cyclone, if the 
official warning is provided (on the prediction or determination of the cyclone by radar). 


• The evacuation procedures should be initiated and the employees should be directed to the shelter 
within or outside the construction site. 


• A civil engineer or local emergency case management organization officer my help determining the 
suitable shelter within the construction site. Safe underground locations might be considered, 
however small rooms and corridors at the bottom floors of the buildings or brick or concrete rooms 
with roof located distant from the doors and windows are considered as safe. The conference rooms, 
dining halls or big rooms with flat and wide roof as well as light modular offices or modular rooms are 
not considered as safe locations. 


• Following the emergency, the damage should be assessed and repaired. Before commencing, all 
structures including scaffolds, platforms and cranes should be checked. 


• Many sites may expose to severe storms which bring along heavy snow, icing, strong wind, frosting 
and cause road blockages, structural damages or blackouts. 


 


The following actions shall be taken in the sites where a severe storm is expected 
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• The procedures required for releasing the employees earlier depending on the changing weather 
conditions, 


• Shelters for protecting the employees stayed in the site 


• Following the emergency, the damage should be repaired and snow and ice should be removed from 
parking lots, access roads, walkways, platforms, scaffolds etc. 


Flood  


Flood is one of the most common natural catastrophes and may occur in many places due to the melting-
down of winter snow, spring/autumn rains and severe storms. While many of the floods develop slowly in a 
few days, the development of the sudden floods caused by very severe storms may take a few minutes. 


In order to determine likelihood of flood development in the construction site 


1. The flood history of the regions as well as the altitude of the region from the springs, rivers, or dams 
should be taken into consideration or emergency management organizations should be contacted. 


2. In the site, measures should be taken against flood and flood response procedures should be 
established. 


Certain procedures regarding the flood response in the construction site and after commissioning of 


the facility shall be established taking the following points into consideration 


• How flood alarms will be followed in the site 


• How the respective activities are is coordinated with the community emergency plan.  


• Staff evacuation roads and a place having a higher altitude. 


• Warning and evacuation procedures and help for employees for those who need for transportation. 


• The procedures for implementing sudden flood emergency measures.  


• The procedures for moving the transportable materials to a place having a higher altitude 


• Damage assessment and repair when water subsides 


• Re-testing of the land and adjustment of the slopes accordingly before starting to work on the 
excavation since the land becomes unstable during the flood event.   due to the fact that the land 
where the flood developed is extremely unstable. 


Earthquakes 


Earthquakes occur suddenly. They may cause serious damages in the buildings, damage utilities and 
telecommunication, and lead to erosion, sudden floods and fires. During earthquake, the falling objects such 
as the lighting fittings, ceiling or similar things pose danger. 


In case of the possibility of the site to be affected by earthquakes, the following measures should be 


taken in order to minimize the potential risks 


• During construction of buildings or the comprehensive modifications, local or international legal safety 
rules should be followed 


• The potential damages on the critical processes that have a potential to lead secondary emergencies 
(such as electricity, pressurized pipes and tanks, fire and cooling water systems, electrical circuits, 
hydraulic lines) and on the telecommunication systems should be considered. 
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• The potential damages caused by falling objects, spillage or breakage should be minimized by 
maintaining the heavy objects on the lower shelves or on the floor and fixing the shelves, high 
furniture, desktop equipments, lighting fixtures, bigger equipment and heavy machines on the floor or 
on walls. 


• Specifically, it is vital to exercise earthquake drills and trainings for lives of the employees since the 
earthquakes occur suddenly and it is not possible to coordinate a response till the end of the 
earthquake. 


• During the training, the employees should be taught to hide under a solid furniture such as a table or 
lean against a wall. If they are in an outdoor environment, they should go to an open area away from 
any buildings, street light or power lines. 


• Following an earthquake, the response procedure should be commenced. It includes the 
determination whether evacuation is necessary or not. If necessary, alarm should be given and the 
employees should go to the muster area decided in the plan before. 


• If there is any missing employee after count, the response staff should be notified  


• The damage in the site should be assessed and repaired. 


• Before starting the repair works, all structures such as scaffolds, platforms and cranes should be 
checked. 


f. Rescue from Confined Areas 


In confined areas where the employees work, suitable procedures should be implemented in order to rescue 
the employees. Rescuing from confined areas should only be carried out by the trained staff with personal 
protective equipment. The arrangements for rescuing from confined areas can be prepared by 
customer/plant or external groups such as local fire departments. External support should be provided within 
a sufficient time for an effective rescue operation. In both cases, Confined Space Rescue Team should be 
organized before entering the confined space. In addition, the required medical aid should be made available. 


g. Rescue from Wreckage 


In case any employee is trapped in the wreckage, the Civil Defense Teams such as the local fire department, 
the emergency medical and rescue services should be contacted. It is forbidden for the site staff to enter into 
the wreckage since it may continue to collapse. No mechanisms or equipment is used for rescue operations 
since they may cause additional injuries. 


h. Rescue from Height 


In case any employee is stuck in a lift, platform, working spaces in height or scaffolds or as a result of a 
falling, rescuing from height may be required. In such cases, the fire department should be contacted. In 
order to ensure that the rescue team will come together with the other related response teams, the rescue 
team should clearly be informed about the place where the employee is stuck and height. If it is possible to 
reach to the stuck employee by use of a safe ladder, on-site rescue can be carried out. If it is not possible to 
rescue the employee from unstable equipment or reach to the employee by a ladder, rescue task will not be 
attempted. In order to ensure that injured employees or employees in shock, victim(s) and rescuers do not 
get injured more, the rescue task shall only be carried out by the external rescue teams. 


i. Civil problems 


The civil problems such as bomb threats, sabotage and strikes occur with a little alert and seriously threat the 
security of the employees. In such cases, the evacuation responses are similar to that in case of a fire or 
natural catastrophe. Civil problems involve special conditions which affect the responsibilities. For example, 
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they may require alternative procedures to warn the employees with telecommunication cuts or alarm 
systems. In such cases, proper response requires planning and explaining the procedures to the employees 
as well as coordination with local police/gendarme and emergency services. In case of a security threat such 
as a civil problem or attack, local police/gendarme should be contacted immediately. Nobody including the 
security staff should attempt to deal with any employee having a potential to use violence unless and until 
local police/gendarme arrives. 


The following actions should be taken if the site receives threat calls: 


• The person answering the threat call should stay calm and try to obtain as much information as 
possible. 


• The obtained information should be written down. 


• If a threat or disturbing call is received, the person answering it should notify the site manager and 
police/gendarme about such call. This call should not be told anyone, unless the site manager 
instructs in this way.  


• The persons who are possible to receive such calls, such as the site manager, office managers etc. 
should be trained about the relevant procedures. 


9. POST-EVENT 


a. Reporting 


All incidents including fires, explosions, material damages, lubricant or chemicals leakage and important 
accidents in which an employee is injured should be reported to the Contractor’s Occupational Safety Expert / 
Manager. 


b. Press Relations 


The followings should be ensured about the press/public relations regarding the emergencies: 


• It should be ensured that in the facility, a person is designated to be responsible for the press 
relations and all relations should be carried out by him/her. 


• This person should be trained on the press relations. 


• An assistant should be designated to assist with the person responsible for press relations in the 
written and oral press statements. 


• All press statements should be made and approved y the construction manager. 


• A procedure should be established to restrict the entry of the press into the site. 


• Generally, nobody but the response teams should be permitted to enter into the site during the 
incident. 


• A procedure should be established to address the requests of the employees and their families 


• Procedures should be established to use the press effectively for stating the need in the emergencies 
and the current situation. 


• Procedures should be established to address the requests and concerns of the employees and public 
after an emergency. 
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• Procedures should be established to address the questions about the chemical or smoke intoxication 
which can be prepared by the public and emergency authorities. 


9. RESPONSE TO OIL SPILLS 


Basic Principles 


• The Risk Assessment and Emergency Response Plan for Petkim Port has been completed in 2008 
along with the requirements of “Law on Principles for Emergency Response and Compensation of 
Losses in Pollution of Marine Environment by Petroleum and Other Hazardous Substances - 
No.5312” and of “Regulation of Implementation of the Law on Emergency Response and 
Compensations on Marine Pollution by Petroleum and Other Hazardous Wastes”. 


• This regulation requires the definition of the type, content, amount of the oil spill response equipment 
in the light of the findings of the risk assessment and oil spill modeling performed as part of the 
above document. 


• At the moment the PETKIM has defined the oil spill response organization in compliance with this 
regulation and the risk assessment study performed. 


• This risk assessment study will be updated for the STAR refinery and jetty conditions. 


• The actual and final oil spill response organization and equipment will be defined in the accordance 
with the outputs of this study. 


In this section the defined and working oil spill response plan of PETKIM is summarized in order to provide 
an indication of the STAR final oil spill response plan.  
 
STAR will provide emergency scenarios and emergency plans to cope with oil spills and impact on the marine 
environment. “Emergency and Oil Spill Resonse Plan” which will be prepared by STAR will also including 
offshore scenarios (e.g. ship impact, oil leaks during unloading operations etc.) 


 


Definition of the required response equipment: 


 


While defining the details of the oil spill response equipment material; following points have been taken into 
account: 


• Results of the risk assessment and oil spill modeling study 


• Legal requirements  


• Distance of the STAR facility to nearby facilities 


• Physical structures at the facility 


• Dominant wind and current directions and resulting spill movement speed 


• The necessity of closing the access/ingress to Nemrut Bay 


• The dimensions of the vessels approaching to the facility. 


Types of the oil response equipment 
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Below is the general list of the oil spill response equipment that would be available at the STAR facility. The 
dimensions and the quantity will be finalized after the update of the risk assessment study mentioned above. 


• Barrier 


• Sorbent pad 


• Sorbent boom 


• Skimmer 


• Pumps 


• Emergency/mobile  power sources 


• Hoses 


• Dispersants 


• Life west 


• Boats 


• Mobile water sprayers 


• Mobile foam sprayers 


• Ambient air quality measurement equipment (for emitted chemicals) 


• Land/shore cleaning equipment  


• Logistic vehicles 


• Communication equipment 


• First aid equipment 


• Firefighting equipment 


• Mobile storage equipment 


• Recording devices 


• Personnel protective equipment 


• Lighting equipment 


Organization and responsibilities 


The internal organization and definition of responsibilities will be done following the principles summarized 
above and will include the following: 


• Operation Coordinator 


• Media Coordinator 
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• Event safety unit 


• Event Safety coordinator 


• Consultant units (Fire, safety, environment) 


• Planning 


• Environmental coordinator 


• Information desk 


• Operation(coordination) 


• Marine operation/coordination 


• Air operation/coordination 


• Wild life responsible 


• Waste handling 


• Equipment/logistics 


• Procurement 


• Support team 


• Medical/company doctor 


• Transportation 


• Security 


• Communication 


• Recording 


• Actual Response team 


Response Organization 


The response organization details will be defined as: 


• Tier 1 (facility response and coordination is required) 


STAR will be defined the oil spill response organization in compliance with releated regulation and the 
risk assessment study will be performed with accredited a third party. Oil spill staff personnel will be 
trained by third party. 


According to the regulation, Star will purchaced the oil spill response equipment in the light of the 
findings of the risk assessment and oil spill modeling performed as part of the No.5312” and of 
“Regulation of Implementation of the Law on Emergency Response and Compensations on Marine 
Pollution by Petroleum and Other Hazardous Wastes”. 
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STAR will complete “Emergency and Oil Spill Resonse Plan” before S/U of jetties. 


• Tier 2 (regional response and coordination is required) 


• Tier 3 (national response and coordination is required) 


It is legally required to inform the Marine Under secretary Main Research/Rescue and Coordination 
Unit shall be informed at all levels of oil spill. 


• The Tier 1 responses will be handled and coordinated by STAR 


• The Tier 2 responses will require regional support. The coordination responsibility for Tier 2 
responses will be with Izmir Governor 


•  The Tier 3 responses will require national support. The coordination responsibility for Tier 3 
responses will be with Ministry of Transpot Marine and Comminication.  


BY legislation STAR will sign a protocol with nearest emergency response center to respond to Tier 2 
and Tier 3 type oil spills. 


 


It should be ensured that all employees are informed via a form entitled “I’ve read and understood the Site 
Emergency Response Plan” (this form should include Contractor/Department, Name and Surname, 
workplace, signature and date.) 
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POLICY 
 
STAR adopts best transport safety practices across all aspects of project operations with the goal of 
preventing traffic accidents and minimizing injuries suffered by project personnel and the public.  
 
 
OBJECTIVES 
 
The objectives of the STAR Traffic Safety Management Procedures are: 


• to prevent and control land traffic related injuries and fatalities as related with project operations  
• to prevent negative impacts of marine traffic on other users of the Aliağa Bay (i.e. fishers, etc.)  
• and to minimize fuel consumption at all stages including construction and operation. 


 
 
ROLES AND RESPONSIBILITIES 
 
Site Manager  is responsible for coordinating all transport and traffic activities at all stages of operations of 
the Project. 
 
Site Manager supports construction staff in the planning and coordination of traffic management activities in 
timely and efficient manner. 
 
Operations Traffic Manager  (OTM) is responsible for managing the planning, development, 
implementation, revisions, and approvals with the relevant authorities and stakeholders (where required) of 
the Traffic Management Plan. OTM plays the key role in traffic safety with responsibilities to:  
 


• Support the construction staff in the planning and coordination of traffic management activities in 
timely and efficient manner.  


• Manage the day to day operations and work load of the traffic control team. 
• Ensure the OH&S needs of all staff, especially traffic control team members are met.  
• Manage the delivery of materials and entry of vehicles to site on a day to day basis, this includes 


providing traffic control as required. 
• Liaise with construction staff and traffic control teams, in the planning, coordination, and monitoring of 


traffic operations, and to facilitate the implementation of corrective actions.  
• Prepare necessary reports, and maintain incident records and inspections logs.  


 
Community Relations Officer(CRO) represents the Project for all community and stakeholders issues; 
conducts consultation with stakeholders for traffic planning, and provide an ongoing liaison role and prepares 
and distributes changed traffic condition information to road users, fishers in the Aliağa Bay, transport 
operators and local communities.  
 
Project Manager is the top level person who has ultimate responsibility for the system. 
 
All environmental and operations staff on the ground are trained to receive grievance and are responsible 
to convey to CRO 
 
Community leaders, muhtars, mayors, directors of provincial directorates are enabled to convey grievances 
they receive to CRO. 
 
 
CONDUCT OF TRAFFIC SAFETY PROCEDURES 
 


9. Day-to-day traffic management 
 
OTM 


• ensures that access is via only specified access routes defined in consultation with 
stakeholders. 


• makes necessary planning as related with timing of traffic flows such that heavy traffic 
loads on main public roads is avoided. 


• makes sure that compliance with local traffic regulations is attained 
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• ensures that designated shipping lanes are used by Project vessels 
• cooperates with CRO to give advance notice to fishers as regards vessel arrivals and 


departures  
 
STAR puts particular concern on minimizing: 


• traffic routes through communities 
• distance travelled by employees 
• distance over which equipment and goods are transported  


 
To achieve this, the OTM may prefer railway and marine traffic routes. 
 
 
Regular Trainings  
 
OTM ensures that all drivers are trained in accordance with driver training requirements. OTM approves 
project driving certificates for each driver and for each type of vehicle based on drivers’ skills and knowledge 
of driving rules and other contents of driving training. 
 
Regular trainings include topics related with: 


• Project HSE Requirements 
• Driver training 
• Project EMP Requirements 


 
 
Maintenance 
 
STAR is responsible for monitoring the condition of the roads used by project traffic related with land-based 
activities. For marine operations, STAR complies with PETKIM procedures for port operations and marine 
traffic and emergency response plans. 
 
OTM is responsible for monitoring condition of roads used by project traffic and for ensuring that they are 
maintained in a condition that is at least as good as the condition they were before the start of construction to 
the satisfaction of authorities and landowners. 
 
 
Vehicle Management and Maintenance  
 
OTM makes sure that all vehicles are maintained in accordance with the manufacturers’ specifications. This 
includes compliance of vehicles with all safety related specifications and maintenance of vehicles to 
manufacturer specifications.  
 
 
Marine Traffic and Navigation  
 
OTM may prefer to establish exclusion zones or restrictions on the movement of tankers and support vessels 
could be permanently or periodically for ensuring safe navigation. 
 
Community Relations and Community Safety 
  
Site Manager ensures that all traffic management measures are planned, implemented and maintained in 
accordance with possible requirements of relevant stakeholders. 
 
OTM is responsible for informing local communities at all stages where adverse impacts of traffic may occur. 
 
OTM cooperates with the CRO for taking community preference on  alternative routes, diversions, closures 
and periods of land-based traffic. OTM and CRO also communicate with fishers and other users of the 
marine environment in designating lanes and exclusion zones for marine traffic management. 
 







 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 102  


 


OTM cooperates with the CRO for informing communities on the agreed time schedules and 
routes/diversion/closures. OTM also cooperates with the PCO for dissemination of changed traffic condition 
information to potentially affected parties, including road users, local communities and transport operators.  
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CHANCE FIND PROCEDURE 
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CHANCE FIND PROCEDURE 
 
 
POLICY 
 
STAR appreciates cultural heritage puts particular concern on avoiding impacts on cultural heritage that 
could be affected by the Project. 
 
 
OBJECTIVES 
 
The objectives of the STAR chance find procedure are: 
 


• to mitigate damage and risks to identified archaeological and cultural heritage; with a view to 
supporting the conservation of cultural heritage in the context of STAR Project 


• to make sure that all project staff are aware and trained on procedures of protecting cultural heritage 
and archaeological resources prior to undertaking any activities that could potentially affect these 
resources 


• and to ensure compliance with laws and regulations related with archaeology and cultural heritage. 
 
 
ROLES AND RESPONSIBILITIES 
 
Site Manager  is responsible for supervising all field teams at  the stages of construction and operation.  
 
Health Safety Environment (HSE) Manager is responsible for the overall management of environmental 
issues, which also includes cultural heritage. E&S Manager cooperates with the Site Manager with regards 
requirements of the cultural heritage legisation and respective implementation of Chance Find Procedures. 
 
Environmental Team works under the HSE Manager and is responsible for guiding the field staff in event of 
a chance find. 
 
Archaeology Consultant is hired to give periodical trainings to the field staff, mainly during construction 
stage when earth works are the most intense. The consultant is referred in the event of a chance find for his 
advice and for recording the found items. 
 
Project Manager is the top level person who has ultimate responsibility for the system. 
 
All environmental and operations staff on the ground are trained to recognize possible archaeological and 
cultural heritage resources and to take necessary immediate actions in compliance with the national legal 
framework. 
 
 
DEFINITIONS 
 
Cultural Heritage: movable or immovable objects, sites, groups of structures, and natural features and 
landscapes that have archaeological, paleontological, historical, architectural, religious, aesthetic or other 
cultural significance 
 
Chance Find: Physical cultural heritage encountered unexpectedly during project implementation. 
 
CONDUCT OF CHANCE FIND PROCEDURES 
 


10. Event of Chance Find 
 
Site Manager ensures, in the event of a chance find, that: 
 


• Works are ceased as directed by the Archaeology Consultant; 
• District Museum Directorate is notified to undertake an initial investigation of the find  







 


 


STAR Project 


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP10- 105  


 


• A report is prepared and issued by the Museum Directorate to the Ministry of Culture and 
Tourism with recommended action.  


• Actions recommended Museum Directorate are implemented in the presence of qualified 
archaeologists and Ministry staff. 


  
 


11. Trainings  
 
Site Manager ensures that all field staff  are with regards cultural heritage issues. This will 
include basic guidance in recognizing archaeological features and artifacts, and in responding 
properly to guidance from the HSE Team Members with respect to cultural heritage 
management. 
 
The HSE organizes periodic training seminars delivered by an archaeological consultant to STAR 
field personnel with regards major works in a high risk area. Trainings are provided in a practical 
form, and includes the following information: 
 


• A brief summary of the importance of cultural heritage and why steps must be taken to 
safeguard it; 


• Summary of ‘chance finds’ procedure and protocols in so far as it relates to 
maintenance/repair teams; 


• A list of archaeology, monuments sites and culturally sensitive areas previously identified 
in an area of proposed activity; 


• Photographs and descriptions of the types of artifacts that may be encountered. 
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12. Dissemination of Information 


 
In the event of a chance find or an unavoidable impact on a significant area, STAR will take 
consultant service for an archaeological expert for recording the finds and documenting the finds 
in compliance with Turkish regulatory standards.  
 
STAR works together with PETKIM ensure that information pertaining to significant Finds is 
shared with the scientific community via academic journals and seminars. 
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PURPOSE


The purpose of this monitoring report is to fulfill the obligation under the CTA Clause
16.15 requiring STAR to provide the Lenders with periodical information about
Environmental and Social Matters arising in relation to the Project Company (STAR)
and/or the STAR Refinery Project during financial half year ending in June 2015.


In particular it is required to provide information about the compliance with:


· Environmental and Social Standards


· Environmental and Social Laws


· Environmental and Social Action Plan


· Environmental and Social Monitoring Plans


This report is intended to be issued on a semi-annual basis during the construction phase
and on an annual basis during the operation phase of the Project.


APPLICATION


This document refers to the EPC and operation phase of the STAR Refinery Project (the
“Project”)


DEFINITIONS


PROJECT COMPANY: STAR Refinery A.Ş (“STAR”)


PMC CONTRACTOR: AMEC Foster Wheeler (“AMEC FW”)


EPC CONTRACTOR: Joint Venture between
TECNICAS REUNIDAS, SAIPEM,
GS E&C, ITOCHU (“JV”)


ENVIRONMENTAL CONSULTANT:  Golder Associates (“GA”)


LENDERS:


ECA Direct Lenders
· EXPORT DEVELOPMENT CANADA
· EXPORT-IMPORT BANK OF THE UNITED STATES
· JAPAN BANK FOR INTERNATIONAL COOPERATION


Commercial Lender
· T.GARANTİ BANKASI A.Ş.


CESCE Lenders
· Banco Popular Español, S.A.
· Banco Bilbao Vizcaya Argentaria S.A.
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· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.A.E.
· ING Bank, a Branch of ING-DiBa AG
· CaixaBank, S.A.
· Banco Santander, S.A.
· Société Générale


K-SURE Lenders
· BNP Paribas, Seoul Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank AG, Hong Kong Branch
· ING Bank, a Branch of ING-DiBa AG
· The Korea Development Bank
· KfW IPEX-Bank GmbH
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


NEXI Lenders
· BNP Paribas, Tokyo Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank, Tokyo


Branch
· ING Bank N.V., Tokyo Branch


SACE Lenders
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.p.A
· Intesa Sanpaolo S.p.A., Dubai Branch
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


LENDERS’ ADVISOR: D’Appolonia (“DA”),
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ACRONYMS


AP Action Plan
Project STAR Refinery Project
BAP Biodiversity Action Plan
BAT Best Available Technology
EBRD European Bank for Reconstruction and Development
EHS Environmental, Health, and Safety
ERP Emergency Response Plan
ES Environmental and Social
ESAP Environmental and Social Action Plan
ESHS Environmental, Social, Health and Safety
ESIA Environmental and Social Impact Assessment
ESMP Environmental and Social Management Plan
ESMS Environmental and Social Management System
EU European Union
GHG Greenhouse Gas
GUIDELINES Company management plans, which are listed in the ESAP and to be


provided to Contractors to explain how they have to develop their
Management plans in line with the requirements


HS Health and Safety
IFC International Finance Corporation
OHS Occupational Health and Safety
PR Performance Requirement
PS Performance Standard
QRA Quantitative Risk Analysis
SEP Stakeholder Engagement Plan
SOCAR State Oil Company of Azerbaijan Republic
STAR SOCAR Turkey Aegean Refinery
WWTP Waste Water Treatment Plant
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1.0 INTRODUCTION


1.1 Context


STAR Rafineri A.S. (hereinafter referred to as “STAR”) is the developer, owner and
operator for a greenfield complex crude oil refinery (hereinafter referred to as the “STAR
Refinery”) in Izmir region within the framework of STAR Refinery Project (hereinafter
referred to as the “Project”).


STAR requested support from the Lenders for financing the Project and identified
potential environmental and social impacts of the initiative within scope of an
Environmental and Social Impact Assessment study (“ESIA”) which has been disclosed
to the Lenders.


The Lenders requested STAR to carry out several actions and to comply with dedicated
clauses in order to assure the financial closure of the Project. A dedicated Environmental
and Social Action Plan (ESAP) has been prepared by Lenders with the support of
D’Appolonia (DA, acting as Lenders’ Environmental & Social Consultant) to achieve full
compliance of the Project in accordance with the applicable requirements (Turkish
regulation and IFC ESHS policies and standards).


The Lenders requests have been summarized in a list of 26 items which contains
reporting Item ID, Item description and Lenders’ specific requests for each item. STAR
agreed with Lenders in provision of implementation deadlines and progress indicators for
each of the ESAP Items.


The ESAP Items are detailed in the following Table:


ESAP
Item Description


1 Supplements to the ESIA packages
2 Occupational Health and Safety analyses
3 Process safety
4 Quantitative Risk assessment (QRA)
5 Environmental and Social Management System
6 Stakeholder Engagement Plan
7 Emergency Response Plan
8 Employment policy and procedures
9 Occupational Health and Safety procedures
10 Supply Chain Management Plan
11 Resource Efficiency Management Plan
12 GHG Management Plan
13a Air emissions - Prevention and Control into the Refinery fences
13b Air Quality Monitoring program
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14 Sea water and monitoring groundwater plan
15 Waste water management
16 Soil and Contaminated land management
17a Noise Prevention and Control - Source emissions
17b Noise Prevention and Control
18 Fugitive Particulate Matter
19a Waste management
19b Hazardous materials management
20 Workers and Community Health management plans
21 Traffic management plan
22 Security Management plan
23 Biodiversity Action Plan
24 Terrestrial Flora and Fauna Management Plan
25 Invasive alien species prevention
26 Chance find procedure


Finally several Environmental and Social covenants to be fulfilled by the STAR Project
have been included in the Common Terms Agreement between STAR and the Lenders
referring to:


- Environmental and Social Incidents;


- Environmental and Social Monitoring Reports;


- Site Visits/Cooperation;


- Environmental and Social Laws /Environmental Licenses;


- Environmental Claims;


- Compliance;


- Environmental and Social Compliance.


1.2 Summary of previous monitoring reports


The relevant information regarding the previous six-month is included in the following
report:


- Environmental and Social Monitoring Report- Periodical report No. 3 -000-A-
OE-0090053 –Rev. 1 (Semester Ending: July 2015)
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1.3 Summary of the STAR Refinery Project progress


Remaining engineering activities continue to focus mainly on bulk materials, MAC and


MEC scope, vendor document reviews, cable routing layouts, aboveground and


underground piping isometrics, 90% 3D Model review Close-out Reports and reissue


AFC P&IDs during this period.


Equipment deliveries to site of continued and 147 items received at site. Piping materials


and structural steel continued generally in accordance with schedule. 576 equipment


items have been issued with ex-works Release Notes.


Construction is progressing in line with the reforecast schedule. Erection of main


interconnecting pipe racks is almost completed and the erection of the first main


equipment structures has commenced. Offsite piping fabrication continues to progress


ahead of the reforecast. Major equipment installation progressed with the first heavy lift


operation, the 500T HDS Reactor in Unit140. Above ground piping installation


commenced on Unit 600. Interconnecting pipe racks continued in Process unit pipe racks.


Excavation works commenced on Terrace 7 and Piling works for Jetty 3 and the Jetty


Shore Line is ongoing. Foundations for Unit 100 Crude and Vacuum Towers were


completed. The completion of underground piping activities, particularly within Process


and Auxiliary units, continues to be challenging. Overall manpower levels have


continued to increase commensurate with work-fronts.


The following tables present the list of ongoing works according to their types and
completion ratios.
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Engineering 13,9 10,93 11,71 97,97 94,52


Procurement 39,4 43,99 32,69 79,06 59,39


Construction 46,7 20,99 11,76 43,91 26,25


OVERALL (EPC)  100.0 28.67 20,01 65,27 48,78


Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Preparation & General 20,17 15,41 18,73 99,50 83,11


Main Construction &
Pre-commissioning 78,83 22,69 10,13 30,25 12,04


Commissioning & Start-Up 1,00


OVERALL (Constr. + Pre-comm.
+ Commiss. & Start-Up) 100.0 21 11,77 43,92 26,26
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Prep. Novated 43,15 5,5 0,21 100 92,43


Remedial Works 37,21 29,04 31,43 98,73 74,66


Temporary Facilities 7,56 8,24 1,77 99,57 99,60


Site Prep. Extension 12,08 13,24 56,35 100 65,51


OVERALL (Construction
& Pre-comm.)  100.0 15,41 18,73 99.50 83,11







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE           Date: 31 December 2015


 000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER 2015)


Page 13 of 102


PROJECT KEY QUANTITIES


DISCIPLINE DESCRIPTION UNIT  TOTAL
QUANTITY  PLANNED  ACTUAL  Actual %


BUILDINGS


Str.Concr(Cast insitu
Precast) M3 63.984 16.030 17.323 27,1%


Structural Steel Works KG 1.798.656 19.139 -


CIVIL
Concrete cast in situ  works M3 360.158 184.655 176.857 49,1%


Concrete paving and
sidewalk M2 864.410 11.370 376 0,04%


FIREPROOFING Fireproofing M2 201.631


ELECTRICAL


Cable Earthing, lighting
System M 550.348 7.490 14.004 2,5%


Ele Power cable laying M 1.267.635


Ele Control cable laying M 849.081


EQUIPMENT Equipment KG 74.145.870 35.870 770.550 1,0%


INSULATION


Tank Insulation M2 34.176


Piping insulation M2 233.912


Equipment insulation M2 44.643
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PROJECT KEY QUANTITIES


DISCIPLINE DESCRIPTION UNIT  TOTAL
QUANTITY  PLANNED  ACTUAL  Actual %


INSTRUMENT


Instrument NR 35.381


Cable ways M 564.214 - 198 0,04%


Instrument cable M 4.570.860


MARINE
WORKS


Pile driven/bored M 119.415 17.680 16.716 14,0%


Reclamation M3 982.994 161.696 221.753 22,6%


PIPING


Piping UG steel bolt/laying KG 7.724.422 2.466.557 1.532.060 19,8%


Piping UG Welding Dia_Inch 270.294 77.651 61.109 22,6%


Piping AG fabr/weld Dia_Inch 1.792.037 23.520 72.046 4,0%


Piping AG Erection-
hand/bolt KG 50.416.997 151.075 38.695 0,1%


Piping AG Erection-welding Dia_Inch 1.758.469 3.904 639 0,04%


PAINTING
Painting tanks M2 529.618


Painting piping - equip -
structure M2 2.071.928 355 3.459 0,2%


STEEL
STRUCTURE Steel Structure KG 63.058.690 7.972.364 12.354.541 19,6%
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PROJECT KEY QUANTITIES


DISCIPLINE DESCRIPTION UNIT  TOTAL
QUANTITY  PLANNED  ACTUAL  Actual %


TANKS
Atmospheric tanks KG 31.564.996 6.914.341 8.609.497 27,3%


Spheres KG 4.532.728 - 19.463 0,4%


The actual status in relation to the operation of dumping sites is summarized in the following table:


STATUS OF DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume
(m3) Permit Status


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed


2 Areas 2 & 3 2.000.000 1.203.548 796.452 Ongoing


3 Güzelhisar D-1 1.104.731 1.104.731 0 Yes / Completed


4 Güzelhisar D-2 60.000 60.000 0 Yes / Completed


5 Industrial Zone 194.021 194.021 0 Yes / Completed


6 Caltılıdere 2.111.135 2.111.135 0 Yes / Completed


7 Dere Madencilik 4.000.000 877.124 3.122.876 Ongoing
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STATUS OF DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume
(m3) Permit Status


8 Güzelhisar E 2.238.977 2.238.977 0 Yes / Completed


9 Çıtak-1 1.143.784 1.143.784 0 Yes / Completed


10 Çıtak-2 900.000 527.196 372.804 Ongoing


11 MKE 37.995 37.995 0 Yes


12 Terrace 13 1.300.000 1.139.027 160.973 Yes


13 Others 202.654 202.654 0 Yes


14 Old Forest  Area 8.477.637 3.951.236 4.526.401 Ongoing


Total (m3) 21.483.367 16.481.498 5.001.869
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Key Achievements of STAR Project for the second half of 2015 are given as below:


§ 90 % of 3D Model review completed.


§ Electrical works started at process units and auxiliary units with earthing.


§ Utility pipeline project has been awarded.


§ Pipe painting works started at painting workshops.


§ First heavy and critical equipment delivered and offloaded to PETLIM Port.


§ Erection of heavy and critical equipment started at site.


§ Erection started at 8 new Tanks. Erection is ongoing at 37 tanks. Total number of tanks is 75.


§ Steel Structure erection started at 8 new main pipe racks at process units and extension area.


Erection is ongoing at 27 of 72 main pipe racks.


§ Pipe prefabrication and pipe support fabrication is ongoing well ahead of the forecast plan.


§ Pile driven works started at Jetty 1, 2 and 3. Dolphin piles started at Jetty 1.


§ Steel Structure erection started at piperack from Refinery Battery Limit to Waste Water Unit


at PETKIM area.
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2.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS


This section of the monitoring report presents the information that verifies compliance of the
Project with the applicable CTA Environmental and Social Covenants.


2.1 Environmental and Social Monitoring Report (CTA Clause 16.15)


This report represents the Environmental and Social Monitoring Report referred to in
CTA Clause 16.15 and it is issued on a six monthly basis. It presents a summary of the
Environmental and Social Monitoring activities carried out in the first half of financial
year 2015.


A. Monitoring methodology and information on compliance


STAR and the EPC Contractor have been developing a monitoring system for the
construction and operation phases of the Project to be implemented through
measurement activities and a comprehensive audit program.


Further to the aforementioned system, Environmental Impact Assessment (EIA)
monitoring activities are conducted in relation to the EIA consents of the Project.
These monitoring activities are performed according to Turkish Official Gaz. No.
27436, 18/12/2009 on quarterly or six monthly basis whichever applies and
reported with Monitoring and Control Forms as presented in Ek (Appendix)-4 of
the Regulation (hereafter referred as EIA Monitoring Reports). These monitoring
requirements are integrated into the STAR monitoring system.


EIA Monitoring Reports for the refinery have been recently prepared by the
licensed company PRD Consultancy and submitted to the MoEU at the end of
each monitoring period since November 2012. The reports provide details in
relation to site preparation of the Project. The EIA Monitoring Reports issued
within the current monitoring period are provided as Appendix-1of this report.


B. Measures taken to remedy non-compliance


Within the reporting period, there had been no non-compliance that was
identified with corrective measures to remedy.


C. Governmental Consents and Governmental Entities


Governmental Consents in relation to the Environmental and Social Issues for the
Project are:


· EIA Consent for STAR Aegean Refinery Project – 08.12.2009
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· EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1
and 2)


· EIA Consent for jetty and filing project – 14.02.2014 (including Jetty No. 3
and 4). Though the consent for Jetty No. 4 has been granted, jetty No. 4 is
not to be built as per the latest design and capacity calculations.


· EIA Consent for Refinery revision and additional storage tank project –
18.07.2014. The content of this EIA Consent is in line with the latest version
of ESIA.


D. Health and Safety management


STAR is provided monthly HSE statistics by the EPC Contractor that
demonstrates performance of the ESHS Management System. The statistics also
contain information from the subcontractors.


Following cumulative figures have been recorded for second half of the year
alone for STAR, the EPC Contractor and inclusive of Non-TSGI Contractors
under the overall cumulative category.


STAR TSGI Cumulative(5)


Overall
Cumulative(6)


HSE Parameters (Jul-Dec
2015)


(Jul-Dec
2015) (Jul-Dec 2015)


Manhours Worked (A) 154.566 6.510.046 6.712.861 17.203.647


Manhours Without LTI 154.566 600.623 803.438 4.891.002


Manhours Without LTI
(Project-from last LTI**) 6.597 600.623 613.853 4.301.434


N° of Fatal Incidents 0 1(2) 1(2) 3(1,2,3)


N° of Fatalities 0 1(2) 1(2) 3(1,2,3)


N° of Lost Time Injuries
(LTIs) (B) 0 6 6 13(4)


N° of Lost Work Days 0 196 196 640


N° of Restricted Work Day
Case (RWDC) 0 13 13 35


N° of Medical Treatment
Case (MTC) 0 11 11 32


N° of Environmental
Incidents 0 3 3 11


N° of Total Recordable
Incidents ( C ) 0 31 31 83
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STAR TSGI Cumulative(5)


Overall
Cumulative(6)


HSE Parameters (Jul-Dec
2015)


(Jul-Dec
2015) (Jul-Dec 2015)


Total Number of Incidents 1 124 126 533


Total number of
Nearmisses/Unsafe
Conditions/Behaviors


1.077 2.248 3.387 9.683


HSE Training Manhours 1.387 32.084 33.848 97.671


Lost Time Injury Frequency
(LTIF) (D) 0,000 0,184 0,179 0,151


Total Recordable Incident
Rate (TRIR) ( E ) 0,000 0,952 0,924 0,965


(1) Includes one off-site fatality at an unauthorized dumping site (Dec.2013)


(2)Includes one off-site public road vendor fatality incident (Oct.2015)
(3)Excludes one on-site heart attack related fatality due to a pre-existing
health problem (Dec.2013)
(4)Includes one off-site security incident (stabbing) (May.2015)


(5)Includes STAR, TSGI and non-TSGI.


(6)Since beginning of the project


E. Environmental and Social laws changes


No implication of legislative change was enforced considering construction
phase of the project. Changes with prospective effect on operations phase will be
reported at next monitoring period.


F. Non-confidential Information provided to shareholders


Not applicable.
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2.2 Environmental and Social Incidents (CTA Clause 16.14)


Within the current monitoring period, 3 environmental incidents due occurrence of oil
spills at the project on-shore section was recorded and responded. The spill statistics as
part of HSE KPIs are disclosed under the section 2.1.D of the report.


No social incident recorded within the monitoring period.


2.3 Site Visits – Co-operation (CTA Clause 16.16)


The following site visits were conducted by the following parties during the reporting
term:


· Site Visit to the ARP by Lenders’ Technical and Social Consultant JACOBS on
15 September 2015


· Site Visit by the Project Finance and HSE teams of Commercial Lender  Garanti
Bank on 17 of  November


2.4 Compliance (CTA Clause 19.3(b))


An ESIA study and an ESAP have been prepared in terms of compliance with the
applicable national and international legislation and requirements.


The Project operates in accordance with the defined environmental and social
requirements.


2.5 Environmental and social compliance (CTA Clause 19.9)


Responsive actions have been taken under the Project in order to be in compliance with
the requirements listed under:


· Local Legislation mainly stipulated by the EIA Consents and license;


· National Environmental and Social regulation;


· International Requirements stipulated by the ESIA and the ESAP (i.e. with
IFC EHS Performance Standards and Guidelines);


The Project has been performing reporting and monitoring activities as per the EIA
consent as below;


· EIA Monitoring Report (App. 4/EK 4) has been prepared on a quarterly basis
since November 2012 and submitted to the Ministry of Environment and
Urbanization.







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE             Date: 29 February 2016


         000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 –
DECEMBER 2015)


Page 21 of 102







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE             Date: 29 February 2016


         000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 –
DECEMBER 2015)


Page 22 of 102


3.0 ESAP WORK PROGRESS


The objectives of the present section are:


- To update Lenders on the status of STAR activities to achieve the goals and objectives set
out in the ESAP;


- To provide highlights of the work performed by STAR during the considered six month or
one year period, whichever is applicable;


- To recognize notable accomplishments of the ESAP milestones and /or point out possible
inconsistencies with the ESAP timing activities.


The part of documentation  including ESIA supplements, ESHS policies, ESMS Strategy, ESMPs
and procedures has been completed and already submitted to the Lender’s advisor in August 2014
and has been approved.


The implementation of Plans and Procedures has taken a start following document issuing.


The documentation that is required to be developed with a different schedule (e.g. prior to the
start of operations) will be developed and implemented within the deadlines indicated in the
ESAP.


The documentation that have been already issued and to be developed are detailed in the
following subsections, one for each item of the ESAP; deadlines for implementation are indicated
in brackets.
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3.1 Supplements to the ESIA
packages (Item 1)


Documentation that are approved and issued within the end of
August 2014:


- Document presenting associated facilities and related ES
impacts


- Dumping site management and reinstatement plan
- Assessment of risks and impacts associated with primary supply


chains (see also Item 10)
- Supply chain management Plan (see also Item 10)
- Revised GHG emission report (see also Item 12)


The following Documentation has been issued in final version by
STAR as a result of the work of Golder/International SOS within
January 2015 December 2014:


- Public Health Impact Assessment HIA (see also Item 20):
- Scoping


The following documentation to be developed (deadline is indicated
in brackets):


- Public Health Impact Assessment HIA (see also Item 20)
- Baseline - [Mar. 2016]
- Impact assessment [Sep. 2017]


- Ambient Air Quality monitoring system progress indicators
(see item ID 13b) [prior to Start of Operations]


3.2 Occupational Health and
Safety analyses (Item 2)


The documentation to be developed (deadline is indicated in
brackets):


- Job hazard analysis [July 2017]
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3.3 Process safety (Item 3) Qualitative HAZOP study has been concluded by a joint team EPC
Contractor STAR. The following documentation is currently (end
2014) being developed (ESAP estimated deadline is indicated in
brackets):


- Quantitative hazard operability (HAZOP) study [Nov. 2014]


STAR specialized subcontractor (Golder/DEKRA) that is
developing the Quantitative HAZOP; DEKRA has already joined
the STAR/EPC Contractor HAZOP team at the beginning of June
2014 during qualitative HAZOP study for coordination purposes.
The above document has been drafted and circulated to STAR in
July 2015.
The quantitative HAZOP is being built on the outcomes of the
qualitative HAZOP developed by a joint team EPC Contractor /
STAR. Documentation of the concluded qualitative HAZOP
study has been made available to Golder/DEKRA by November
21st. This resulted in a 3 months delay with respect to the ESAP
estimated deadline. Golder submitted first draft of Quantitative
HAZOP Report in June. Additional 11 scenarios have been also
studied as required by STAR. Due to non-completion of  vendor
packages from EPC Contractor by the time of draft submission,
delays in completion of the study have occurred.


3.4 QRA (Item 4) The documentation to be developed (deadline is indicated in
brackets):


- Hazard QRA study [Apr. 2016]
- Oil spill dispersion modeling study [Apr. 2016]
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3.5 Environmental and Social
Management System
(Item 5)


Documentation that is approved and issued within the end of
August 2014:


- ESMS Manual according to ISO14001 and OHSAS 18001
- ESMS policies
- the ESMPs (further described in following sections)
- other procedures such as Training/Awareness and Audit/Non-


conformities,
that contains and constitutes:
- the development strategy for ESMS preparation including


submission of an organogram related to STAR and
contractor organization


- the STAR ESMS – EPC phase
- Guidelines for defining an ESMS appropriate to the nature


and scale of the Project –EPC phase


Other documentation to be developed (deadline is indicated in
brackets):


- Yearly external report on EPC phase [from Jun. 2016]
- Guidelines for defining an ESMS appropriate to the nature and


scale of the Project -Operation phase [Oct. 2017]
- STAR ESMS - Operation phase [Jul. 2017]
- Yearly external report [from Jun. 2019]


3.6 Stakeholder Engagement
Plan (Item 6)


Documentation that is  approved and issued within the end of
August 2014:


- Grievance mechanism
- Revised version of the SEP for the construction phase


Other documentation to be developed (deadline is indicated in
brackets):


- Updated SEP for operation phase [Jul. 2017]
- Submission of records of consultation activities and grievances


[on Lenders request from now]
- Preparation and distribution of communication material for


feedback to affected communities [quarterly for Constr.]
- Preparation and distribution of communication material for


feedback to affected communities [annually for Operation]







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE             Date: 29 February 2016


         000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 –
DECEMBER 2015)


Page 26 of 102


3.7 Emergency Response Plan
(Item 7)


The documentation to be developed (deadline is indicated in
brackets):


- Emergency Response Plan [Jul. 2017]


3.8 Labour and Working
conditions plans and
procedures (Item 8)


Documentation that is  approved and issued within the end of
August 2014:


- Employment plan - Construction phase including Guidelines for
EPC Contractors


- Local workforce recruitment plan


Other documentation to be developed (deadline is indicated in
brackets):


- Employment plan - Operation phase [Oct. 2016]


3.9 Occupational Health and
Safety procedures (Item 9)


Documentation that is  approved and issued within the end of
August 2014:


- OHS Plan, including Guidelines for EPC Contractors for
developing OHS Procedures able to implement the requirements
of IFC EHS Guidelines. EPC contractor has already developed
OHS procedures that were submitted to STAR


- Risk assessment procedure
- Job Hazard Analysis procedure


Other documentation to be developed (deadline is indicated in
brackets):


- OHS procedures - Operation phase [Jan. 2017]


3.10 Supply Chain Management
Plan (Item 10)


Documentation that is  approved and issued within the end of
August 2014:


- Primary Supply Chain Management Plan, including Guidelines
for EPC Contractor
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3.11 Resource Efficiency
Management Plan
(Item 11)


Documentation that is  approved and issued within the end of
August 2014:


- Resource efficiency management plan - construction phase
including Guidelines to the EPC contractors


The following documentation is currently (end of 2014) being
developed (ESAP estimated deadline is indicated in brackets):


- IPPC/BREF compliance deviation report [Dec. 2014]


The new “BREF on the refining of mineral oil and gas” has been
made available (see http://eippcb.jrc.ec.europa.eu/reference/). The
EU Commission Decision 2014/738/EU “BATC on the refining of
mineral oil and gas (BAT “BREF”) has been published on October
28th 2014.
STAR/Golder has sent on November 24th 2014 a thorough request
of technical information to the EPC Contractor. This information
has been integrated into the BAT Deviation Report and submitted
for STAR’s review in June 2015 by Golder.  STAR has been
reviewing the report with the all involved discipline representatives
and aim to finalize for submission within this year.


Other documentation to be developed (deadline is indicated in
brackets):


- Resource efficiency management plan - operation phase [Jul.
2017]


3.12 GHG Management Plan
(Item 12)


The documentation to be developed (deadline is indicated in
brackets):


- GHG management Plan [Jul. 2017]
- Annual reports on GHG emissions [starting from Mar. 2019]
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3.13 Air emissions - Prevention
and Control into the
Refinery fences (Item 13a)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Air Emission Monitoring Plans [Jul. 2017]


3.14 Air emissions - Air Quality
Monitoring program
(Item 13b)


Documentation that is approved and issued within the end of
December 2014:


- Ambient Air Quality Monitoring Plan[Jun. 2014 - May 2015]


The plan implementation will start in the first half of 2015.


The documentation to be developed (deadline is indicated in
brackets):


- Results of the Ambient Air Quality Monitoring campaigns
[Jul. 2015]


- Design of the permanent monitoring system and preparation of
procurement strategy [Sep. 2015]


- Procurement and installation of the permanent monitoring
system – progress of activities report [Oct. 2015 - Jun. 2016]


- Annual air quality monitoring report [from Jan. 2017]
3.15 Sea water and monitoring


groundwater plan
(Item 14)


Documentation that is  approved and issued within the end of
August 2014:


- Sea Water Quality Monitoring Plan
- Groundwater Quality Monitoring Plan – Revised in Feb. 2016


Other documentation to be developed (deadline is indicated in
brackets):


- Quarterly monitoring reports for Seawater [Mar. 2015]
- Quarterly monitoring reports for Groundwater [Mar. 2017]
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3.16 Waste water management
(Item 15)


Documentation that is  approved and issued within the end of
August 2014:


- Wastewater management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Wastewater management plan - operation phase [Jul. 2017]


3.17 Soil and Contaminated
land management (Item
16)


Documentation that is  approved and issued within the end of
August 2014:


- Soil management and reinstatement plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Soil management and reinstatement plan- operation phase
[Feb. 2017]


- Soil quality monitoring program [Mar. 2017]


3.18 Noise Prevention and
Control - Source emissions
(Item 17a)


Documentation that is  approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise prevention and management plan - operation phase
[Jun. 2017]
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3.19 Noise Prevention and
Control – Immission into
the environment (Item 17b)


Documentation that is approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise Monitoring Reports- Construction phase[from Mar. 2015]
- Noise Monitoring Plan - Operation phase [Jul. 2017]
- Noise Monitoring Reports- Operation phase [from Apr. 2018]


3.20 Fugitive Particulate Matter
(Item 18)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


3.21 Waste management plan
(Item 19a)


Documentation that is  approved and issued within the end of
August 2014:


- Waste management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Waste management plan - operation phase [Apr. 2017]
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3.22 Hazardous materials
management plan
(Item 19b)


Documentation that is  approved and issued within the end of
August 2014:


- Hazardous materials management plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Hazardous materials management plan - operation phase
[Sep. 2017]


3.23 Workers and Community
Health management plans
(Item 20)


Documentation that is  approved and issued within the end of
August 2014:


- Communicable diseases Baseline Study
- Communicable diseases Workers Health Management Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Community Health Management Plan [Jul. 2017]
- Workers Health Management Plan [Jul. 2017]


3.24 Traffic management plan
(Item 21)


Documentation that is approved and issued within the end of
August 2014:


- Traffic Management Plan


3.25 Security Management
plan (Item 22)


Documentation that is  approved and issued within the end of
August 2014:


- Security management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Security management plan - operation phase [Jul. 2017]
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3.26 Biodiversity Action Plan
(Item 23)


Documentation that is  approved and issued within the end of
August 2014


- Marine biodiversity management plan, including monitoring
measures and considering the construction of Jetty 1,2 and 3


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures


3.27 Terrestrial Flora and
Fauna Management Plan
(Item 24)


Documentation that is  approved and issued within the end of
August 2014:


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures and including information obtained from
terrestrial filed survey conducted in May 2014 by Golder with
particular reference to Dumping Sites locations


3.28 Invasive alien species
prevention (Item 25)


Documentation that is  approved and issued within the end of
August 2014:


- Invasive Alien Species Management Plan Management Plan,
including monitoring measures


3.29 Chance find procedure
(Item 26)


Documentation that is  approved and issued within the end of
August 2014:


- Chance find procedure
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3.30 ESAP work progress summary table


ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


1


Supplements to the ESIA packages:
- Associated facilities


description, risks/impacts
- supply chain risks/impacts
- GHG emission report
- public health impact


assessment
A systematic air quality monitoring
campaign (see item ID 13b for
detail)


1. Document presenting associated facilities and related
ES impacts


2. Dumping site management and reinstatement plan


3. Assessment of risks and impacts associated with
primary supply chains (see also item ID 10)


4. See item ID 10 for detail


5. Revised GHG emission report (see also item ID 12)


6. Public Health Impact Assessment: Scoping, Baseline
and Impact assessment (see also item ID 20)


7. Ambient Air Quality monitoring system progress
indicators (see item ID 13b)


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of construction (see item ID 10 for
detail)


5. Prior to the start of construction (Jun-2014)


6. Prior to the start of operations (scoping 01/2015;
beginning of the study if authorized 07/2015;
baseline 03/2016; impact assessment 09/2017)


7. Prior to the start of operations (see item ID 13b)


Points 1, 2, 3, 4, 5:
Completed
Point 6:
- HIA Scoping:  90%
- Baseline: 0%
- HIA 0%


Point 7: (see item ID
13b)


-


2 Occupational Health and Safety
analyses


Job hazard analysis (JHA) for each position aimed at
drafting OHS procedures


Prior to the start of operations (07/2017) Not started -


3 Process safety


Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014) Qualitative HAZOP:
Completed
Qualitative HAZOP: 50
%


3


4 QRA


1. Hazard QRA study


2. Oil spill dispersion modelling study


1. Prior to the start of operations (04/2016)


2. Prior to the start of operations (04/2016)


Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


5 Environmental and Social
Management System


1. Development strategy for ESMS preparation including
submission of an organogram related to STAR and
contractor organization


2. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –EPC phase


3. STAR ESMS, – EPC phase


4. Yearly external report


5. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –Operation phase


6. STAR ESMS– Operation phase


7. Yearly external report


1. Prior to the start of construction (mid-May 2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Yearly from 06/2016 referring to 2015


5. Prior to the start of operations (10/2017)


6. Prior to the start of operations (07/2017)


7. Yearly from 06/2019 referring to 2018


Points 1, 2: Completed
Point 3: Completed
Points 4, 5, 6, 7: Not
started


-


6 Stakeholder Engagement Plan


1. Submission of grievance mechanism


2. Submission of revised version of the SEP for the
construction phase, including the grievance
mechanism


3. Updated SEP for operation phase


4. Submission of records of consultation activities and
grievances


5. Preparation and distribution of communication
material for feedback to affected communities


1. Prior to construction (mid-May 2014)


2. Prior to start of the construction (Jun-2014)


3. Prior to operation (07/2017)


4. on Lenders request from now


5. Quarterly during construction (starting from revision
of the SEP); annually during operation


Point 1: Completed
Points 2, 4: Completed
Points 3, 5: Not started


-


7 Emergency Response Plan Emergency Response Plan Prior to the start of operations (07/2017) Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


8 Employment policy and procedures


1. Guidelines for EPC Contractors – Construction phase


2. Local workforce recruitment plan


3. Employment plan – Construction phase


4. Employment plan – Operation phase


1. Prior to the start of constructions (mid-May 2014)


2. Prior to the start of constructions (Jun-2014)


3. Prior to the start of constructions (Jun-2014)


4. Prior to the start of operations (10/2016)


Points 1, 2, 3:
Completed
Point 4: Not started


-


9 Occupational Health and Safety
procedures


1. OHS procedures- construction phase


2. OHS procedures – operation phase


See AP Item ID n° 2 for the JHA analysis


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operations (01/2017)


Point 1: Completed
Point 2: Not started


-


10 Supply Chain Management Plan Supply Chain Management Plan Prior to the start of construction (Jun-2014) Completed -


11 Resource Efficiency Management
Plan


1. Guidelines to the EPC contractors


2. IPPC/BREF compliance deviation report


3. Resource efficiency management plan – construction
phase


4. Resource efficiency management plan – Op. phase


1. Prior to the start of construction (mid-May 2014)


2. Completed in June 2015


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of operations (07/2017)


Points 1, 3: Completed
Point 2: 100%
Point 4: Not started


-
-
2
-


12 GHG Management Plan


1. GHG management Plan


2. Annual reports on GHG emissions


1. Prior to the start of operations (07/2017)


2. Annually from the start of operation (first report at
Q1 2019 referring to 2018)


Not started -


13a Air emissions - Prevention and
Control into the Refinery fences


1. Guidelines to the EPC contractors


2. Air Emission Monitoring Plans


1. During design (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


13b Air emissions - Air Quality
Monitoring program


a) Ambient Air Quality Monitoring Plans


b) Results of the Ambient Air Quality Monitoring
campaigns


c) Design of the permanent monitoring system and
preparation of procurement strategy


d) Procurement and installation of the permanent
monitoring system – progress of activities report


e) Annual air quality monitoring report


a) Jun-2014 – 05/2015


b) 07/2015


c) 09/2015


d) 10/2015 - 06/2016


e) Yearly from 01/2017


Point 3a):  completed
Points 3b), 3c), 3d), 3e):
Not started


-


14 Sea water and monitoring
groundwater plan


1. Sea Water Quality Monitoring Plan


2. Groundwater Quality Monitoring Plan


3. Quarterly monitoring reports


1. Prior to the start of jetties construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Quarterly from 03/2015 (for sea water) and
Quarterly from 03/2017 (for groundwater)


Points 1, 2: Completed
Point 3: Not started


-


15 Waste water management


1. Guidelines to the EPC contractors


2. Wastewater management plan – Construction phase


3. Wastewater management plan – Operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (07/2017)


Points 1, 2: Completed
Point 3: Not started


-


16 Soil and Contaminated land
management


1. Guidelines to the EPC contractors


2. Soil management plan- Construction phase


3. Soil management and reinstatement plan – Op. phase


4. Soil quality monitoring program


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (02/2017)


4. Prior to the start of operation (03/2017)


Points 1, 2: Completed
Points 3, 4: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


17a Noise Prevention and Control -
Source emissions


1. Noise Prevention and Management Plan –
Construction phase


2. Noise Prevention and Management Plan – Operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operation (06/2017)


Point 1: Completed
Point 2: Not started


-


17b Noise Prevention and Control –
Emission


1. Noise Monitoring Plan – Construction phase


2. Noise Monitoring Reports- Construction phase


3. Noise Monitoring Plan – Operation phase


4. Noise Monitoring Reports- Operation phase


1. Prior to the start of construction (Jun-2014)


2. Every two years from 03/2015


3. Prior to the start of operation (07/2017)


4. Every two years from 04/2018


Point 1: Completed
Points 2, 3, 4: Not
started


-


18 Fugitive Particulate Matter


1. Guidelines to the EPC contractors


2. Dust and Other Emissions Prevention and
Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Points 1, 2: Completed -


19a Waste management


1. Guidelines to the EPC contractors


2. Waste management plan – construction phase


3. Waste management plan – operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (04/2017)


Points 1, 2: Completed
Point 3: Not started


-


19b Plans to manage hazardous
materials


1. Guidelines to the EPC Contractors


2. Hazardous materials management plan - construction
phase


3. Hazardous materials management plan - operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (09/2017)


Points 1, 2:Completed
Point 3: Not started


-


20 Workers and Community Health
management plans


1. Preliminary baseline of transmittable diseases (1)
Workers Health Management Plan for Construction (1)


2. Community Health Management Plan (2)


Workers Health Management Plan (2)


1. Prior to start of the construction (Jun-2014)


2. Prior to start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Completed -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


22 Security Management plan


1. Security Management Plan – Construction phase


2. Security Management Plan – Operation phase


1. Prior to the start of the construction (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Completed -


24 Terrestrial Flora and Fauna
Management Plan


1. Report on the terrestrial field surveys


2. Terrestrial Flora and Fauna Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Completed -


25 Invasive alien species prevention Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-2014) Completed -


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014) Completed -
 (*) Date defined for issuing the first revision of the plan/procedure/report expected
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4.0 COMPLIANCE WITH ESMPS


The objectives of the present section are:


- To update Lenders on the status of activities to achieve the implementation
of the ESMPs;


- To provide highlights of the work performed during the considered six month
whichever is applicable;


- To recognize notable accomplishments in implementation of plans and /or to
point out possible inconsistencies with the ESMPs and timing of activities.


The implementation of Plans and Procedures have started following their
issuance in August 2014 for those applicable documents which are associated
with ongoing site-preparation and construction activities of the project. The Plans
and Procedures to be implemented are detailed in the following subsections, one
for each Plan/Procedure is required by the ESAP; ID for each relevant ESAP
Item is indicated with brackets in the subtitle.


In order to ensure diligent implementation of the ESAP throughout the project
and establishment of ESMS, following organizational charts with dedicated HSE
responsibilities have been adopted by STAR and the Contractor management
respectively.


Organizational Structure by STAR


STAR has recently re-structured its HSE and Social (HSE-S) organization where
HSE-S team now operates under direct supervision of STAR Construction
Director Mr. Zeki Bozkurt. The entire disciplines of Construction HSE,
Environment, Process Safety and Community Relations (& Corporate
Communication) are maintained with no implication of change. Mr.Koray
Koyuncu who is the Corporate HSE Director of SOCAR Company and acting as
HSE Director of STAR since May 2015 has been assigned as HSE Advisor to
STAR’s CEO Mr. Ibrahim Palaz.


STAR has fulfilled some of the key positions under Construction HSE and
Environment teams including assignments of:


- Mr.Atakan Tornacı as HSE Superintendent


- Mr. Ali Fuat Döner as HSE Superintendent


- Ms.Selcen Önal as Environmental Coordinator
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STAR HSE-S
       Organizational Chart
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Organizational Structure by Contractor


Some of the key vacant positions in Contractor’s HSE team were fulfilled while
some HSE area coordinators have been replaced with new members due to
rotation system of SAIPEM (a member company of Contractor’s Joint Venture).


The number of environment team members has reached to 8 within the current
monitoring period following assignment of an environmental officer, a waste
supervisor and an additional two environment supervisors.


There has been no change in social organization of Contractor during the
reporting term.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER 2015)


Page 42 of 102







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER 2015)


Page 43 of 102


Social Organizational Chart by Contractor Environmental Organizational Chart by Contractor
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4.1 Dumping site
management
and
reinstatement
plan (Item 1)


Following dumping activities and responsive measures were applied within
the monitoring period:


§ Contractor issued a “GUIDELINE TO SUBCONTRACTORS
FOR REINSTATEMENT ACTIVITIES (000-A-EE-0190649)”
for the purpose of establishing guiding principles in terms of
diligent execution of reinstatement activities which falls under
the scope of Sub-Contractors by taking into consideration of
national legislative requirements.


§ Materials removed from Area-3 of the Project Site continued to
be stored in a new dumping area located at PETKIM Forest land
(the section which previously had a forest fire) is adjacent to the
site on the north and hence, has direct accessibility through an
internal road.  In total, 3,951,236 m3 materials were dumped in
the area until the end of December.


§ Speed limit continued to be applied by Contractor to reduce both
noise and dust which was monitored by GPS system installed on
entire trucks. A flagman has been in charge of ensuring traffic
management and safety in particular during truck maneuvers at
hill sides.


§ The previously removed top soil from the project site was
continued to be stored in-situ for prospective reinstatement
activities and maintained properly in a uniformed way while kept
separate from other materials and away from ongoing operations
to avoid any disturbance.


§ As an aftercare activity for increasing O2 content of the stored
top-soil at the project site, ploughing activity was conducted in
last quarter of the year through excators and top-soil labelled and
demarcated accordingly.


Photo: View from in-
situ top-soil storage area
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Reinstatement Activities


Reinstatement activities in closed dumping sites could not be
initiated due to inconvenient seasonal conditions in late 2015 as
well as due to intention of some of the land /permit owners on
revision of land-use utilization practices for these sites (including
Güzelhisar E2). On the other hand, starting reinstatement
activities at Çıtak-2 dumping site is scheduled by Sub-Contractor
Yenigün for the first quarter of 2016.
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4.2 Training
Procedure
(Item 5)


§ Sub-Contractor Bir İzmir (specialized 3rd party service provider
on OHS Service) specifically contracted for HSE training services
continued with addressing HSE specific training needs of the
Project since May 2015.  Identical stickers are provided for
demonstrating training qualifications of employees on their
helmets are provided following success of those in trainings.


§ Contractor started supply of passports for each employee where
HSE trainings records, personnel data, qualification and
disciplinary data of each individual are presented in a log format.


PERSONNEL TRAINING


Course
Title


Course
Title


Course
Title


Title Title Title
1st


Session
Date


1st
Session


Date


1st
Session


Date
Stamp/Train


er
Signature


Stamp/Train
er


Signature


Stamp/Train
er


Signature
Refresh
(Trainer


Signature)


Refresh
(Trainer


Signature)


Refresh
(Trainer


Signature)


Ⅰ Ⅱ Ⅰ Ⅱ Ⅰ Ⅱ


Ⅲ Ⅳ Ⅲ Ⅳ Ⅲ Ⅳ


Figure. Sample view of safety passport
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Training
Procedure
(Item 5)


§ New training modules including waste management and spill
response were also launched by Contractor’s environment team
where supervisors, drivers and foreman of Sub-Contractors have
been targeted in priority.


Figure. Waste Management and Spill Response Training
Stickers for Safety Helmets


§ The trainings delivered by Contractor with support of Sub-
Contractor Bir İzmir Company during the reporting term are as
follows:


Figure. Participant Ratio of Top Trainings Delivered since May
2015
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Training
Procedure
(Item 5)


Figure.  Cumulative Number of Participants Received Trainings
from Bir İzmir during 2015 (excluding top 4 training modules)


Planned Activities


§ The following training module is scheduled to be delivered at
the first quarter of 2016:


- Environmental Requirements of the Project
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4.3 Stakeholder
Engagement
Plan (Item 6)


§ STAR Corporate Communications Supervisor (CCS) continued
with supervising Contractor’s community relations team and
overviewing social management activities of the Project.


§ STAR and Contractor’s Community Relations team continued
with organizing bi-weekly meetings to overview progress and
grievances as well to discuss other socials issues of the Project.
The teams also views and plans future stakeholder activities in
accordance with the current dynamics and identified priorities of
the Project.


Stakeholder Engagements


Visits to Aliağa Authorities: Contractor’s LSC team visited
Aliağa local authorities including District Governorate, Aliağa
Municipality and Aliağa Chamber of Commerce for the purpose
of establishing dialogues and exchanging feedbacks on STAR
Refinery Project.


Community Meetings: As part of the Stakeholder Engagement
Plan of the Project, Contractor’s Local Community
Representative (LCR) team continued with regular visits to
Aliağa villages and districts during the monitoring period.
During the meetings, LCR team shared their contacts with village
headmen for delivery of CVs of Aliağa residents who are
interested to work in the project.


Engagements with Sub-Contractors: Contractor’s LCR team
approached Sub-Contractors in order to promote local suppliers
and recruitment of local people considering arise of prospective
opportunities.
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Stakeholder
Engagement
Plan (Item 6)


Others Activities


As a response to the inquiry received by LCR team from district
education authorities:


- Sub-contractor Gemsan Co. provided financial aid for
painting works of Aliağa Petrokimya Elementary
School.


- Sub-contractor IOT VITO Inc. granted a floor cleaning
machine to Aliağa Cumhuriyet Primary School.
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Stakeholder
Engagement
Plan (Item 6)


§ A team building breakfast activity was organized on 29
August in Güzelhisar village where managers,
supervisors and representatives of STAR, Contractor and
Sub-contractors had a chance to gather together on
Güzelhisar village.  Güzelhisar was in particular selected
among the other locations as being one of the impacted
area due to past dumping activities of the ARP. The
breakfast consisting of the food prepared by local
villagers provided income for those.
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Stakeholder
Engagement
Plan (Item 6)


§ As part of supporting charity activities, LCR team
initiated contacts with local associations and has been
helping these societies by announcing their hand made
products among the Project workers and Sub-Contractors.


§ LCR team facilitated organization of a technical visit to
the ARP Site by İzmir Katip Çelebi Univeristy students
which was conducted on 17 November as a response to
the inquiry of the University.


§ As a follow up of the concern raised by Aliağa Fisherman
cooperative, initial dialogue by STAR’s CCS was
established with a local university expert for the purpose
of development of a socio-economic baseline study on
fishery.


§
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Stakeholder
Engagement
Plan (Item 6)


§ An end year dinner event was organized by LCR team
which brought headmen of Aliağa together with an aim of
maintaining good dialogues and celebrating new year of
the authorities.


Grievance Management: STAR continued recording grievances
that are received from internal and external Project stakeholders
via different communication channels (i.e. a dedicated mobile line
presented at the back of all project trucks, Grievance Forms
placed at Project Site for workers, e-mail) and during community
engagement activities.


The total number of grievances registered in 2015 abruptly
increased to 169 after the receipt of 92 new grievances in
December  2015,  most  of  which  are  repetition  of  the  same
grievance items like:


- Lack of hygiene and low quality food served by the catering
company at Terrace 9


- Delayed salary payments by subcontractors
- Lack of praying rooms
- Unhygienic toilets at site
- Insufficient smoking areas
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Stakeholder
Engagement
Plan (Item 6)


As of end of December, there are 87 open grievances pending for
resolution. The chart below demonstrates the distribution of top 5
complaints based on their subjects:


The chart below demonstrates the numerical distribution of all
registered and open complaints by subject:


Figure. Numerical distribution of grievances according their types
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Lack of hygiene and low quality food served by the catering company


Unhygienic or insufficient toilet cabinets at site


Delayed or irregular salary payments by subcontractors


Insufficient / small smoking cabinets


Lack of praying rooms at site


Unsafe / uncomfortable / insufficient shuttle service


Irregular  / overtime working hours


PPE (lack of protective glasses and low quality boots, clothes and gloves)


Office (general) services (smoke detectors and HVAC system)


Lack of laundry room at Çayağzı Camp


Insufficient hot water at Çayağzı Camp


Poor conditions of resting containers at site


Insufficient briefing about Grievance Mechanism by Contractor for sub-
contractor workers
Poor air conditioning at the mess hall


Dust problem and/or insufficient eye wash stations at site


Poor road conditions at site


Community Safety


Working hours of STAR staff


Occupational Safety (lack of road signs and pedestrian ways)
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Planned Activities


§ An annual public meeting open to all stakeholders has been
planned by STAR that is to take place in March 2016.  The
meeting will serve for dissemination of information on the project
progress as well as for providing a platform for stakeholders to
raise their particular questions and concerns for STAR’s
consideration.


§ A Public Report with an aim of disclosing information on yearly
progress of the Project for 2015 to the Affected Communities has
been under preparation and planned to be published and
disseminated within the first quarter of 2016.


4.4 Emergency
Response Plan
(Item 7)


This Plan is due prior to the start of operations [Jul. 2017].


In response to the action item ESMS 1.4 described by the LESC in their 2nd


Post-Site Visit Report; PETKIM Peninsula Common Emergency
Management Procedure (ERP) bridging key elements and documentation of
PETKİM, PETLIM and STAR under the umbrella of SOCAR Turkey for
diligent coordination of emergency cases was prepared. The Procedure
enclosed in Appendix-2.
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4.5 Local
Workforce
Recruitment and
Employment
Plans (Item 8)


This Management Plan is issued in August 2014.


Local Workforce Recruitment


Implementations by STAR and Contractor (Jointly):


§ A third-party consultancy service for structuring operation phase
organizational chart and desired employee roles and
qualifications is under bidding phase by STAR Human Resources
department. First recruitment activities are planned towards the
end of 2016.


§ Contractor continued with categorizing local employment
according to the map provided below with color coding and
receives monthly employment reports from each Sub-Contractor.


§ Contractor continued with announcing job announcements on one
of the most widely used career web page in Turkey, i.e. Kariyer
Net. The company information and job announcements are
provided through the dedicated link for Contractor as given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-
c53959-p38823/?a=2
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Local
Workforce
Recruitment and
Employment
Plans (Item 8)


§ Grievance Committees both for Çayağzı and Güzelhisar
accommodation camps was established,  and an Indian speaking
camp supervisor was employed for Güzelhisar camp in order to
ensure better communication with Indian workers.  The periodical
meetings are organized at camp meeting halls where
representatives of Sub-Contractors and camp management team
actively participate and discuss issues, complaints and inquiries in
relation to the camp facilities.


§ Contractor continued with announcing job announcements on one
of the most widely used career web page in Turkey, i.e. Kariyer
Net. The company information and job announcements are
provided through the dedicated link for Contractor as given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-
c53959-p38823/?a=2
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Local
Workforce
Recruitment and
Employment
Plans (Item 8)


Employment Rates


Recruitment details of current employees as of end of 2015 are
provided below for STAR, Contractor and Sub-Contractors
accordingly:


Table. Employee Figures by Locality


Locality STAR Contractor Sub-
Contractor TOTAL %


Local
(Aliağa & İzmir) 317 176 3444 3937 56.5


Non-Local
(Other) 0 184 2818 3002 43.5


TOTAL 317 360 6262 6969 100


Table. Employee Figures by Gender


Gender STAR Contractor Sub-
Contractor TOTAL %


Male 289 285 5941 6515 93.8


Female 28 75 321 424 6.2


TOTAL 317 360 6262 69639 100


Table. Number of Handicapped Employees in Contractor and
Sub-Contractors


Gender Contractor Sub-Contractor TOTAL


Male 5 34 39


Female 2 7 9


TOTAL 7 41 48


*Statistics are non-inclusive of foreign employees of Contractor
and Sub-Contractors.
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Local Workforce
Recruitment and
Employment
Plans (Item 8)


Terms of Employment


§ The worker’s card reader system was established at gates of the
project area during the current monitoring period. The system now
also serves as a tool for monitoring working hours of employees
and facilitate review of Sub-Contractor’s compliance with working
hours based on spot-checks findings.


Grievance Procedure for Workers


§ A Grievance mechanism has been also in place for workers since
late 2014 for all project employees including those from STAR,
Contractor and all Sub-Contractors. In total, 85 worker related
grievances remained open by the end of 2015. Further information
is disclosed under section 4.3.


§ Periodical town hall meetings have been organized at PETKİM
culture centre since early November 2015. The meetings bring
STAR management together with the STAR employees and serves
a platform for sharing update on the project progress as well as
exchange of feedbacks, concerns in relation to the project
operations, work and welfare conditions. The feedbacks are directly
addressed during the meeting and shared by all participants.


§ Following receipt of significant number of grievances as also
noted at D’appolonia’s site visit findings with action number
LW2.10, an additional catering hall by Akyıldız Catering
Company was launched for serving to the site employees at
Terrace 5 & 6 area.


Planned Activities


§ In terms of promoting local employment, Contractor is to establish
several transparent channels for announcement of job opportunities.
These include providing a web based link on Contractor’s
corporate web site, advertisements through local newspapers.


§ Feedback meetings are planned at several local villages of Aliağa
for announcement of available vacancies and collecting
information on qualifications of local candidates.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 60 of 102


4.6 Occupational
Health and
Safety
procedures
(Item 9)


Guidelines for these procedures was issued and approved in August 2014.


4.6.1. Implementations by STAR


i) Produced OHS Plan and Work Procedures by STAR:


During the monitoring period, a new procedure titled as STAR
OHS Protocol (STAR İSG Şartnamesi) was produced and has been
enforced as a conditional attachment of contracts for additional
scope of works addressed by new Contractors. The other
documents produced during the period are as follows:


§ STAR ARP Permit to Work Procedure (Appendix-2)
§ STAR  ARP  Site  Entry  &  Work  Authorization  Procedure


(Appendix-3)
ii) Implementation of OHS Management System


OHS Monitoring: STAR’s construction HSE team continued with
conducting regular OHS monitoring in terms of verifying
compliance with the OHS procedures and standards of the project.


An additional HSE team aimed at integration and ensuring
implementation of HSE requirements of the Project throughout the
additional works falling under the scope of other Contractors (titled
as Non-TSGI Works) was established by STAR. The team
consisting of HSE Coordinator (Lead Occupational Safety(OS)
Engineer) and one OS Engineer specifically supervise, inspect and
report HSE practices of those Contractors. In parallel, an HSE
walkthrough targeting Non-TSGI Work Sites has been conducted
on weekly basis since December 2015. An additional HSE
Observation Register where non-compliance records of non-TSGI
Works are tracked and communicated immediately to the involved
personnel (both STAR and non-TSGI Contractors) for their
responsive actions to close open observations on timely basis.


STAR has continued with 7 days 24 hours on duty HSE
Technicians to monitor the activities being carried out on site. The
main focus of this team is to monitor the weekends and the
nightshift work and also support the normal week-day HSE teams.
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Occupational
Health and
Safety
procedures
(Item 9)


Specific control measures including emergency response and
additional PPE needed to work in the area are mobilized in parallel
to enhanced permitting and training system developed for OHS
compliance in this area.


A Legal compliance H&S audit was carried out to check
Contractor’s compliance with regulations on August 10th-11th.
Close out Meeting held with the Contractor where audit findings
were presented.


HSE Performance Card System: STAR Project Management
Team (PMT) continued with implementation of HSE scorecard
system to promote and monitor HSE performance of all PMT
personnel. The system allocates certain engagement activities to
individuals with identified frequencies (weekly, monthly, yearly, at
each occurrence) and are to be reviewed at quarterly periods for
overall HSE performance. The results are shared and reviewed on
quarterly basis at management meetings for updating personnel in
general on their progress with an aim of promoting improvements
in overall performance.


Some of the activities included in the activity engagement table are
listed below:


§ Participation in HSE events occasionally (award ceremonies
and other)


§ Participation in Contractor HSE meetings
§ Participation in SSHE Committee Meeting
§ Presenting HSE Moment in Meetings
§ Reporting site observations through observation cards
§ Participation in Contractor/subcontractor’s general toolbox


meeting
§ Attending walkthroughs
§ Participation in Incident & Near Miss Investigations
§ Participation in HSE or Social Audits/Inspections
§ HSE Site Inspections/Visits with Contractor HSE
§ Participation in/Witnessing Drills


Communications


STAR has initiated an HSE Monthly Incentive Scheme to increase
awareness and promote involvement of STAR employees in HSE
observation and reporting system. STAR management provides
awards to winners under the categories of top three H&S and
Environmental observations since December based on voting
system which is open to all STAR employees.
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Occupational
Health and
Safety
procedures
(Item 9)


The following measures continued to be implemented by STAR in
terms of fulfilling requirements of OHS management:


§ STAR ensured improvements in compliance with “Smoking
Policy” throughout the STAR project sites and associated
facilities based on the feedbacks received through increased
observations.


§ Preparation and dissemination of any incident information
among STAR employees shortly after their occurrence have
continued by STAR Construction HSE team.  These initial
incident notifications including visual materials strengthen
awareness levels of employees on HS aspects by depicting
causes of incidents and sharing lessons learnt.


§ Weekly construction HSE meetings continued with
participation of STAR and Contractor where all non-
conformities, gaps and weaknesses on HSE aspects are shared
and reviewed. The meeting also provides opportunity for
discussing proposals of improvements of which minutes are
regularly and officially recorded.


§ Monthly and Quarterly HSE Review Meetings were continued
with participation of both Contractor and Owner management
where hot HSE topics and major incidents were discussed and
reviewed together with  performance against the targets.


§ OHS Committee established by STAR OHS Management
according to Law No.6331 and Regulation on Health and
Safety Committees (Off. Gaz. 28532, 18/01/2013) meets
every month including participation by Contractor’s
representatives.  The    Committee    oversees     the     OHS
management system adequacy of the relevant measures taken
for the project, and taking necessary decision for corrective
actions and responsive planning while providing guidance to
employees as a result of the discussions.
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Occupational
Health and
Safety
procedures
(Item 9)


§ HSE Visitor Induction Training content was revised for
common use by STAR and Contractor.


§ HSE induction and instruction trainings are continued to be
provided to all STAR employees by third party HSE
Consultant Bir İzmir prior to commence of work. Each
employee are trained by presentations including video
materials and distributed STAR HS internal directives. These
trainings provide information on the requirements of local
OHS regulations as well as on Company’s HSE programme in
place. Each trainee is subject to a multiple choice
questionnaire exam at the end and being issued internal
guidance/instructions booklet. Statistics for those who
received site inductions are provided under section 4.5
Training and Awareness Procedure.


Hazard/Risk Identification and Management


As per Risk Assessment Procedure that is a living document, is
maintained to be periodically reviewed and updated whenever
applicable.


Employee Well-fare


§ STAR launched a new catering hall for their employees at the
site office area in more decent environment where alternative
menu is served and open to selection.


§ STAR continues with provision of guesthouse facility at
PETKİM’s premises for employees mobilized from other
cities during their temporary stay until their proper settlement
in a local residential area on their own.


Observations


Observations regarding any unsafe acts and behavior are being
reported via Observations Cards (STAR Card or electronic copy of
the form) and the records kept in a register to follow action and
close-out.
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Occupational
Health and
Safety
procedures
(Item 9)


Toolboxes: Toolbox Talks and pre-task meetings are conducted by
Contractor’s and Sub-Contractor’s personnel on site in which
Owner personnel also participate randomly.


Accidents and Incidents Management: All incidents no matter
how minor are recorded and investigated by Contractor.
Investigation of high potential near miss, LTA, fatality and
recordable cases are also participated by STAR HSE team. As of
end of June, 44 incidents were recorded in the Incident log. Most
of the reported cases are categorized as first aid, near-miss, road
transport and property damage. Corrective actions included in the
incident reports, as per the root-cause analysis, to prevent
reoccurrence in future are being closely followed to take actions in
a timely manner and close the items of which the details are also
kept.


Reporting: STAR collects and reviews HSE KPI statistics from
Contractor and all relevant parties on weekly and monthly basis.
HSE  team  also  communicates  monthly  HSE  reports  to  STAR
Management including highlights of the month, critical issues and
recommendations in addition to   information on HSE specific
KPIs and Loss Time Incidents.


Walkthroughs: Several walkthroughs have been adopted recently
on weekly or bi-weekly basis in terms of improvement of HSE
performance of Contractor and all Sub-Contractors against the
legal and project specific requirements where STAR Construction
and HSE teams dedicatedly participate and contributes to site visit
findings and awareness raising talks. These activities specifically
consists of the followings:
§ Management HSE Walkthrough
§ Supervisors HSE Walkthrough
§ Environmental Walkthrough – scoped under Environmental


discipline
§ Health & Hygiene Inspections at Welfare Areas
§ Health and Hygiene Inspections at Camp
Following the site walkthroughs, observations are recorded in the
relevant reports and the action items are registered by Contractor in
the Observation Log for close-out. A schedule has been issued for
the planned walkthroughs where participants from different
disciplines and management are included.
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Occupational
Health and
Safety
procedures
(Item 9)


4.6.2. Implementations by Contractor:


Produced OHS Plan and Work Procedures by TSGI: The EPC
Contractor TSGI MI produced numerous OHS procedures and
implementing these procedures upon approval of STAR according
to the commitments undertaken by STAR in the ESIA including
Turkish regulatory framework, IFC Performance Standards (in
particular PS2) and IFC General and Sector Specific EHS
Guidelines.


The latest status of HSE specific documents under implementation
by Contractor and applicable for all sub-contractors are enclosed in
the Appendix-4.
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Occupational
Health and
Safety
procedures
(Item 9)


Communications


In terms of fulfilling requirements of OHS Management System,
the following measures have been implemented by Contractor:


§ HSE instructions communicated to the employees prior to
start of work by employees through site induction trainings
including visual materials, distribution of OHS hand-outs. Site
inductions inform employees to be in compliance with the
requirements of local OHS regulations instructions and to be
aware of relevant OHS issues in the workplace.


§ HSE Notice Boards: HSE Notice Board is available at the Site
in order to assure a proper communication and awareness in
particular targeting workers who do not have access to e-mail
services.


§ The Notice Board contains information regarding Emergency
Number, Training Program, HSE Services, HSE Alerts, etc.
HSE Notice Board is multi-language to enable understandings
by the foreign employees and visitors (Turkish, English).


§ Safety Bulletins: Safety Bulletins with new topics (e.g.
dropped objects, work at height) were distributed through
mailing lists and notice boards on the site.


Figure. An example of safety bulletin on “work at height”
§ HSE Committee established by TSGI MI has continued to


meet on monthly basis. The Committee oversees the OHS
management system, adequacy of the relevant measures taken
for the project and taking necessary decision for corrective
actions and responsive planning and discuss compliance with
the national regulations.
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Occupational
Health and
Safety
procedures
(Item 9)


Incentive Scheme


Contractor launched a lottery initiative to identify winners amongst
the safe performing workers/supervisors recognized throughout the
month and reported by using ‘’Green Card’’ system. Winners are
awarded in the ceremony held in Contractor’s Training Centre
during weekly toolbox talks. Contractor also selects one of their
subcontractor as being the “Best  Safe Working Subcontractor” of
the month and announce to all site as well. In addition to the
Subcontractors’ own initiatives with regards to incentive award
programs, Contractor arranges additional Ceremonies as per their
Incentive Procedure on monthly basis.


Photo: View from Safety Award Ceremony dated 16.11.2015
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Occupational
Health and
Safety
procedures
(Item 9)


Workshops, Trainings


§ In October, an HSE
Workshop was organized
by Contractor which
aimed at enhancing HSE
leadership culture of the
Project. The Workshop
was supported by key
speakers from foreign
HSE supervisors of
Contractor where key
members of the Project
Management and HSE
teams of Sub-Contractors
actively participated.


Figure. HSE Workshop
Roll up Banner


§ Statistics regarding those who received site inductions and
HSE trainings are provided under section 4.5 Training and
Awareness Procedure.


Site Medical Point


§ In addition to the site medical centre which has been
operational since May 2015, a medical personnel and
ambulance service has been serving for the needs of Çayağzı
camp during the recent monitoring period.
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Occupational
Health and
Safety
procedures
(Item 9)


OHS Monitoring


§ Contractor’s construction and HSE team continued with
conducting regular OHS monitoring both on the site and at
associated facilities of the project including forest dumping
site to verify compliance with the OHS procedures and
standards applicable to the project.


§ Illumination and thermal comfort measurements as part of
periodical occupational exposure monitoring activities were
carried out by third party TESTMER company at 10 different
measurements points inside STAR and Contractor’s office
building during September.


§ In parallel, occupational dust and occupational noise exposure
measurements were applied to 5 people at 5 spots determined
by TESTMER considering normal working conditions.
Lighting measurements were also performed in work places at
25 spots  during daytime and 4 spots during night time. The
measurement reports are presented in Appendix-5.
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Occupational
Health and
Safety
procedures
(Item 9)


Hazard/Risk Identification and Management


§ All tasks to be performed by Contractor and Subcontractors
are  subject  to  a  written  Method  Statement  and  a  Risk
Assessment.


§ A  Risk  Assessment  is  required  for  each  activity  by
Subcontractors and mitigation measures are implemented
before commencement of work in line with Turkish Law
6331.


Employee Involvement


Involvement of individual employees in OHS management is
promoted through the following measures:


§ Health and Safety Observation cards are continued to be
provided at several locations both at the site offices and
construction site for recordable observations of employees.


§ Grievance Mechanism for Workers has been in place for
recording grievances from employees. Grievance forms have
continued to be supplied through boxes located at several
locations of the site offices and employee resting areas. Those
forms provide option for anonymous applications where
personal grievances and recommendations for improvements
can be communicated to the Project management.


Employee Well-fare


§ Number of site resting places for employees of Sub-
Contractors have been increased and improved in general
during the monitoring period.


§ An additional catering hall by Akyıldız Catering Company
was launched for serving to the site employees at Terrace 5 &
6 area.


Job Hazard Analysis


§ Job Hazard Analysis (JHA) tool has been under
implementation for identification of hazards associated with
each project activity while providing responsive measures for
controlling or mitigation of them. Job Hazard Analysis is
provided according to Contractor’s procedure on JOB
SAFETY ANALYSIS (000-A- EE-0190326).







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 71 of 102


Audits and Inspections (Walkthroughs)


§ Safety Walkthroughs conducted at selected project areas on
weekly basis involving participants from management teams
of STAR, Contractor and Sub-Contractors. These routine
inspections are performed in order to identify and rectify
existing problems and to avoid problems that require
proactive actions.


§ Observation noticed during the HSE
Walkthroughs/Inspections are recorded on a database and
used for preparation of Safety Indicators. Records are tracked
through a common register between Owner and Contractor.


§ Contractor has continued with maintaining and submitting
inspection logs and action registers to STAR HSE team on
weekly basis.


Accidents and Incidents Management
All incidents including near misses and hazards are continued to
be reported to Owner by Contractor immediately. Detailed
investigations are also conducted by Contractor for those
necessary in terms of identification of root-cause of the incident
and for implementing necessary measures to avoid re-occurrence.
Further details are provided in procedure 000-A-EE-0190334
INCIDENT INVESTIGATION AND REPORTING
PROCEDURE.


Reporting


Contractor provides HSE reports to Owner on weekly and
monthly basis. Reports include updated information on HSE
specific KPIs, Loss Time Incidents and others.


Drills


A number of 97 drills including gas leak evacuation, trench
rescue, confined space rescue, fire, spill and local evacuation
drills were conducted were performed either jointly by STAR and
Contractor and or by Sub-Contractors within the monitoring
period. Eight common emergency muster drills at site and office
area were also jointly addressed by STAR and Contractor.
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Occupational
Health and
Safety
procedures
(Item 9)


Planned Activities for Next Monitoring Period:


§ As part of Occupational Exposure and Monitoring Program,
following monitoring activities planned  by Contractor
during first quarter of 2016:
- Occupational noise and dust measurements
- Illumination Monitoring for Office and Construction Site
- Thermal Condition Monitoring for Office


§ A joint drill based on gas leak scenario at the Chlorine-
Alkali  is  planned  between  STAR,  PETKİM,  SOCAR
POWER and PETLİM at PETKİM peninsula for January
2016.


§ Contractor is to arrange additional three ambulances for the
refinery area which will enable allocation of ambulance for
each area in addition to the currently available one at the
main Clinic in the office area.


§ HSE Targets are to be finalized and issued for 2016.
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4.7 Supply Chain
Management
Plan (Item 10)


In relation to engineering phase of the project, the following
specific procedures produced by EPC Contractor are followed by
vendors in order for them to be in compliance with the HSE
requirements of the Project.


i) HSE Requirements for Vendors (000-A-EE-0190302)


ii) HSE Design Safety Philosophy  (000-A-EE-0190304)


Accordingly, each Vendor shall demonstrate acceptable HSE
performances and/or guarantee certain emission thresholds and
safety specifications for their supplies and services that are
subject to review process by STAR and Contractor upon vendor
data submitted by them.


With regards to construction phase of the project, EPC Contractor
orders all Sub-Contractors to comply with the Contractor’s HSE
Plan, Procedures and specifications while requiring them to issue
their own procedures accordingly.


One of the other adopted practices for supply chain management
of the Project is the execution of planned HSE audits as planned
where Contractor scrutinizes HSE documentation of Sub-
Contractors and inspects site implementations of the teams. As an
outcome of the audit process, Contractor produces a management
review on HSE performances of all Sub-Contractors and reports
findings for the areas requiring improvements.
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4.8 Resource
Efficiency
Management
Plan (Item 11)


§ First Resource Efficiency Campaign on the theme of Energy
Saving was launched by Contractor by September 2015. Posters
and stickers for use at notice boards and light buttons were
published and distributed to Sub-Contractors for raising
awareness of workers both at office and at site.


§ A specific toolbox talks on energy saving theme was conducted
where workers of Sub-Contractors participated on 7 and 12
September.


§ Uncontaminated storm water that is recovered from cross ditches
on site was recovered and a total of 6,6636 m3 of recovered
rainwater was used during dust suppression activities on site.


Planned Activities


§ Contractor will launch a new campaign on waste management on
resource efficiency theme at the first quarter of 2016.
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4.9 GHG
Management
Plan (Item 12)


This Plan is due prior to the start of operations [Jul. 2017]


4.10 Air emissions -
Prevention and
Control into
the Refinery
fences
(Item 13a)


This Plan is due prior to the start of operations [Jul. 2017]


4.11 Air emissions -
Air Quality
Monitoring
program
(Item 13b)


In accordance with “Ambient Air Quality Monitoring Plan – First
Campaign Using Mobile Devices”, the monitoring activities to address
the identified measurement gaps will be commenced prior to start of
operations prospectively within 2016 for a period of  one year.
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4.12 Sea water and
groundwater
monitoring
plan (Item 14)


No reportable progress is available on seawater monitoring for the reporting
term.


Groundwater Monitoring Activities


In accordance with the accumulated information obtained:


§ In relation to previous hydrogeological and geochemical data
obtained from PETKIM and Contractor in relation to piezometer
measurement results through the existing wells on site as well as


§ Based on considerations in relation to the subsurface geology
governing groundwater occurrence and flow in the subsurface of
the Construction site


§ Through preliminary groundwater quality monitoring (field
measurements, sampling and chemical analysis) and


§ Upon site survey findings by Golder Associates (GA)’
hydrogeology expert Michael Pupeza in May and June;


groundwater quality monitoring plan was revised. The new plans also
integrate overall plot plan of the refinery considering risk levels of units
(e.g.  storage tanks) during operation phase.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 77 of 102


As a result, number of monitoring wells are reduced to 7 locations which
are illustrated in the below given lay-out.


Figure. Lay-out of the Proposed Monitoring Well Network


The locations of the proposed monitoring wells are as follows:


1. MW1 near the Diesel tanks (at the PETKİM boundary)


2. MW2 near the Habar Naphta tank (at the PETKIM boundary)


3. MW3 near the Ege Naphta tank (at the PETKIM boundary


4. MW4 near the Karadeniz Naphta tank (at the PETKIM boundary


5. One borehole at the PETKIM boundary


6. One borehole at the corner


7. One borehole at TÜPRAŞ boundary


*The revised plan is provided as Appendix-8.


Existing Monitoring Wells
Proposed Monitoring Wells
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4.13 Waste water
management
(Item 15)


Implementations by Contractor


There has been no particular progress on waste water management while
routine operations continued Sources of sanitary wastewater are limited
to the followings:


§ Installation of new oil skimmer unit replacing manual type
with enlarged volume was completed at Çayağzı camp site
kitchen outlet point.


§ STAR environment team conducted inspection of the entire
sewage disposal tanks, units available at the site and
conducted spot checks on the leak test records.


§ Sampling activities for effluent water of Çayağzı camp
wastewater  package treatment unit was addressed by the
Local Directorate of the Environment and Urbanization.
Accordingly, Temporary License to Operate is expected to
be issued in the first quarter of  2016.


§ An application for exemption from the EIA for operations
of Güzelhisar Camp’s  waste water package  treatment unit
was addressed to the Local Directorate of Environment and
Urbanization.


§ Disposal records of wastewater  generated upon utilization
of site portable toilets are checked by STAR environment
team.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 79 of 102


4.14 Soil and
Contaminated
land
management
(Item 16)


§ Contractor rolled out a new training module on Spill Prevention
and Response.


§ Spill response teams were established by Sub-Contractors as
inquired by Contractor. Those who received Spill Prevention and
Response training and assigned as a member of spill response
team are provided with spill response team sticker for them to
demonstrate on their helmets.


Figure. Spill response team sticker


§ An environmental bulletin which sets the criteria for spill kis
station color and label coding for integration of such practice by
Sub-Contractors.


Figure. New Spill Kit Station Label, Bin Color  and Instructions


§ Several spill drills including a drill at offshore were conducted
and reported by Sub-Contractors during the reporting term.


§ Refueling Operation Criteria for Heavy Vehicles and Equipment
including preventive and response measures for potential spills
during refueling activity on site was established and issued by
Contractor for instructing Sub-Contractors.
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4.15 Noise
Prevention and
Control -
Source
emissions
(Item 17a)


§ Occupational noise exposure measurements were applied to 5
people at 5 spots determined by third party measurement
company TESTMER considering normal working conditions.
The measurement report is presented in Appendix-6.


§ Environmental noise monitoring activities also conducted by
TESTMER company at the following four locations for day,
evening and night hours:


Measurement
Point


Measurement
Place


Measurement Time


1 Terrace 5-6 5 min
2 Terrace 13


Entrance Gate
5 min


3 Business District 5 min
H1(sensitive
receptor)


PETKİM
lodgments


5 min


H2 (sensitive
receptor)


Settlement Area 5 min


The measurement report is presented in Appendix-9.


Planned Activities


The following periodical monitoring activities planned by Contractor
at the first quarter of 2016:


§ Noise Monitoring at workplace for determining worker's noise
exposure level


§ Vibration Monitoring: HAV and WBV worker's vibration
exposure level


§ Environmental noise monitoring


4.16 Noise
Prevention and
Control –
Immission into
the
Environment
(Item 17b)


-
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4.17 Dust_and_
other_
emissions_
Management
Plan (Item 18)


Dust Management Activities


§ Measurement activity for settled dust parameter as part of the
environmental monitoring campaign was addressed between
21 August and 21 October for a duration of 2 months. The
monitoring was implemented by a accredited third party
service provider TEST-MER company.


§ Periodical measurement activity for PM 10 was also initiated
as part of the environmental monitoring campaign in August
2015 by the same company.  The sampling activities were
performed for 24 hour period at each measurement spot for 7
days between the date intervals of 21.08.2015-28.08.2015,
01.09.2015-08.09.2015 and 09.09.2015-16.09.2015.


The measurements conducted at the selected sampling points
for both parameters are as follows:


- PETKIM Lodging


- STAR - Contractor Site Office Area


- Terrace 13 Entrance Gate


- Terrace 5-6 Forest Area


          The measurement reports are enclosed in the Appendix –9.
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4.18 Waste
management
plan (Item 19a)


§ In October, Contractor awarded La Terra Company as third party
waste management service provider at the construction site. The
Company has the national license to operate and started to
address the needs of the project for management of domestic,
recyclable and hazardous waste categories.  Number of waste
stations  on  site  has  been  increased  by  La  Terra  where  new
skippers with proper labelling and color coding are provided.


§ Contractor initiated waste coding system at the site and notified
all Sub-Contractors to follow the same coding practice.
Accordingly, waste producers are expected to use :


- Black color waste bag /green bin for domestic waste


- Blue color waste bag / blue bin for recyclable waste


- Red color waste bag /red bin for hazardous waste


§ Contractor actively promoted participation of HSE teams,
supervisors, foreman to the Waste Management trainings while
issued several bulletins for awareness of workers on proper waste
management practices.
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4.19 Hazardous
materials
management
plan
(Item 19b)


§ Medical wastes generated due to health service unit operations at
the project area are continued to be stored and managed in
compliance with “Regulation on Control of Medical Wastes”
without mixing in any way with other wastes.  Recyclable wastes
are collected in the recyclable boxes and medical wastes are
collected with red bags in the “Medical Waste Box” at the
medical service unit. Collected wastes are locked in “Medical
Waste Container” and properly managed in accordance with the
“Regulation on Control of Medical Wastes”.


§ Hazardous Materials are maintained together with their associated
Material Safety Data Sheets (MSDSs) at temporary storage
locations by each Sub-contractor.


§ Contractor’s HSE team conducts periodic inspections on storage
locations in order to review compliance with appropriate storage
conditions while checking availability of MSDSs.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 84 of 102


4.20 Workers and
Community
Health
management
plans (Item 20)


§ Extensive pre-employment health checks continued to be
conducted prior to commence of work on site. Periodical checks
for all employees are carried out on annual basis.


§ Medical Clinic services consisting of one health services
coordinator, 5 site doctors, 9 nurses and ambulance services  have
become operational 7/24 hours since the third quarter of the year.


§ In line with requirements of the Communicable Diseases Workers
Health Plan of the project, Communicable Disease Campaigns
was initiated in September. The initial campaigns scoping general
hygiene rules and hand washing topics with a target of workers
were addressed by Contractor’s Health Coordinator Dr.Yağız
Yurteri. Between September to December, information on
communicable diseases (flu) and proper hand washing were also
disseminated among workers through the posters provided at
resting places and toilet/shower units.


Planned Activities


§ Delivery of trainings at the local schools by Contractor’s Health
Coordinator on communicable diseases


§ Addressing toolbox talks for awareness of workers on the topics
of chemical dangers, alcohol and work safety, carbon monoxide
and sexually transmitted diseases
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4.21 Traffic
management
plan (Item 21)


Regular service, maintenance and regulatory compliance checks
including exhaust emissions by STAR and Contractor’s team
continued to be addressed on routine basis for entire vehicle fleet
and heavy machinery.
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4.22 Security
Management
plan (Item 22)


Implementation by STAR


STAR’s Security Manager oversees Contractor’s Security Management
System and observes such operations on routine basis. Procedure and
Plans submitted by Contractor on security is reviewed and supervised
under the coordination of Security Management in cooperation with
relevant disciplines.


Implementations by Contractor


i. Organizational Structure: Security management is implemented by
the Owner’s Contractor TSGI Engineering Construction (TSGI MI)
Company who is responsible with ensuring highest possible level of
protection of the project site and its assets. The following chart presents
the roles and organization structure as per overall security management of
the project. Contractor acquires private security services from a third
party (ISS Proser Security Services) to provide qualified, uniformed
security personnel on 7X24 hours basis for routine security operations.


Figure. Security Organization Chart by Contractor
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Security
Management
plan (Item 22)


Procedures/Plan


The following documentation applying to the Owner, Contractor and
subcontractors working in the relevant project areas was produced by
TSGI MI and updated when necessary.


- Security Procedure for Material Control (DOC no: 2248-000-A-
EE-0190652)


- SOP (Standard Operating Procedures) for Security of
Temporary Facilities (DOC no: 2248-000-A-EE-0190672)


- SOP Access Procedures to ARP Sites (DOC No: 2248-000-A-
EE-0190670)


- SOP Line of Communication and Reporting (DOC No: 2248-
000-A-EE-0190671)


- SOP Missing Personnel (DOC No: 2248-000-A-EE-0190656)


- Security Plan (DOC no: 2248-000-A-EE-0190310)


Implementations/Mitigation Measures


i) Induction/Trainings, Exercises: TSGI MI as required within
the scope of activities provides Security Awareness Briefings
to the new comers of the project. Essential information
including site security status of the operation area, security
implementations, standing security procedures, security
access, general security advices and contact numbers of
responsible security team are provided to those for their
orientation on security aspects and also supplied with
“Welcome Security Booklet” which contains practical security
information for the Project site, Aliağa and Turkey in general.


Some of the selected training and exercise programs planned
for 2nd half of 2015 consists of Voluntary Principles on
Security and Human Rights, First Aid Procedures,  Action
Against Theft Incidents, Handcuffing Use of Baton and Fire
Quick Reaction Matrix.
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Security
Management
plan (Item 22)


ii) Reporting: Contractor continued with preparation of daily
and weekly security reports where information on the
following topics shared regularly:


- Security Operating Level
- Manpower
- Security Environment
- Logistics
- Recommendations and Requirements
- Communications


Other Security Related Issues:


In addition to the routine reporting, security specific incidents
are communicated through incident reporting while situation
reporting is conducted for cases where risks are foreseen and
follow up actions recommended. These reporting channels
ensure immediate reporting on breaches of security to the Site
Security Coordinator.


iii) Other: Other mitigation measures have been applied by the
Security team includes:


§ Physical security measures including fencing,
watchtowers.


§ Access Control Systems measures including issuance of
temporary entry badges that grants access to the site for
authorized vehicles and people


§ Two patrol teams consisting of two security guards have
been operational for ensuring transportation of security
guards in charge of remote areas of the project site.


§ Journey Management for logistics and administrative
management of those on an assignment and travelling for
business in the country are implemented for safety, traffic
and security management aspects.


§ Maintaining close relations with local law enforcement
authorities for close coordination on security issues in case
of need.


§ Random inbound & outbound vehicle searches are
conducted on site in order to provide material control and
loss prevention for company assets.


§ Compartmentation of areas and restricting access to these
areas with authorized personnel and vehicles only is a part
of access control measures which is intended to reduce risk
of having accidents in these areas as far as practical.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 29 February 2016


000-A-OE-0090054-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 4 – DECEMBER
2015)


Page 89 of 102


4.23 Biodiversity
Action Plan
(Item 23)


Impact Mitigation Activities


§ Silt curtains were assembled at first week of August 2015 on the
north of planned Jetty-3 location where presence of P. oceanica
has been identified. Aimed at protection of marine ecosystem,
assemblage of silt screen has been addressed by Aquatic
Engineering (UK) under the Contractor’s responsibility for
ensuring a barrier against suspended sedimentation arising from
marine construction activities. In particular, controlling dispersion
of suspended solids by application of such an ecological solution
will support efforts for preservation of habitats characterized by
Posedonia oceanica that is under protection by the Barcelona
Convention.


Photo: Installation activity at the North of Jetty-3 area


§ As per the results of sediment dispersion modelling studies
supported with hydrodynamic modelling and area specific inputs
that demonstrate simulations of several different scenarios; silt
curtain measure has been expected to have excellent performance
in mitigating adverse impacts of the construction activities.


§ The installed curtain is a flexible of which vertical installations
extend downward from the water surface to a specified water
depth and usually tight to the bed.


Photo: View of STAR, TSGI and Aquatic Engineering Teams
from the vessel
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Biodiversity
Action Plan
(Item 23)


Figure. Silt Curtain Configuration


§ The curtain is typically maintained in a vertical position by closed
cell floats at the top and anchored with a ballast chain along the
bottom.  It is made of a 200 mm polyester-reinforced
thermoplastic (vinyl) with geotextile weaved inside which has
excellent porosity features and becomes 100% impermeable in 2
days following its installation once biofilm conditions achieved.


Monitoring Activities


§ Monitoring Performance of Silt Curtain Application: STAR
environment team has been reviewing position and performance
of the silt curtain application throughout marine construction
activities. Furthermore, Contractor carries out continuous
turbidity measurement through turbidity-meters which is
positioned on an anchored buoy in addition to monitoring through
satellite images.  Graduates stakes are also installed for measuring
sediment accumulation over the demarcated habitats.


§ Monitoring of P. oceanica: As part of monitoring campaign on
marine biodiversity, the 2nd campaign was carried out between
13 and 16 December 2015 from Dokuz Eylül-3 research vessel of
Dokuz Eylül University the Institute of Marine Sciences and
Technology (DEU-IMST).
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Biodiversity
Action Plan
(Item 23)


The measurements over phenological and lepidochronological
parameters showed that the difference between June 2015
(baseline) and December 2015 is not significant. However, the
plagiotrophic rhizomes percentage was conspicuous at the lower
limit of meadow (MON_PO_02 and MON_PO_04). The
difference was approximatively %50 percent. This means that P.
oceanica could not expand deeper areas.


§ Monitoring of Heavy Metals Using Mussel Positioned on
Submerged Structures: A total of 4 monitoring stations, among
which one of them just north of Local Study Area(LSA), were
placed on 11 November 2015 in the LSA (see photo and table
below). Prior to placement, one day earlier, all the mussels were
kindly provided by the Çamlı Inc. from their facilities in Ildır
Çeşme, and baseline samples were collected and stored at DEU-
IMST Chemistry Lab. The first samples will be collected in
February 2016. When four samples are planned to be collected
from each station (approx. 10 months), the lab analysis will be
carried out and results will be delivered in the respective progress
report.


  Table: The Coordinates of Mussel Stations
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Photo: Operation photographs for mussel positioned on submerged
structures


§ Monitoring of Potential Presence of Marine Reptiles: Based
on their fully gravely characteristics, beaches (2&3) which are
close to the LSA were not found suitable for sea turtle nesting.
However, due to partly sandy characteristics of the beach in front
of the PETKİM Social Facilities, the research had decided to
verify whether any sea turtle nests here. Therefore, this beach was
examined twice on 14 June and 15 July 2015. Eventually, no
direct evidence of sea turtle nesting was determined. It is
therefore concluded that the area is not suitable for breeding, but
sporadic observations of feeding individuals are likely to be
encountered.
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Figure. The map of the beaches identified during sea turtle nest beach
identification


§ Monitoring of Habitats Characterized by the Presence of
Hard Bottom Communities: Hard bottom communities
monitoring stations had been identified by scuba divers at the
given locations during previous reporting term. Ten iron quadrats
(25x25 cm) attached with small buoys and code tags had been
prepared and installed around the hard bottom substrata. Divers
had fixed the quadrats by nails and small buoys with code tags
that will help finding them at preceding monitoring work. After
installation of the quadrats, photos had been taken with digital
camera. During this reporting term, the pictures of the quadrats
were taken on 14 December 2015.


Figure. Quadrat positions for hard bottom communities
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In is this reporting term, photo-quadrat analysis revealed 19 taxa
belonging to 4 taxonomic groups (Algae, Porifera, Arthropoda
and Polychaeta). Algae were the dominant group in terms of
species richness (12 species), followed by Porifera (5 species),
Arthopoda (1 species) and Polychaeta (1 species).


§ Monitoring Potential Presence of Monk Seals: During the
second reporting term, 6 camera traps (Moultrie 1100i) were
installed in 4 pre-identified caves and one new cavern (Cave_12)
and one hidden pebble beach (Cave_13) instead of rest (n=2) of
the caves identified on 11 November 2015. No monk seal
observations were made neither in the LSA nor in the buffer zone.


Photo: Operation photographs during camera-traps installations
at cave and caverns


The further information in relation to the second monitoring
activity by DEU-IMST is enclosed in the Appendix-10.


4.24 Terrestrial
Flora and
Fauna
Management
Plan (Item 24)


Issued in August 2014.
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4.25 Invasive alien
species
prevention
(Item 25)


Considering ballast water is the main vector for the spread of
marine Invasive Alien Species (IAS), marine transportation
agencies were notified by STAR through Contractor’s logistics
team prior to start of shipping operations which are addressed for
transportation of heavy equipment/machinery of the ARP. STAR
environment team conducted spot-checks on ballast water records
of the marine vessels which arrived at PETLIM container port for
transportation of several heavy equipment from overseas. The
marine crew including captain of BBC Brisbane vessel was also
interviewed at the ship where the vessel ballast manual and ballast
log books were checked. The coordinates of ballast water discharge
points were verified on the map and the location is identified within
a distance of 900 km on the East of Philippines in the Pacific
Ocean.


4.26 Chance find
procedure
(Item 26)


There have been no accidental findings discovered during the
ongoing site preparation works throughout the monitoring period.


In terms of increasing awareness of the ARP employees, a specific
bulletin on archeological values of Kyme Antique City and
instructions in case of a chance finding were disseminated at office
and site notice boards.
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4.27 Audit and
Non-
Conformities
Procedure


Activities jointly by STAR and Contractor


§ Legal Compliance H&S Audit was carried out on August 10 and 11
in order to check Contractor’s compliance with the national
regulations. Close out Meeting held with the Contractor where audit
findings were presented and discussed.


§ STAR and TSGI teams conducted pre-assessment or OHS and
environmental audits to the following plants on the given dates:


- Aldurlar, Has-Akdemir and  Bastaş Stone Quarry on 29 July
2015 (pre-assessment)
- Özerdemler Concrete Recycling Facility on 14 August 2015
(audit)


Photo: Views from Aldurlar Stone Quarry and Özerdemler
Concrete Recycling Facility from left to right


*Assessment/audit reports can be found in the Appendix-11.


§ An internal HSE audit of Sub-Contractors was conducted on the
last week of  October by Contractor’s field HSE team.


§ STAR environment team initiated an additional inspection
mechanism based on site checks and respective reporting through
daily control forms since December 2015. STAR environmental
technician conducts daily inspections to different areas of the site
throughout the week and reports positive and negative findings
accordingly.


Planned Activities


§ Environmental audit of SÜREKO Waste Management and Refuse
Derived Fuel (RDF) production plant in January 2016.
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4.28 Management
of Change
Procedure


Issued in August 2014.


There has been no reportable  management of change case during the
reporting term.
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5.0 CONCLUSIONS


The Project is in compliance with the requirements stipulated in the EIA consents.


The Project is following the requirements of the ESAP and ESIA.


6.0 UPDATE ON PROJECT DOCUMENTATION STATUS


The Table in Appendix 7 of this report provides the updated timeline for:


· the documentation submission from Star/Golder to Lenders’ advisors;


· the documentation review by Lenders’ advisors;


· the documentation revision/amendment by STAR/Golder; and


· the documentation approval by Lenders’ advisor.
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APPENDIX-1  EIA MONITORING REPORTS
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APPENDIX 7 – WORK PROGRESS TABLE BY THE END OF JUNE 2015


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


ESHS Policies 5 August


25 August
APPROVED
MINOR
COMMENTS


Associated facilities and Supply chain
IA 6 August


26 August
APPROVED
MINOR
COMMENTS


Dumping areas MP 6 August


26 August
APPROVED
MINOR
COMMENTS


Supply chain MP 14 July 21 July 5 August 25 August
APPROVED


GHG emission report 7 July
Risk Assessment 27 June 3 July 28 July 1 August APPROVED
JHA procedure 11 July 21 July APPROVED
ESMS Manual 27 May 10 June 15 July 1 August APPROVED


Audit Procedure 20 June 21 July 23 July


1 August
NotAPPROVED
(Clarifications needed
in the audit program)


6 August 19 August
APPROVED


Training Procedure 11 July 21 July 23 July 1 August APPROVED


SEP 16 Jun 3 July 21 July
1 August APPROVED
MINOR
COMMENTS


Grievance Mechanism 30 May 10 June 21 July 1 August APPROVED
Local Workforce Recruitment 17 Jun 26 June 5 August 6 August APPROVED
Employment 23 July 28 July 6 August 8 August APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


OHS Plan 30 June 14 July 5 August 6 August APPROVED


Resource Efficiency 16 Jun 23 June 21 July
1 August APPROVED
MINOR
COMMENTS


See Item 18 x x x x x x


Seawater Sediment 30 June 21 July 23 July
1 August APPROVED
MINOR
COMMENTS


Groundwater Quality Monitoring 16 Jun 26 June 21 July 1 August APPROVED


Revised
version  -
December
2015


Wastewater 1 July 14 July 21 July 1 August APPROVED


Soil 14 July 21 July 28 July
6 August APPROVED
MINOR
COMMENTS


Noise 16 Jun 26 June 21 July


1 August NOT
APPROVED
(Measures for
mitigating marine noise
during construction
missing)


6 August 19 August
APPROVED


Dust and other emissions 17 Jun 3 July 23 July


1 August NOT
APPROVED
(Sensitive receptors
and not just humans,
frequency of
monitoring)


6 August


19 August
APPROVED
MINOR
COMMENTS


Waste 27 June 14 July 28 July


6 August NOT
APPROVED (auditing
waste disposal facilities
before they are


6 August


19 August
APPROVED
MINOR
COMMENTS
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


retained)


Hazardous materials 4 Jun 25 June 15 July
1 August APPROVED
MINOR
COMMENTS


Communicable_Diseases_Baseline 20 June 16 July APPROVED


Communicable_Diseases_WHP 11 July 16 July 28 July
1 August APPROVED
MINOR
COMMENTS


Traffic 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Security 30 June 3 July 21 July 1 August APPROVED


Marine Biodiversity 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Terrestrial Flora and fauna 4 July 21 July 6 August


8 August NOT
APPROVED
(monitoring fauna in
proximity of dumping
area Güzelhisar D and
wetland)


8 August 19 August
APPROVED


Alien Species 30 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Chance Find Procedure 23 July 28 July 5 August 6 August APPROVED
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1. ENVIRONMENTAL AND SOCIAL MANAGEMENT PLANS-


OPERATION 


1.1 Introduction and Project Overview 


1.1.1 Background  


STAR Rafineri A.Ş. (STAR), formerly known as SOCAR&TURCAS Rafineri A.Ş. (STRAŞ), is planning to 
build an oil refinery named Aegean Refinery (“STAR”, “the Project”) with the capacity of processing 
10 million tons crude oil per year in Aliağa Town of İzmir Province, on the Aegean coast of Turkey.  


The proposed Project Site is located at an industrial district and on the land of Petkim Petrokimya Holding 
A.Ş. (majority shares owned by a separate subsidiary of STAR). The Project Site is adjacent to the 
present Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum Refinery.  


A local Environmental Impact Assessment (EIA) study along with the requirements of Turkish Legislation 
has already been completed for the Project in 2009 and the Project has been permitted by the former 
Turkish Ministry of Environment and Urbanization by development consent. The Energy Market 
Regulatory Authority (EMRA) of Turkey granted a 49-year Refining License to STAR in June 2010. 


In addition, STAR Refinery Marine Terminal is planned to be constructed and operated in the scope of 
STAR Project. The marine terminal will allow unloading (import) of crude oil and loading (export) of 
multiple products including LPG, jet, diesel, reformate, sulphur and xylenes. Considering variability of the 
products, multiple jetties are required in the terminal.  


At present, four separate jetties are planned. Each of the jetties will allow double sided berthing of 
tankers. While three jetties will be for liquid handling, one jetty will be for bulk cargo EIA to bankable ESIA 
in compliance with IFC requirements. The local EIA included Phase I (Jetty I and Jetty II) STAR Refinary 
Marine Terminal and was completed in accordance with Turkish Legislation. The marine terminal impact 
assessment as part of the current ESIA considered Phase I (Jetty I and Jetty II) and Phase II (Jetty III and 
Jetty IV). 


Aforementioned Environmental Impact Assessment (EIA) study has been completed for capacity increase 
of existing Petkim Port in 2012. Two of the planned jetties in STAR Marine Terminal were included in this 
study and has been permitted by the Turkish Ministry of Environment and Urbanization (MoEU).  


Golder Associates S.r.I (Italy), together with its subcontractor Golder Associates Ltd. Şti. (Turkey) 
(“Golder”) was contracted by STRAŞ in July 2010 to conduct an Environmental and Social Impact 
Assessment (“ESIA”) Study along with international requirements for the Aegean Refinery part of the 
Project. This scope of work was completed in May 2011. In October 2011, existing contract was amended 
to include the STAR Rafinery Marine Terminal activities (jetty extension).  


The complete ESIA study was based on the studies conducted during the Local EIAs, but upgraded along 
with the requirements of International Financing Agencies, particularly requirements of Equator 
Principles, EU legislation and IFC. The ESIA Report evaluates potential environmental and social effects 
of the Project, recommends mitigation measures to reduce adverse effects and optimize benefits, and 
recommends a follow-up and monitoring program to comply with the applicable regulatory requirements 
and international guidelines. 







 


STAR Project 
Environmental and Social Impact Assessment Report – Final 


 


 


11513150061 ESIA 2  
 


The Environmental and Social Management Plans (ESMP) for the STAR Project provided in this volume 
is based on the outcome of the Environmental and Social Impact Assessment (ESIA) for the Project 
conducted by Golder.  


1.1.2 Project Overview  


Primary goals of the STAR Project are summarized below: 


• To ensure the continuity of supply for Petkim Petrochemical Complex by meeting the raw material 
demand in an economic and reliable manner; 


• To produce middle distillate fuels (Ultra Low Sulfur Diesel and Jet Fuel) for the domestic market 
which is currently experiencing a vast amount of supply deficiencies; 


• To create additional synergy by establishing Refinery - Petrochemicals integration; 
• To add value for national economy through production, trading, employment, logistics, etc.; and 
• To contribute reduction of the foreign trade deficit of the country. 


Main products of the STAR Project are Naphtha, LPG and Mixed Xylenes that would meet the raw 
material needs of Petkim and the products Ultra Low Sulfur Diesel (ULSD), Jet Fuel/Kerosene, Petroleum 
Coke and elementary Sulfur that would be introduced to both domestic and international markets.  


The Project was designed with the state-of-the-art processing technology that is economically viable and 
environmentally sustainable. Environmental protection, reliability and process safety by the Project 
design, and social welfare and participation in construction and operation stages will be incorporated. 
Equipment will be selected to meet internationally acknowledged design codes and standards, and 
quality safety features will be included in all aspects of the Project operations. 


It is predicted that Detailed Engineering/Procurement/Construction (EPC) period including commissioning 
and start-up activities for the Project will be 3.5-4 years. Operating period of the Project is expected to be 
49 years. This period of service life can be extended by maintenance and renewal.  


1.1.3 Regulatory Framework  


STAR Project will always refer to current national, EU Directives and IFC EHS legislation. Most stringent 
pollution and emission limit listed by IFC, EU Directives and/or by local legislation, where applicable, will 
be refered in all phases of the Project. Current national and international legislation/standarts are outlined 
below. 


Current National Environmental Legislation 


The Turkish legal framework for environmental protection was developed in line with national and 
international initiatives and standards, and some of them have been revised recently to be harmonized 
with the EU Directives in the scope of pre-accession efforts of Turkey to the EU. In the following sections, 
related institutions, legislation, process and procedures that are related to the environmental and social 
aspects of the proposed project are described.  


The Ministry of Environment and Urbanization (MoEU) is the responsible organization for the issuing and 
implementation of policies and legislation adopted for protection and conservation of the environment, 
and for sustainable development and management of natural resources.  


The Turkish Environment Law No. 2872, which came into force in 1983, handles environmental issues on 
a very broad scope. According to the basic principles that govern the application of the Environment Law, 
and as stated in the Constitution, citizens as well as the state bear responsibility for the protection of 
environment. Complementary to the Environment Law and its regulations, other laws also govern the 
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protection and conservation of the environment, the prevention and control of pollution, and the 
implementation of measures for the prevention of pollution. 


The Environment Law of 1983 has a comprehensive structure that has a holistic and integrated vision for 
the environment. ”Polluter pays” and “user pays” principles and carrying capacity concepts form the basis 
of regulatory tools in the Environmental Law. The Law is supported by numerous Regulations and 
decrees prepared or updated in the process of alignment with EU legislation, thus contributing 
significantly in compensating the gaps within the former legislative system of Turkey.  


Other relevant laws in the scope environmental legislation are as follows: 


• Law on Ports and Harbors, No. 618; 
• Law on General Sanitation, No.1593; 
• Law on Aquatic Products, No.1380; 
• Coastal Law, No.3621; 
• Law on Principles for Emergency Response and Compensation of Losses in Pollution of Marine 


Environment by Petroleum and Other Hazardous Substances, No.5312; 
• Law on Energy Efficiency, No.5627 
• Law on Groundwaters, No.167 


Current National Social Legislation 


Labor and occupational health & safety issues in Turkey are governed by the Ministry of Labor and Social 
Security. Major regulations relevant to labor and working conditions are: 


• Labor Law No. 4857 (10 June 2003): Aims to regulate the working conditions and work-related 
rights and obligations of employers and employees working within the confines of an employment 
contract. 


• Regulation on Workers Health and Work Safety (09 December 2003, Off. Gaz. no: 25311): 
Stipulates the legal rights of employees. In addition, Regulation on Workers Health and Work 
Safety stipulates health and safety conditions within workplaces in detail. 


The protection of cultural heritage in Turkey is governed by the Ministry of Culture and Tourism. Law on 
Protection of Cultural and Natural Assets determines the criteria for designation of protected areas, 
principles related with the protection measures and limitations on the use of these areas under the 
supervision and power of the Committee on Protection of Cultural and Natural Assets. 


Other relevant social laws are as follows: 


• General Public Health Law (24 April 1930); 
• Public Settlement Law (21 June 1934); 
• Expropriation Law (no. 2942); 
• Land Deed and Registration Law (no. 3402); 
• Resettlement Law (21 June 1934); 
• Communication Law (no. 7201); 
• Procurement Law (no. 2986). 


Equator Principles and IFC Standards and Guidelines  


The Equator Principles Financial Institutions (EPFIs) emphasize that they will not provide loans to 
projects where the borrower will not or is unable to comply with the EPFIs social and environmental 
policies and procedures that implement the Equator Principles.  
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In addition, the Equator Principles endorse the applicable IFC Performance Standards, IFC General EHS 
Guidelines and IFC Industry Specific EHS Guidelines. The Performance Standards establish the 
standards that the project is to meet throughout the life of an investment by IFC or other relevant financial 
institution. General and Industry Specific EHS Guidelines provide implementation guidelines and 
environmental quality limits that projects should comply with. 


The Equator Principles Financing Institutions (EPFIs) have ten principles: 


• Principle 1: Review and Categorization 
• Principle 2: Social and Environmental Assessment 
• Principle 3: Applicable Social and Environmental Standards 
• Principle 4: Action Plan and Management System 
• Principle 5: Consultation and Disclosure 
• Principle 6: Grievance Mechanism 
• Principle 7: Independent Review 
• Principle 8: Covenants 
• Principle 9: Independent Monitoring and Reporting 
• Principle 10: EPFI Reporting 


The eight Performance Standards (PSs) establish the standards that the project is to meet throughout the 
life of an investment by IFC or other relevant financial institution: 


• PS 1:  Social and Environmental Assessment and Management System 
• PS 2:  Labor and Working Conditions (where applicable) 
• PS 3:  Pollution Prevention and Abatement 
• PS 4:  Community Health, Safety and Security (where applicable) 
• PS 5:  Land Acquisition and Involuntary Resettlement (where applicable) 
• PS 6:  Biodiversity Conservation and Sustainable Natural Resource Management (where 


applicable) 
• PS 7:  Indigenous Peoples 
• PS 8:  Cultural Heritage 


IFC General EHS Guidelines (dated April 30, 2007) provides guidance to users on common EHS issues 
potentially applicable to all industry sectors. During the design, construction, operation and 
decommissioning of the project (the project lifecycle) the project owner will consider ambient conditions 
and apply pollution prevention and control technologies and practices (techniques) that are best suited to 
avoid or, where avoidance is not feasible, minimize or reduce adverse impacts on human health and the 
environment while remaining technically and financially feasible and cost-effective.  


The IFC EHS Guidelines for Petroleum Refining (dated April 30, 2007) include reference values on 
environmental, health, and safety aspects. The EHS Guidelines are technical reference documents with 
general and industry specific examples of Good International Industry Practice (GIIP). These industry 
sector EHS guidelines are designed to be used together with the General EHS Guidelines. The EHS 
Guidelines for Petroleum Refining cover processing operations from crude oil to finished liquid products, 
including liquefied petroleum gas (LPG), gasoline, kerosene, diesel oil, heating oil, fuel oil, bitumen, 
asphalt, sulfur, and intermediate products (e.g. propane / propylene mixtures, virgin naphtha, middle 
distillate and vacuum distillate) for the petrochemical industry. Annex A contains a description of industry 
sector activities. Further information on EHS issues related to storage tank farms is provided in the EHS 
Guidelines for Crude Oil and Petroleum Product Terminals.  


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) refers to the IFC EHS Guidelines for 
Crude Oil and Petroleum Product Terminals for the recommended practices for storage of crude oil 
and products management of fire and explosion hazards. The EHS Guidelines for Crude Oil and 
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Petroleum Product Terminals include information relevant to land and shore-based petroleum storage 
terminals receiving and dispatching bulk shipments of crude oil, gasoline, middle distillates, aviation gas, 
lube oil, residual fuel oil, compressed natural gas (CNG), liquid petroleum gas (LPG), and specialty 
products from pipelines, tankers, railcars, and trucks for subsequent commercial distribution.  


The IFC EHS Guidelines for Ports, Harbors, and Terminals are applicable to commercial ports, 
harbors, and terminals for cargo and passengers transfer. Shipping (including repair and maintenance of 
ships), fuel terminals, or railways are addresse in separate industry sector EHS Guidelines, specifically 
the EHS Guidelines for Shipping, Crude Oil and Petroleum Product Storage, Railways, respectively.  


EBRD Performance Requirements (PRs) 


EBRD-financed projects are expected to meet good international practice related to sustainable 
development. To help clients and/or their projects achieve this, the EBRD has defined specific PRs for 
key areas of environmental and social issues and impacts as listed below: 


���� PR1 : Environmental and Social Appraisal and Management 


���� PR2 : Labour and Working Conditions 
���� PR3 : Pollution Prevention and Abatement 
���� PR4 : Community Health, Safety and Security 
���� PR5 : Land Acquisition, Involuntary Resettlement and Economic Displacement 
���� PR6 : Biodiversity Conservation and Sustainable Natural Resource Management 
���� PR7 : Indigenous Peoples 
���� PR8 : Cultural Heritage 


���� PR9 : Financial Intermediaries 
���� PR10 : Information Disclosure and Stakeholder Engagement 


Applicable National Regulations and International Guidelines  


Turkish National Regulations and IFC Guidelines and EU Directives that are applicable to the Project are 
provided in Table 1-1 below. The compliance with the regulations and guidelines for, water, electricity and 
steam during operations phase will be the responsibility of the third party, Petkim. Wastewater relevant 
regulations and guidelines are provided for informative purposes, whereas the others are not included. 


 


Table 1-1. Relevant Regulations and Guidelines for the Refinery Project – Operation Phase 


Issue Relevant Guidelines and Regulations  


Operations Phase 


Environmental Issues 


Air Quality  


• IFC General EHS Guidelines 
- Environmental - Air Emissions and Ambient Air Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Air Emissions, Greenhouse 


Gases (GHG) 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission and 
Waste Generation 


• Turkish Regulations 
- Regulation on Industrial Air Pollution Control 
- Regulation on Assessment and Management of Air Quality  
- Regulation on Decreasing the Ozone Depleting Materials 
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Issue Relevant Guidelines and Regulations  


- Regulation on Control of Exhaust Gas Emission 
- Regulation on Odor Causing Emissions 


• EU Regulations 
- Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 


ambient air quality and cleaner air for Europe 
- Directive 2004/107/EC of the European Parliament and of the Council of 15 December 


2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic hydrocarbons in 
ambient air 


- Directive 2003/87/EC of the European Parliament and of the Council of 13 October 2003 
establishing a scheme for greenhouse gas emission allowance trading within the 
Community and amending Council Directive 96/61/EC 


- Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 
relating to emissions from air-conditioning systems in motor vehicles and amending 
Council Directive 70/156/EEC 


- Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 
- Regulation (EC) No 2037/2000 of the European Parliament and of the Council of 29 June 


2000 on substances that deplete the ozone layer 
- Directive 2001/80/EC of the European Parliament and of the Council of 23 October 2001 


on the limitation of emissions of certain pollutants into the air from large combustion plants 


Energy 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Energy Conservation 


• IFC EHS Guidelines for Petroleum Refining 
- Performance Indicators and Monitoring – Environment – Resource Use, Energy 


Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy 
Usage 


• EU Regulations 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control 
- EC/JRC 2008: IPPC Reference Document on Best Available Techniques for Energy 


Efficiency. June 2008 
- Directive 2002/91/EC of the European Parliament and of the Council of 16 December 2002 


on the energy performance of buildings 


Water and 
Wastewater 
Quality  


• IFC General EHS Guidelines 
- Environmental - Wastewater and Ambient Water Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission and 
Waste Generation 


• Turkish Regulations 
- Regulation on Water Pollution Control  


• EU Regulations 
- Council Directive of 12 December 1991 concerning the protection of waters against 


pollution caused by nitrates from agricultural sources 
- Council Directive of 16 June 1975 concerning the quality required of surface water 


intended for the abstraction of drinking water in the Member States 
- Council Directive of 22 March 1982 on limit values and quality objectives for mercury 


discharges by the chloralkali electrolysis industry 
- Council Directive of 26 September 1983 on limit values and quality objectives for cadmium 


discharges 
- Council Directive of 9 October 1984 on limit values and quality objectives for discharges of 
- hexachlorocyclohexane 
- Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006 


concerning the management of bathing water quality and repealing Directive 76/160/EEC, 
- Directive 2000/60/EC of the European Parliament and of the Council of 23 October 2000 


establishing a framework for Community action in the field of water policy 
- Directive 2006/118/EC of the European Parliament and of the Council of 12 December 


2006 on the protection of groundwater against pollution and deterioration 
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Issue Relevant Guidelines and Regulations  


Water 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Water Conservation 


• EU Regulations 
- Directive 2006/11/EC of the European Parliament and of the Council of 15 February 2006 


on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 


- Council Directive of 12 June 1986 on limit values and quality objectives for discharges of 
certain dangerous substances included in List I of the Annex to Directive 76/464/EEC 


Hazardous 
Materials 
Management 


• IFC General EHS Guidelines 
- Environmental - Hazardous Materials Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 


• IFC EHS Guidelines for Crude Oil and Petroleum Product Terminals  
• Turkish Regulations 


- Regulation on Restrictions on the Production, Placing on the Market, and Use of Some 
Hazardous Materials 


- Regulation on Inventory and Control of the Chemicals 
• EU Regulations 


- Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of 
Chemicals (REACH), establishing a European Chemicals Agency, amending Directive 
1999/45/EC and repealing Council Regulation (EEC) No 793/93 and Commission 
Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and Commission 
Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC 


- Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, regulations 
and administrative provisions relating to the classification, packaging and labelling of 
dangerous substances 


- Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 
concerning the approximation of the laws, regulations and administrative provisions of the 
Member States relating to the classification, packaging and labelling of dangerous 
preparations 


Waste 
Management 


• IFC General EHS Guidelines  
- Environmental - Waste Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastes 
- Performance Indicators and Monitoring – Environment – Environmental Monitoring; 


Resource Use, Energy Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on Solid Waste Control 
- Regulation on General Principles of Waste Management 
- Regulation on Hazardous Waste Control  
- Regulation on Waste Oil Control  
- Regulation on Medical Waste Control  
- Regulation on Control of Waste Batteries and Accumulators 
- Regulation on Control of Vegetative Oils 
- Regulation on Control of PCB and PCTs  
- Regulation on Package Waste Control  


• EU Regulations 
- Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on 


waste 
- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 June 


2006 on shipments of waste 
- Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated 


biphenyls and polychlorinated terphenyls (PCB/PCT) 
- Directive 94/62/EC of the European Parliament and of the Council of 20 December 1994 


on packaging and packaging waste 
- Directive 2002/96/EC of the European Parliament and of the Council of 27 January 2003 


on waste electrical and electronic equipment (WEEE) 
- Directive 2002/95/EC of the European Parliament and of the Council of 27 January 2003 


on the restriction of the use of certain hazardous substances in electrical and electronic 
equipment 
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Issue Relevant Guidelines and Regulations  


Noise  


• IFC General EHS Guidelines 
- Environmental - Noise  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Noise 


• Turkish Regulations 
- Regulation on Assessment and Management of Environmental Noise 


• Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating 
to the assessment and management of environmental noise 


Soil Quality 


• IFC General EHS Guidelines 
- Environmental - Contaminated Land 


• Turkish Regulations 
- Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 


• Council Directive of 12 June 1986 on the protection of the environment, and in particular of the 
soil, when sewage sludge is used in agriculture 


• Directive 2004/35/CE of 21 April 2004 on environmental liability with regard to the prevention 
and remedying of environmental damage 


Occupational and Community Health and Safety Issues 


Occupational 
and 
Community 
Health and 
Safety  


• IFC General EHS Guidelines   
- Occupational Health and Safety 
- Community Health and Safety  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Occupational Health and Safety; Community 


Health and Safety 
- Performance Indicators and Monitoring – Occupational Health and Safety 


• Turkish Regulations 
- The Labor Law – No.4857 
- Regulation on Workers Health and Work Safety 
- Statue on Measures for Workplaces Where Flammable, Explosive, Dangerous and 


Hazardous Materials are Used 
- Regulation on Machine Guards 
- Regulation on Safety and Health Requirements Working With Display Screen Equipment 
- Regulation on Vibration 
- Regulation on Noise 
- Health and Safety Signs Regulation 
- Regulation on Health and Safety at Construction Sites 
- Regulation on Protection of Workers form the risk of Explosive Media 
- Regulation on Health and Safety Precautions Regarding Working with Asbestos 
- Regulation on Manual Handling 
- Regulation on Principles and Procedures for Health and Safety Training of Employees 
- Regulation on Health and Safety Precautions Regarding Workplace Buildings and Their 


Annexes 
- Regulation on Use of Personnel Protective Equipment in Workplaces 
- Regulation on Health and Safety Conditions Regarding Use of Work Equipments 
- Regulation on Health and Safety Regarding Temporary Works 
- Regulation on Heavy and Dangerous Works  
- Regulation on Securing Workplace Establishment Permit and Certificate of Operation 
- Personnel Protective Equipment Regulation 
- Regulation on Health and Safety Precautions Regarding Working with Chemicals 
- Regulation on Subcontractor  
- Regulation on Workplace Health and Safety Units and Common Health and Safety Units 
- Regulation for Fire Safety of Buildings 
- Regulations on the Prevention of Biological Exposure Risks 
- Regulation on the Employment of Pregnant or Lactating Women, children's care homes 


and Breastfeeding Rooms 
- Regulation on the Health and Safety Measures on the Carcinogenic and mutagenic 


substances 
- Regulation on the Procedures and Principles of the Employment of Children's and Young 


Workers 
- Regulation on Working Hours Regarding Labor Law 
-  
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Issue Relevant Guidelines and Regulations  


• EU Regulations 
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 


encourage improvements in the safety and health of workers at work 
- Council Directive 89/654/EEC of 30 November 1989 concerning the minimum safety and 


health requirements for the workplace 
- Council Directive 89/655/EEC of 30 November 1989 concerning the minimum safety and 


health requirements for the use of work equipment by workers at work (amending 
directives 95/63/EC and 2001/45/EC) 


- Council Directive 89/656/EEC of 30 November 1989 on the minimum health and safety 
requirements for the use by workers of personal protective equipment at the workplace 


- Council Directive 83/477/EEC of 19 September 1983 on the protection of workers from the 
risks related to exposure to asbestos at work 


- Council Directive 90/269/EEC of 29 May 1990 on the minimum health and safety 
requirements for the manual handling of loads where there is a risk particularly of back 
injury to workers 


- Council Directive 90/270/EEC of 29 May 1990 on the minimum safety and health 
requirements for work with display screen equipment 


- Directive 2004/37/EC of the European Parliament and of the Council of 29 April 2004 on 
the protection of workers from the risks related to exposure to carcinogens or mutagens at 
work 


- Directive 2000/54/EC of the European Parliament and of the Council of 18 September 
2000 on the protection of workers from risks related to exposure to biological agents at 
work 


- Council Directive 92/57/EEC of 24 June 1992 on the implementation of minimum safety 
and health requirements at temporary or mobile construction sites 


- Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for the 
provision of safety and/or health signs at work 


- Council Directive 92/85/EEC of 19 October 1992 on the introduction of measures to 
encourage improvements in the safety and health at work of pregnant workers and workers 
who have recently given birth or are breastfeeding 


- Directive 1999/92/EC of the European Parliament and of the Council of 16 December 1999 
on minimum requirements for improving the safety and health protection of workers 
potentially at risk from explosive atmospheres 


- Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 on 
the minimum health and safety requirements regarding the exposure of workers to the risks 
arising from physical agents (vibration) 


- Directive 2003/10/EC of the European Parliament and of the Council of 6 February 2003 
on the minimum health and safety requirements regarding the exposure of workers to the 
risks arising from physical agents (noise) 


- Directive 2004/40/EC of the European Parliament and of the Council of 29 April 2004 on 
the minimum health and safety requirements regarding the exposure of workers to the risks 
arising from physical agents (electromagnetic fields) 


- Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on the 
protection of the health and safety of workers from the risks related to chemical agents at 
work 


- Council Directive 80/1107/EEC of 27 November 1980 on the protection of workers from the 
risks related to exposure to chemical, physical and biological agents at work 


- Council Directive 88/364/EEC of 9 June 1988 on the protection of workers by the banning 
of certain specified agents and/or certain work activities 


- Council Directive 96/82/EC of 9 December 1996 on the control of major-accident hazards 
involving dangerous substances 


Other • EU Regulation 
- Council Directive of 27 June 1985 on the assessment of the effects of certain public and 


private projects on the environment. 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control. 
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1.1.4 Permitting Responsibilities 


Permitting responsibilities associated with STAR is EIA Study and Development Consent for STAR (EIA 
Regulation): EIA has been completed and the development consent has been obtained from the former 
MoEF in 2009. 


Further permitting responsibilities associated with the third party services are summarized below: 


• EIA Study and Development Consent for Petkim Port Extension for Refinery Activities (EIA 
Regulation): EIA has been completed by Petkim and the development consent has been obtained 
from the MoEU in January 2012. This EIA permit includes Jetty I and Jetty II of STAR Marine 
Terminal. For other jetties in Terminal and any project change in legally approved project, related 
EIA permits will be observed before construction. 


• EIA Study and Development Consent for Wastewater Treatment Plant (EIA Regulation): 
According to correspondance of the MoEU about EIA responsibility of new WWTP, this project 
will not need to have EIA permit in accordance with EIA Regulation; since capacity of the WWTP 
(22,000 m3/day) is below limit value of the Regulation (30.000 m3/day). 


• Approval of Wastewater Treatment Plant Project Design (Regulation on Water Pollution Control): 
Petkim is responsible for the design and approvals of WWTP. Design works are currently 
underway. 


• Risk Assessment for Petkim Port for Refinery Activities (Regulation of Implementation of the Law 
on Emergency Response and Compensations on Marine Pollution by Petroleum and Other 
Hazardous Wastes): A risk assessment study has been completed by Petkim for current port 
operations. Similar Risk Assessment study which has Oil Spill and Emergency Response Plan 
will be started one year ago of the jetties start-up to include the STAR Marine Terminal 
operations in complience with Regulation of Implementation of the Law on Emergency Response 
and Compensations on Marine Pollution by Petroleum and Other Hazardous Wastes in advance 
of operation phase. 


 


1.2 Environmental and Social Management Plan Structure 


Environmental and Social Management Plan (ESMP) for the Project will be facilitated by Project-specific 
Environmental and Social Policies including overall principles towards environment, biodiversity, labor, 
health and safety, and public health issues. The ES policies and ESMP will ensure that the Project: 


• complies with all applicable Turkish legislation as well as Equator Principles and relevant IFC 
guidelines provided in the ESIA as wells as further framework developed to date; 


• implements internationally recognized best management/industry practices and best available 
techniques to minimize potential environmental and social impacts during the construction, 
operation and closure phases; 


• complies with the commitments addressed in the ESIA to minimize the expected potential 
environmental and social impacts; 


• adheres to high standards of safety and care for the protection of the employees and public;  


• promotes its policies through training, supervision, regular reviews and consultation; 
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• maximizes the use of local and regional labor forces to the extent feasible, to maximize local socio-
economic benefits;  


• implements a stakeholder engagement program to engage the local community in the Project 
activities at all phases; and 


• supports and participates to any regionally decided protection, mitigation and monitoring plans for 
Aliağa. 


As a general principle, Project’s ESMP will benefit from the environmental and social management 
policies, procedures, and standards implemented by existing Petkim Petrochemical Complex  where 
applicable and appropriate for the Project; to be able to hold consistent corporate principles. However, 
Project-specific procedures will be employed where required. 


The objective of the ESMP that was developed at this phase is to define the initially developed practices 
that will be followed by to achieve the expected social and environmental performance as identified in the 
ESIA. The ESMP describes the initially developed mitigations that will be applied to eliminate or minimize 
potential negative impacts, enhance positive benefits and monitor activities to track performance; and the 
system to be established to implement the addressed mitigations.  


The mitigations proposed in the ESMP will be subjected to disclosure and consultation during the 2nd 
Round Public Consultation Meeting. Further development of the mitigations, especially the social 
components, might require detailed planning with contractors and stakeholders, to ensure that Project 
activities are well integrated into the existing local conditions and initiatives. That level of planning will 
mainly take place after the appraisal phase. 


The management procedures, in general, acknowledge the key elements used to implement a standard 
management system, including a breakdown of the corporate structure and responsibility chain, training 
requirements, communication and documentation control, schedule allotted to maintain the management 
plan as well as auditing, inspection and corrective and preventative action plans.  


The ESMP developed for the Project consists of the following three individual plans: 


• Environmental Management Plan ensures that all Project interactions with the physical and 
biological environment are managed effectively to minimize the Project’s residual impacts on the 
environment. This also includes opportunities to enhance environmental benefits through 
environmental programs. 


• Labor and Health & Safety Management Plan ensures that the working conditions and activities 
engaged by the employees are conducted in a way that minimizes potential sources of hazards to 
the human health and safety. 


• Social Management Plan ensures that all Project interactions with the community are managed 
effectively to minimize the Project’s residual impact on local, regional and national community as 
well as cultural heritage while maximizing the potential benefits. 


The plans are further separated into the plans for the construction, operation and closure phases of the 
Project life, including required mitigations as well as monitoring to evaluate the performance. 


The ESMP included here provides a framework for the general management issues. As the Project 
progresses, details of the ESMP will be further developed. Management plans and specific work 
instructions necessarily become increasingly detailed and technical at deeper levels within the planning 
hierarchy. A phased approach to the development of these plans is required to ensure that they are 
optimal for their purposes. An extreme example of this need concerns closure, where a progressive 
approach to plan development will ensure that up to date practices are implemented at that future time. 







 


STAR Project 
Environmental and Social Impact Assessment Report – Final 


 


 


11513150061 ESIA 12  
 


Supporting documentation is presented in Appendix 10 and 11 of the ESIA package. 


Table 1-2 summarizes the breakdown of the individual management plans in the ESMP. Specific plans 
will be developed for main discipline components and sub-components as required for the Project Site 
and each phase of development. The ESMP will ensure that management plans and specific work 
instructions are available for staff and contractors as required in advance of operations and closure.  


Table 1-2 Hierarchy of Management Plans within the ESMP 


Main Plan Discipline Main Components 


Environmental 
Management Plan 


Physical Natural Hazards 


Soils 


Water  


Air  


Noise  


Waste  


Traffic  


Biological Flora  


Fauna  


Aquatic Ecology 


Biodiversity and Protected Areas 


Labor and Health & Safety 
Management Plan 


Labor Employment - Human Resources 


Working Conditions 


Grievance 


Health & Safety  


Social Management Plan Social Socio-Economics 


Archaeology and Cultural Heritage 
 


The actions originating from the ESIA are reflected in the Environmental and Social Action Plan (ESAP). 
The ESAP for all phases of the Project is provided in Appendix 11 of the ESIA. This ESAP is not intended 
to be exhaustive list of all actions defined in the ESIA, but does include the most important ones. The 
ESAP will be provided to the EPC Contractor with the request to identify their actions as per ITB and 
contract and submit the ESAP for owner review and approval.  The ESAP will be managed by the project 
manager. The EPC Contractor will be responsible for the execution of their action items and will provide a 
close-out document before the end of the project, to verify and validate the incorporation of all their action 
items. 
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1.3 Overall Environmental and Social Management Mechanism 


During the course of the project three sets of Environmental and Social Management Plans are prepared 
specifically for : 


• Site Preperation 
• Construction (EPC phase) 
• Operation 


This document describes the main framework for the operation phase. 


1.3.1 Organisation and Responsibilities 


The efficient implementation of an HSE Management System requires a well defined organisation and 
clearly described responsibilities particularly for HSE. 


Every project party involved in the project shall define their organisation for the project for the execution 
of the HSE related activities to be in compliance with HSE requirements of the project.  


In that respect the ultimate responsibility of performing the project activities in line with Project 
Environment, Health, Safety and Social requirements lie with the project owner i.e. owner project 
management. 


The STAR project Owner organization for Health, Safety, Environment and Social is given in Figure 1-1 


 


Figure 1-1 Organisation chart for the Environmenta, Social, Health and Safety Management 


STAR Rafineri A.Ş. 


Management 


HSE Manager


Health and Safety


Health Supervisor
Safety Supervisor


Inpsectors Firefighting Team


Environment and  


Social Officer /ESO)


Community Relations 


Officer  (CRO)
Auditing Supervisor


PMC HSES Manager


PMC HSES Officer
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The Project Management 


The Owner Project Management will: 


• Provide resources the implementation of the Project Environment, Health, Safety and Social 
Management System described ; 


• Encourage the proactive involvement of all project personnel in executing the management 
program; 


• Verify that employees are aware of and understand their Environment, Health, Safety and Social 
Management System responsibilities; 


• Supervise Environment, Health, Safety and Social performance on the project. 


HSE Manager 


For the day to day implementation of the management system elements, STAR will appoint an Health, 
Safety and Environment (HSE) Manager reporting to the project management. The HSE Manager will  


• Report to the HSE Manager on the H&S performance of the site teams 


• Audit the HSE teams of the Owner at site 


• Ensure that the HSE training programme is in place 


• Establish a safety committee representing the various disciplines. The Committee will meet 
periodically, to discuss safety issues and make recommendations. The Committee shall be 
involved in site safety inspections 


• Monitor the performance of the H&S programme and initiatives introduced throughout the project 


• To liaise with the contractors  to ensure that he is involved and kept informed of all site activities, 
including work method statements and risk  


Environmental and Social Officer (ESO) 


There will be an Environmental and Social Officer (ESO) for the Project reporting to the HSE Manager  


The ESO will: 


• Supervise the implementation of overall environmental and social mitigation activities defined by 
the ESMP.  


• Be the STAR point of contact for Contractors as well as for Project stakeholders including the 
Governmental Authorities, Municipality, NGOs and the local community.  


• Provide Environmental and Social  Administrative support for the HSE Manager 


• Coordinate  and maintain the preparation of plans, procedures, work instructions etc. 


• Manage and audit the personnel under his control and ensure they have the required training. 


• To establish an inspection/audit scheme and review the results of inspections/audits and identify 
any issues and deficiencies, to be brought to the attention of the management.  


The Contractors will report to ESO all the environmental and social issues and performance related to the 
Project. 
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A Community Relations Officer (CRO)  


The CRO (reporting to the ESO), will act as an interface between STAR, contractors and the local 
community. He/she will function as a focal point for resolution of community complaints and grievances, 
and will also organize required meetings with the national/regional authorities. While implementing the 
community liaison program, he/she will organize meetings with the national and regional authorities on 
issues related with the project. STAR CRO will provide advice and support to the Contractor CRO about 
the emerging community issues. STAR CRO will record community related issues and report the activities 
of community liaison.  


Auditing Supervisor 


The Auditing supervisor will ensure the project works have been audited at routine intervals against the 
project requirements. 


The auditing supervisor will report to the ESO. 


Health and Safety Officer 


The Health and Safety Officer will; 


• Provide H&S Administrative support for the HSE Manager 


• Co-ordinate and maintain the preparation of plans, procedures, work instructions etc. 


• Manage and audit the safety personnel under his control and ensure they have the required 
training. 


• To establish an inspection/audit scheme and review the results of inspections/audits and identify 
safety issues and deficiencies, to be brought to the attention of the management.  


• Co-ordinate the investigation of any incident and identify any trends relevant to incident 
investigations  


• Perform / Update assessments of health risks 


• Prepare the Project Medical Plans and Procedures 


• Review Contractor Plans, Procedures, Work Instructions, Method Statements and Risk 
Assessments, including TSA’s 


Health Supervisor 


The Health supervisor will: 


• Review the results of inspections of the site to identify health or medical issues and deficiencies, 
and to advise the Health and Safety Officer. 


• With support of contractor Project Medical Services and appropriate subcontractors, coordinate the 
preparation of Health and Medical procedures for the site preparation phase activities 


• Supervise all health related issues in accordance with subcontractors 


• Monitor and track all personnel Health and Medical issues, associated with the Project  


Safety Supervisor 


The Safety Supervisor will: 
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• Interpret the requirements of the other H&S Plans, Procedures, Work Instructions etc. for the 
benefit of the Site Managers 


• Confirm with the Site Manager the potential severity of all Incidents, specifically Near Miss 
incidents 


• Act as a team member of all Incident Investigation committees 


• Participate in Site Audits / Inspections in conjunction with the Project Audit and Inspection 
Programme 


• Coordinate the training programme for the site safety inspectors 


• Develop, assist and conduct on-site H&S training for all levels of personnel. 


• Conduct daily H&S inspections of all worksite and storage areas associated with the site works 
programme 


• Collate all Key Performance Indicator data and transmit on a weekly basis  


• Attend toolbox talks on a regular basis  


• To participate in daily site  meetings  


Inspectors and Firefighting Team 


They will be directly report to the Safety Supervisor.  


The inspectors will be actively performing the scheduled site inspections and report the findings to the 
Safety Supervisor. 


The Firefighting team will be responsible to take the necessary actions during the fire emergency 
situations. 


Contractor Organisational Requirements 


The Contractors will report to HSE all the Environmental and Social and Health and Safety issues and 
performance related to the Project. The strategies for executing the ESMP of the STAR Aegean Refinery 
Project (ARP) for site preparation, construction and EPC phases are provided, in some detail, in 
Appendix 10-1 and Appendix 10-2. All contractors will be required to prepare their own detailed plans and 
procedures, and report to the project owner. 


1.3.2 Elements of Environmental and Social Management System  


Risk Assessment and Risk Register 


A risk assessment study will be conducted in the beginning of the construction / pre-construction works to 
prepare a detailed risk register identifying the potential environmental, health & safety and social risks 
associated with the individual work items. Working place risk sources may be grouped according to the 
works performed or activities executed, processes, materials used, work equipments, employees, and 
working environment. Risk assessment works at a working place should be conducted at the stage of 
commencing to work; in case there is a change in working place; after job accident, profession illness or 
any event; and periodically as required. There will be items identified for the operational phase. These 
items will be followed up by the project owner for completion. 


Training and Awareness 
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All personnel, including contractor’s personnel, will receive a level of environmental and social training 
appropriate to their job functions. Training will include awareness of Project policies, regulatory 
framework and conformance to the ESMP. The potential environmental impacts associated with their jobs 
will be addressed. Conformance to procedures will be emphasized. Training will be integrated with health 
and safety, spill response and emergency response programs. Basic training programs for the employees 
will include but not ne limited to the following: 


• Site security 
• Environmental protection 
• First aid 
• Firefighting 
• Occupational Health and Safety 
• Use of chemical agents 
• Waste Management/Minimisation 
• Risk assessment 


Communication of Environmental and Social Issues 


A system will be established to communicate internally and externally regarding environmental and social 
issues. The system will be capable of communication to others, to receive information, to document 
information and to respond. Lines of communication within STAR Rafineri A.Ş. and the specific 
individuals responsible for responding to the various types of inquiries will be identified. External 
communication issues are provided in Public Consultation and Disclosure Plan (PCDP). 


Document and Record Controls 


A document and record keeping procedure will be established to maintain the summary of all 
environmental and social activities and results. The records will include mitigation, monitoring and 
reporting needs, such as sampling, analytical data, incident reports, communications, etc.; and 
performance, training, communications and audits. These documents will be readily accessible for review 
and audit. 


Corrective Actions 


Procedures will be established to investigate any non-conformance with the requirements and necessary 
adjustment to correct and prevent further occurrence.  


Inspections and Audits 


A system will be established to conduct periodic audits of the environmental and social management 
plans, their effectiveness, implementation and maintenance. 


Budget 


Budgets will be established to meet the needs and requirements of the ESMP for the life of the Project. A 
refined budget will be established annually to address the tasks to achieve the requirements to address 
environmental and social management. 


Monitoring and Reporting 


Environmental and social reporting is a requirement of the IFC and will be done by STAR Rafineri A.Ş. at 
a minimum annually. An environmental and social audit will be done by a third party and a report will be 
prepared including the compliance status of the environmental and social issues against the regulatory 
framework and Project commitments and the status of the performance indicators. 


Management of Change 
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Procedures will be in place for the management of the changes in the project. Such changes will include: 


• New permitting requirements 


• Revisions in the operational processes that may create Health, Safety and Environmental hazards 
and associated risks 


• Changes in HSE critical equipment 


The purpose of these procedures will be evaluate the changes in design, process and regulatory 
requirements in terms helath, safety, environment in order to minimize the possible risks encountered 
with these changes. 


The procedure will describe in detail the system in place for the management of changes. The proposed 
system by STAR as a minimum will include: 


• The identification and definition of change 


• The evaluation of the changes in terms of technical, organizational, resource requirements. 


• The approbal of the changes with the proposed control measures in order to minimse the 
associated risks 


• The implementation of the changes 


• The control/verification/validation of the effectivity of the proposed mitigation measures. 


Supply Chain Management 


• Adverse impacts associated with supply chains will be considered where low labour cost is a 
factor in the competitiveness of the item supplied.   


• The STAR Company will specifically inquire about and address: 


• • child labour; and 


• • forced labour; in its supply chain. 


• STAR company will also include the provision of supply chain information in to supplıier and 
contarctor evalutaion system. STAR will collaborate with all contractors/supplier in the early 
stage planning nad assessments on the evaluations system.There will be agreement netween 
the contractırs/suppliers and STAR on the environmental and social obligations and standards 
and where applicable invetsing in as part of in the local capacity buildings.  


 


1.3.3 Implementation of the ESMP – the Integrated Management System  


An Integrated Management System (IMS) Manual has been prepared for the activities of the operation 
phase of the STAR project (Appendix 10 of the ESIA). The Manual has been prepared in line with the 
IMS Manual of the already operating PETKİM facility in the adjacent to the STAR project.  
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The IMS Manual is intended to describe the general framework of the Integrated Management System of 
STAR refinery and should be updated during the upcoming phases of the project to include the actual 
management system requirements associated with the operational activities of STAR refinery. 


The purpose of the IMS Manual is to provide an overview of the Integrated Management System (IMS), 
which comprises the Quality Management System (QMS), the Environmental Management System 
(EMS) and the Occupational Health and Safety Management System (OHSMS). 


The Integrated Management System (IMS) comprises all functions such as procurement, design, 
production, maintenance, quality control, sales, stock, delivery, etc., in the process from the procurement 
of inputs to the transportation of merchantable products to customers as well as the units that perform 
these functions and all merchantable and by-products produced and processes and all activities defined 
within the STAR Refinery complex. 


TS EN ISO 9001 Quality Management System, TS EN ISO 14001 Environmental Management System 
and TS 18001 Occupational Health and Safety Management System standards were taken as basis in 
developing and documenting the Integrated Management System. 


The documentation structure of the IMS is as follows: 


First Level of Documentation IMS Manual 
Laboratory Manual 


Second Level of Documentation Implementation /Plans/Programs  
Organization Manual 
Specifications 


Third Level Documentation Procedures 
Process Maps, Risk Assessment Tables 


Fourth Level Documentation Instructions, Forms,  
 


Approximately 70 different documents such as plans, programs, procedures, and instructions have been 
identified in the IMS Manual provided in Appendix 10 of the ESIA. Some of these documents are currently 
available and provided in ESIA Appendix 10. These are: 


• Risk Assessment Procedure 
• Training and Awareness Procedure 
• Energy Efficiency Procedure   
• Communication Procedure 
• Monitoring-Periodic Control Procedure 
• Waste Management Procedure 
• Grievance Procedure  
• Emergency Response Plan 
• Traffic Safety Management Procedure 
• Chance Find Procedure 


 


1.3.4 Institutional Strengthening  


The institutional strengthening needs of STAR for implementing the ESMP are addressed in the 
Integrated Management System (IMS) Manual.  


The Training and Awareness Procedure in the IMS is intended to identify, plan out and meet the 
training needs of employees in their fields of work for improved competency and work performance.   


The trainings for Occupational Health and Safety, Environment and Social Performance will be delivered 
to the employees in accordance with their job entitlements and the competency requirements. A basic 
training plan for these training requirements is presented in this Procedure. 
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This training plan will be extended and finalized during the operational phase. 
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1.4 Environmental Management Plan 


1.4.1 Environmental Mitigation and Monitoring for Operation Phase  


Proposed mitigation measures and monitoring activities regarding the potential impacts on physical and 
biological characteristics are summarized in Table 1-5 at the end of this document. 


As noted above, the actions originating from the ESIA are reflected in the Environmental and Social 
Action Plan (ESAP). The ESAP for all phases of the Project is provided in Appendix 11 of the ESIA. This 
ESAP is not intended to be exhaustive list of all actions defined in the ESIA, but does include the most 
important ones. The ESAP will be managed by the project manager. Project management team and all 
staff will be responsible for the execution of their action items and will provide a close-out document 
before the end of the project, to verify and validate the incorporation of all their action items. 


1.4.2 Related Environmental Procedures in the Integrated Management System  


An Integrated Management System (IMS) Manual has been prepared for the activities of the operation 
phase of the STAR project. The Manual has been prepared in line with the already operating PETKİM 
IMS Manual.  


The IMS Manual includes, refers to and supported by various procedures; the following procedures are 
available for the project activities. 


• The Monitoring-Periodic Control Procedure of the IMS includes monitoring and measuring 
activities associated with environmental (and occupational) health and safety in STAR. The 
objective is to control and minimize the environmental effects and health and safety risks 
generated by STAR activities and define the application method of periodical control actions 
(monitoring) to ensure continuity of activities. The procedure outlines in some detail the periodical 
controls with regard to discharge and emissions control and the analyses for wastewater and 
storm water, flue gas and hazardous wastes. 


• The Waste Management Procedure of the IMS defines waste management principles and 
responsibilities to ensure that the waste produced by the operations of STAR refinery are 
collected, stored and subjected to disposal and/or recycling operations in a controlled way 
according to the methods laid out in the legislation and regulations. The procedure covers all the 
departments where waste is produced. The procedure outlines in some detail separate collection 
of wastes, classification of wastes, storage, transport and disposal of wastes. 


• Risk Assessment Procedure of the IMS aims to determine the potential damage / effects of 
STAR’s all continuous and discontinuous activities and emergencies on environment, health, 
safety, property and prestige, to define risk values and keep them under control in a way which 
will create minimum damage / effect and / or define the application principals with regard to the 
required corrective / preventive actions for the complete elimination of those values. 


• Training And Awareness Procedure aims to increase the quality and effectiveness of training services 
delivered in STAR; identify, plan out and meet the training needs of employees in their fields of work 
for improved competency and work performance; and lay down principles used to evaluate their 
activities.    


• Energy Efficiency procedure of IMS includes the structural and organizational requirements to 
track and evaluate all energy consumptions in STAR’s working areas, and actions to correct any 
potential non-conformances, increase energy efficiency and determine responsibilities. 


• Communication procedure of the IMS lays down the required types of communication between the 
factories and the units as well as the public organisations, private organisations, clients, suppliers and 
the society for the activities to be conducted, announced, understood and adopted in a more effective 
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manner as well as for the complaints and demands to reach the relevant authorities and be assessed 
by these authorities and for increased participation of the employees in the activities.    


• Grievence Mechanism Procedure: Grievence Mechanism is not referred directly in the IMS 
manual. However a separate procedure is prepared for describing the grievence mechanism. 
STAR commits that the Project is implemented to the best satisfaction of local communities 
affected by the Project. This procedure will apply to the site preparation and construction phases 
of the project. A brief introduction of the grievance procedure is given below: 


 


In this respect, STAR establishes a local based grievance resolution mechanism that 
builds strong relations with the project managerial staff in the field and the communities. 


STAR ensures that the Grievance Procedures are in place through the entire project 
cycle from land acquisition and EIA until the end of the project life.  


Major principles of STAR grievance procedures are: 


 


� Transparency in grievance receipt and registration system 


� Accessibility with ease and practicality by community members 


� Predictability based on a clear and known procedure, with time frames for each 
stage; clarity on the types of process and outcome it can (and cannot) offer; and 
means of monitoring the implementation of any outcome, maintained through 
effective disclosure of the mechanism 


� Equitability ensuring fairness among aggrieved parties 


• The Project will employ an Emergency Response Plan (ERP) for the construction and operation 
of the Refinery that will ensure the compliance with applicable Turkish legislation, Equator 
Principles and IFC Guidelines and standards. 


The outline of PETKIM’s ERP is provided as an attachement to the ESMP. The ERP for the Project 
will be prepared following the similar structure and principles; but will further include Project-specific 
issues and concerns regarding environment, employee health and safety and public health and 
safety. PETKIM’s ERP to be Adapted for the Project’s Utilization 


• Traffic Safety Managment Procedure is also available as to describe the mechanisms to adopt 
transport safety practices across all aspects of project operations with the goal of preventing 
traffic accidents and minimizing injuries suffered by project personnel and the public. This 
procedure will apply to the site preparation and construction phases of the project. 


• Chance Find Procedure that has been produced with the following objectives (This procedure will 
apply to the site preparation and construction phases of the project.): 


o to mitigate damage and risks to identified archaeological and cultural heritage; with a 
view to supporting the conservation of cultural heritage in the context of STAR Project 


o to make sure that all project staff are aware and trained on procedures of protecting 
cultural heritage and archaeological resources prior to undertaking any activities that 
could potentially affect these resources 


o and to ensure compliance with laws and regulations related with archaeology and cultural 
heritage. 
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1.5 Social Management Plan 


1.5.1 Stakeholder Identification 


All stakeholder groups having an interest for, might be affected by, or might have an influence on the 
outcome of the Project were identified during the Local EIA and ESIA Phases. This ESIA study reviewed 
the stakeholders that have previously been identified during Local EIA, and expanded the stakeholder list 
to include additional stakeholders that are relevant during the Project life cycle. The relevant stakeholder 
groups are:  


• Governmental Authorities – National and regional governmental bodies; 
• Non-Governmental Organizations – Regional, national and international bodies; 
• Communities – Local community of Aliağa (affected settlements), and overall Turkey community; and 
• Universities and Independent Experts. 


A detailed list of the stakeholders is provided in below Table 1-3. 


Table 1-3: List of Project Stakeholders 


Stakeholder 
Group 


Stakeholder 
Category 


Stakeholder Sub-Category 
Potential Role 
in the Project 


Communities 


National 
Community 


General Population of Turkey Low 


Affected 
Settlements  


Aliağa District Center Population High 


Governmental 
Organizations 


Regional 
Governmental 
Organization 


Izmir Provincial Directorate of Health Low 


Aliağa District Directorate of Agriculture Low 


Izmir Provincial Department of Environment and Forestry Low 


Aliağa Municipality Low 


Aliağa District National Education Directorate Low 


Aliağa District Governorship High 


National 
Governmental 
Organization 


The Ministry of Environment and Forestry Low 


The Ministry of Culture and Tourism Medium 


The Ministry of Industry and Trade Medium 


The Ministry of Energy and Natural Resources Medium 


The Ministry of Health Low 


The Ministry of National Education Low 


Non-
Governmental 
Organizations 


Regional 
NGOs 


Aliağa Culture and Solidarity Association Medium 


Petrol-Is Trade Union Aliağa Branch Medium 


Aliağa Education and Development Foundation (ALGEV) Medium 


Aliağa Social Solidarity Foundation Low 


Kemalist Thoughts Association Aliağa Branch Low 


Aegean Conservation of Natural Life association   Low 


Foça Friends of Environment Association Low 


CHP Aliağa District  Organization Medium 


AKP Aliağa District Organization  Medium 


Aliağa District Center Chamber of Industry and Commerce Low 


National NGOs 


Chamber of Environmental  Engineers Medium 


The Union of Turkish Engineers and Architects (TMMOB) Medium 


TEMA Foundation Low 


DOGCEV Association Low 
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Stakeholder 
Group 


Stakeholder 
Category 


Stakeholder Sub-Category 
Potential Role 
in the Project 


Doğa Association High 


ÇEKÜL Association Low 


International 
NGOs 


Greenpeace Low 


WHO Low 


University and 
Other 
Independent 
Experts 


Universities 


Ege University Low 


Dokuz Eylül University Low 


Izmir University of Economics Low 


Izmir Institute of Technology  Low 


Scientific 
Experts 


Not Define Not Define 


 


1.5.2 Proposed Social Mitigation Measures for Operation Phase 


Proposed mitigation measures and monitoring activities regarding the potential impacts on socio-
economic characteristics and cultural resources during the operation phase are summarized in Table 1-6 
at the end of this document. 


As noted above, the actions originating from the ESIA are reflected in the Environmental and Social 
Action Plan (ESAP). The ESAP for all phases of the Project is provided in Appendix 11 of the ESIA. This 
ESAP is not intended to be exhaustive list of all actions defined in the ESIA, but does include the most 
important ones. The ESAP will be managed by the project manager. Project management team and all 
staff will be responsible for the execution of their action items and will provide a close-out document 
before the end of the project, to verify and validate the incorporation of all their action items. 


  







 


STAR Project 
Environmental and Social Impact Assessment Report – Final 


 


 


11513150061 ESIA 25  
 


1.5.3 Stakeholder Engagement Plan 


1.5.3.1 Objectives and Components 


A systematic stakeholder engagement process will be employed through the liaison activities throughout 
the Project life cycle. National, regional and local level liaison activities will involve formal meetings to 
discuss economic, environmental and social aspects of the Project and various planning issues. 


At the community level, liaison activities will focus on communication with local community to establish 
and maintain an appropriate level of relationship with the people dwelling in Aliağa. The overall objective 
of the community liaison activities are as follows:  


• Continuously informing the local community about the Project-related development activities; 
• Ensuring that the local community is informed about the hazards associated with operation 


activities of the Project;  
• Minimizing potential disputes between personnel and contractors of STAR and the local 


community; and 
• Timely and effective responding to community concerns regarding the issues such as employment 


of the local workforce reserve in the operation phase, disruption to daily life, safety issues, 
disturbances due to noise or dust, and other environmental and social issues. 


A Public Consultation and Disclosure Plan (PCDP) framework was prepared for the planning of the 
stakeholder engagement activities. The Public Consultation and Disclosure Plan (PCDP) consist of the 
following main components: 


• Public consultation during the local environmental impact assessment phase (1st Round 
Consultation); 


• Public consultation and public disclosure during the international environmental and social impact 
assessment phase (2nd Round Consultation); and 


• Public consultation and stakeholder engagement during operation phase. 


 


1.5.3.2 Roles and Responsibilities for Community Liaison Team 


This section describes the general framework under which national, regional and community level liaison 
activities will be conducted, determines the roles and responsibilities for community relations, and 
identifies stakeholders to be engaged with a schedule. 


The main responsibilities and the general characteristics of the staff responsible for community relations 
are defined in the following paragraphs. A general outline is provided at this stage; however, the exact 
roles and responsibilities of the community liaison team will be further specified once the project is 
operational. 


STAR Community Relations Officer (CRO) will act as an interface between STAR, and the 
local community. STAR CRO might be the ESO who is appointed for the overall supervision of 
the environmental and social management for the Project. He/she will function as a focal point 
for resolution of community complaints and grievances. While implementing the community 
liaison program, he/she will organize meetings with the national and regional authorities on 
issues related with the project. STAR CRO will provide advice and support to the Contractor 
CRO about the emerging community issues. STAR CRO will record community related issues 
and report the activities of community liaison.  







 


STAR Project 
Environmental and Social Impact Assessment Report – Final 


 


 


11513150061 ESIA 26  
 


Community Relations Assistants (CRAs) will preferably be employed from the local 
community. This would ensure that the assistants will already have organic relationships with 
the community. 


The Project will have a tracking system to maintain an inventory of all meetings and consultations with the 
stakeholders. 


1.5.4 Public Consultation and Disclosure Plan 


1.5.4.1 Public Consultation and Disclosure during ESIA Phase 


As noted in the above sections, during social baseline investigations, Golder carried out a quantitative as 
well as qualitative (field) socio-economic research that aimed to gather information about the local 
characteristics and to determine the expectations and perceptions of Aliağa people towards the Project. 
During the field studies, Golder Team also conducted preparatory studies for the public consultation and 
disclosure activities that would involve a plan for the consultation and disclosure during all phases of the 
Project, including ESIA, construction and operation.  
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1.5.4.2 Public Consultation and Disclosure during Operation Phase 


The main objective of the program during this phase is to maintain ongoing positive community relations 
and ensure that all interested stakeholders/parties will be kept informed on all Project activities. 


STAR Community Relations Team (CRT) will be responsible for organizing and implementing these 
relations and consultation activities. The team will use various channels to reach to the local people in 
order to encourage them to participate in the meetings, such as bulletins, announcements at the local 
newspapers and radios. STAR CRT will meet the Muhtars in Aliağa before a disclosure and engagement 
meeting, to inform them about the objectives and contents of the activities and to ensure they will support 
the consultation and engagement activities. 


The operation period will be characterized by a decrease in activity in the region, which will remain stable 
during the subsequent years of operation. Accordingly, community level consultation during the operation 
phase may be conducted on a monthly basis during the first 6 months of the operation after which the 
frequency will decrease to 4 times a year.  


The local people in Aliağa including Muhtars and the representatives of NGOs are expected to participate 
in these meetings.  


Besides, the local people will have the opportunity to obtain information about the process or to deliver 
the complaints by contacting to the STAR CRT through a dedicated telephone line during the working 
hours. Therefore, the consultation team is not only responsible for organizing and implementing the 
regular consultation activities but also informing local community about the operational activities at the 
other times.   


1.5.4.3 Consultation Method  


Table 1-4 lists the stakeholders that are to be engaged during the operation phase. The table includes 
only generic information on the objectives and method of engagement. For each stakeholder engagement 
session in a given locality, a more detailed agenda will be prepared depending on the topics that need to 
be articulated, project requirements at a given time and any impromptu issues. The agenda will identify 
the community members that will be engaged, exact timing, date, topics to be discussed etc. 







 


STAR Project 
Environmental and Social Impact Assessment Report – Final 


 


 


11513150061 ESIA 28  
 


Table 1-4 Stakeholder Consultation and Disclosure Method during Operation 


Stakeholder 
Groups 


Stakeholder Objectives Method Timing and 
Frequency 


STAR 
Contact 


Point 


Governmental 
Authorities 


Local / Provincial 
Directorates of 
Relevant Ministries 
and Administrations 


• Environment and 
Urbanization 


• Health 


• Labor and Social 
Security 


• Education 


• Civil Services 


• Legal Affairs 


• Transport 


• 8. Energy 


• Speed-up permitting 
procedures  


• Coordination of security 
issues  


• Data requirements  


• Advice on related-sector 
issues  


• Coordination on 
implementation of the 
community development 
plan 


• Meetings 


• Formal 
information 
letters 


• As and when 
required 


ESO / 
CRO 


Local 
Community 


Muhtars 


• Atatürk Mahallesi 


• Kazim Dirlik 
Mahallesi 


• Kurtuluş 
Mahallesi 


• Kültür Mahallesi 


• Mimar Sinan 
Mahallesi  


• Yalı Mahallesi 


• Inform Muhtars about the 
progress of the Project  


• Raise awareness on 
potential disturbances, 
hazards and community 
safety issues associated 
with operation activities, and 
mitigation measures taken 
by STAR 


• Manage community 
expectations through 
dialogue and participation 


• Ensure grievances (if any) 
are addressed and resolved 
to the satisfaction of both 
parties 


• Meetings  


• Formal 
information 
letters 


• CROs will 
visit Muhtars 
on a monthly 
basis 


ESO / 
CRO 


NGOs NGOs • Share best practices for 
addressing community 
issues  


• Develop co-operation for 
implementation of the social 
management plan 


• Meetings  


• E-mails 


• Workshops 


When required, 
throughout the 
operation 
period 


ESO / 
CRO 


Internal STAR 
Stakeholders 


• SOCAR 


• STAR staff 


• Contractor staff 


• Align corporate objectives 
and Project requirements 
with community needs  


• Ensure continuous 
communication and share of 
Project information among 
Project team members   


• Contribute to decision-
making in Project planning 
and execution and 
community aspects  


• Provide advice on all 
community programs and 
issue management 


• Project 
meetings 


• E-mails 


• Telephone 


Monthly or as 
required 


ESO / 
CRO 
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1.5.5 Community Complaints and Grievance Mechanism 


The objective of the Grievance Mechanism is to demonstrate responsiveness to stakeholder needs and 
facilitate a trustworthy and constructive relationship. The grievance mechanism is a procedure through 
which communities and individuals affected by the Project activities can formally communicate their 
concerns and grievances to the Project Owner and facilitate resolutions that are mutually acceptable by 
the parties, within a reasonable timeframe. 


All the Project stakeholders will be encouraged to submit written grievances to the STAR CRO and 
should be reassured that written submissions will not be used in any way to intimidate those submitting 
the complaints. STAR CRO will be the person responsible for coordination of stakeholder engagement 
activities and management of the corporate grievance procedure. CRO will not have the direct authority to 
resolve grievances, but rather will work with a team of managers to collect accurate information about a 
given issue, share it with appropriate senior management, and communicate the resolution back to the 
person submitting the grievance.  


Grievances might be submitted using two different ways during the operation phase:  


• written communication through the Muhtars to STAR CRT; and 
• written or verbal communication to STAR CRO. 


 


A grievance form will be prepared for the submission of written grievances through a letter or e-mail. The 
grievance form will include the following basic information: 


• Name of the submitting person; 
• Name of the organization and position, if relevant; 
• Address; 
• Telephone/Fax and e-mail; 
• Preferred means of response; and 
• Details of the complaint (any important details; date of the incident, location, etc.). 


Below is the process to be followed in the event of receipt of a complaint from the local community: 


• All grievances will be documented to make sure problems are accurately understood and handled 
appropriately. STAR CRT will register the received grievance and record the verbal grievances in 
writing. 


• All formal grievances will be responded with a formal reply within three weeks (15 working days). 
The formal response will provide additional information or, if appropriate, further instructions on 
proposed measures to resolve the issues. 


• Written submissions will not be used in any way to intimidate the person or organization submitting 
the complaint. 


• As a general rule, names of persons submitting a grievance will be kept confidential unless a 
grievance is made in a public meeting. Only the number of grievances and the general nature of 
complaints will be regularly reported. This information will be summarized in a grievance registry, 
but personal information will be kept private. 


• Grievances received anonymously will be treated as comments or issues and recorded, but no 
formal response will be issued. 


• While efforts will be made to resolve all grievances amicably, if a grievance cannot be resolved 
within STAR, STAR will seek to involve other external experts, neutral parties or local and regional 
authorities, as necessary. 
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• Grievances will be recorded in a grievance registry as provided in Table 1-7 at the end of this 
document. 


Monitoring and Reporting 


Reporting progress of stakeholder engagement will form part of the Community relations and social 
impact management (CRSIM) and will act as a monitoring tool to assess performance on CRSIM. This 
reporting mechanism will inform the STAR management team members of the progress made in 
implementation of the stakeholder engagement plan. The sample chart below describes reporting 
requirements for the community liaison team: 


What to Report Frequency 


Community Incidents Same day 


Community Complaints and/or disputes  Within 1 day of the complaint 


Community liaison activities carried out Weekly 


Planned community liaison activities Weekly 


Performance against targets Monthly 


Summary of meeting with local authorities Within 2 days of the meeting 
 


Public disclosure general scheme 


The overall PDCP is summarized in the following figure, which displays who is in charge of the PDCP, 
what methods are used and what objectives are to be obtained throughout the different phases of the 
Project. It is worth underlining that best results are gained if the PCDP is considered as a continuous 
information and feedback flow between the Proponent and local communities and stakeholders. Engaging 
with stakeholders from the start enables an active cultivation of relationships that can serve as “capital” 
during challenging times. In this sense incorporating suggestions and criticisms at an early stage of the 
design and of the construction phases is likely to help the Proponent to minimize conflicts and delays with 
stakeholders in later phases of the project. It is therefore important that the plan is implemented 
throughout the entire process, as a central part of the project’s life cycle, to fully exploit the positive 
outcomes it can lead to. 
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Figure 1-2 Scheme of Public disclosure and consultation plan 


 


 


  
Proponent Objective 


- Collect preliminary data and 
information,  


- Initial liaisons with 
stakeholders and 
identification of affected 
communities. 


- Inform stakeholders on the 
planned project  


- Collect bottom up insights, 
experiences and 
expectations of local 
communities from the 
project. 


- Further inform stakeholders  


- Share information collected 
and analyzed in the ESIA 


- Explain and discuss issues 
associated with the planned 
construction activities  


- Inform local stakeholder on 
the progress of the work 


- Maintain positive and 
continuous dialogue with 
local community 


- Give answer to possible 
complaints or grievances 


- Maintain positive and 
continuous dialogue with 
local community 


- Allow suggestions and 
comments from local 
communities 


- Give answer to possible 
complaints or grievances 


- Inform local stakeholder on 
the outcomes of the ESIA; 


- Incorporate possible 
suggestions and comments 
before final decisions are 
taken. 


Phase 


Baseline 
investigations and 


field research 


Local impact 
assessment phase 


(EIA) 


International 
assessment phase 


(ESIA) 


ESIA finalization 


Operation  


Construction 


Pre-construction 


Action 


- Identification of 
possible 
stakeholders; 


- Preliminary 
contacts and 
informal 
interviews 


- ESIA public 
disclosure 
meeting 


- 1st round 
consultation 


- 2nd  round 
consultation 


- Public meeting  


- Regular 
engagement 
sessions on a 
monthly or bi-
monthly basis 
with the 
community   


- Grievance 
Mechanism 


 


- Community 
consultation 
conducted on a 
monthly basis 
for the  first 6 
months and 
then 4 times a 
year.  


- STRAŞ CRT 
dedicated 
telephone line  


- Grievance 
Mechanism 


- Golder 
Associates 


- Environmental 
and Social 
Officer (ESO) 


- Golder 
Associates 


- STRAŞ 
representatives 


- Golder 
Associates 


- STRAŞ 
representatives 


- STRAŞ 
representatives 


- STRAŞ 
Community 
Relations Officer 
(CRO) 


- EPC Contractor 
CRO 


- Community 
Relations 
Assistants 
(CRA) 


- STRAŞ 
Community 
Relations Team 
(CRT) 
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1.6 Labor Issues and Health & Safety Management Plan 


The Project will employ a Labor and Health & Safety Management Plan that will ensure the compliance 
with applicable Turkish legislation, Equator Principles and IFC Guidelines and standards. 


A labor / human resources management system will be established to manage labor rights, security and 
health issues. An employee grievance mechanism will be for the project 


A health and safety management system employing site and work specific health & safety procedures 
and instructions will be established. The procedures will include but not be limited to the following issues: 


• General Health & Safety Procedures 


• Personal Protective Equipment Usage 


• Working at Height 


• Fall Protection 


• Working in Confined Space  


• Hot Works 


• Electrical Works 


• Portable Appliances 


• Lock Out Tag Out 


• Procedures Related to Working Environment and Industrial Hygiene (noise, vibration, heat, etc) 
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1.7 Emergency Response Plan 


The Project will employ an Emergency Response Plan (ERP) for the construction and operation of the 
Refinery that will ensure the compliance with applicable Turkish legislation, Equator Principles and IFC 
Guidelines and standards. 


The objective of this plan is to prevent emergency and unexpected cases that would adversely affect 
construction and operation activities of the Project and keep operations and services continuing during 
and after the emergency and unexpected cases. A detailed and organized plan, which determines the 
priorities and critical processes and observes the developments and changes, must be implemented to 
prevent possible dangers and hazards.  


Saving employees and customers’ lives will take priority in any event of natural catastrophes which are 
classified in emergency and unexpected cases. 


This guide will inform about type of accidents, impact area, accident responses, environmental harms (to 
air, soil, water, flora and fauna), impacts on natural and cultural heritage and decontamination after 
emergent cases like explosion, fire, leakage and spills. Hence, it will assist to estimate the environmental 
harms in future accidents and provide precautions to prevent. 


The Integrated Management System (IMS) Manual prepared for the activities of the operation phase of 
the STAR project is provided in Appendix 10. The IMS Manual has been prepared in line with the already 
operating PETKİM IMS Manual. The IMS Manual outlines Petkim’s Emergency Response Plan (ERP). 
The ERP for the STAR Project will be prepared following similar structure and principles; but will further 
include STAR Project-specific issues and concerns regarding environment, employee health and safety 
and public health and safety. 
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1.8 Closure Plan 


The objective of this conceptual closure plan is to briefly outline the measures and programs to be 
implemented to ensure that environmental, health and safety risks are controlled and minimized, after the 
termination of plant operations. During the closure process, STAR will implement this plan as part of their 
commitment to environmental protection.  


The plan includes various land improvement activities at the Project site as the operation activities end, 
following the completion of the project life cycle of 49 years. The principal goal of the closure plan is to 
establish the general requirements for retaining the future use of the land without environmental 
concerns. As stated in the related sections of the ESIA, the design and operations of the Refinery is 
anticipated to be accomplished in a way that optimizes movement into closure.  


The main function of the refinery will be production of oil derivatives during operations and the finished 
products will be stored in tanks at the site. Thus, a detailed site assessment will be conducted, particularly 
for the storage area, to determine any pollution levels following the termination of the plant operations and 
the need for specific remediation. However, considering the monitoring and mitigation measures to be 
carried out to reduce the risks to human health and the environment during the operation phase, it is not 
expected to have major issues at the end of life cycle.  


Reclamation activities are described below, for both the operations phase and the final closure phase. For 
the closure phase, planning is very conceptual at this time, given the long 49 year operations phase. In 
addition, it is possible that through facility improvements, the length of operations could be extended even 
further. Closer to the closure date, a detailed closure plan would be developed in terms of removal of 
facilities, site inspection and as needed clean up and site reclamation, including re-vegetation. The details 
of this plan will rely of government and wider stakeholder consultation as regards land use planning in the 
area and agreed end use objectives for the site.   


1.8.1 Rehabilitation Activities  


Progressive reclamation of areas cleared during construction but not subject to the placement of facilities 
will occur, with the goal of producing a stable vegetative cover to minimize erosion from air and water and 
to produce visual and ecological advantages. All suitable areas of the site will be re-vegetated after 
construction and assembly of the refinery is completed. Grass and decoration plants will be used in 
locations such as the office and directorate building and evergreen young plants will be used in more 
distant locations away from buildings. A landscape design will be made especially for the Project and 
species to be used in the site for landscape purposes will be determined after this work. Existing flora of 
the region will be considered in selection of plant species to be used. To minimize the potential for the 
introduction of aggressive non-native plant species, the importation of top soil or potting soil from distant 
locations will be discouraged.  Locally available soils, amended as necessary to improve fertility, will be 
used for accent plantings and small-scale restoration. 


At closure, site rehabilitation work will start right after operations finish and demolition of the buildings and 
equipment such as tanks, steam turbines and switch gears is complete. The rehabilitation work generally 
includes activities such as landscape grading and improvements. Besides these activities, drainage 
channels and ditches will be opened as needed to control the surface drainage and to prevent the 
accumulation of runoff during the rainfall events while the rehabilitation activities are carried out. The 
surface will be formed and amended in order to return the land to conditions capable of supporting 
vegetation use.  
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The rehabilitation at the project site will begin after reclamation and stabilization of the land within a 
determined landscape program. Consequently, it is planned to assure that the project site is feasible for 
vegetation planting as the reclamation activities are completed. 


Reclamation activities will be implemented based on the selection of suitable plants for the region’s 
climate and soil structure. To evaluate the effectives of the measures implemented during closure, post-
closure monitoring will be conducted. Monitoring of the closure will include the determination of the 
vegetation survival after at least one complete growth season.  


1.8.2 Impacts on Existing Water Resources  


The process water that is used for refinery operation will be discharged to the sea after the required 
treatment processes. For this reason, the closure plan does not contain measures to monitor for water 
quality, since the risk of contamination of underground and surface water is not significant.  


1.8.3 Air Quality 


The closure activities will not release any main air emissions to the atmosphere, however there is a 
possibility of emitting small amount of gas emissions as a result of demolishing some of the units. In such 
cases, proper ventilation and cleaning methods will be applied diligently. Furthermore, the then existing 
vegetation of the project site will prevent the wind erosion and the dust emissions released during such 
events. The closure will not deteriorate the air quality under these conditions. 
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Table 1-5 Proposed Mitigations and Monitoring During Operation Phase (Refer to ESAP for details) 


Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


PHYSICAL COMPONENTS 


Natural Hazards 
• Effects of seismic activity 


associated with the Project on 
the public and environment 


• Effects of flood events 
associated with the Project on 
the public and environment 
Refinery Structural 
Requirements 


 
Impacts from natural hazards will be managed through 
minimizing risk. Risk analyses will be conducted within an 
ongoing management program to control risks from all natural 
hazards. 
Seismic 
• Plant structures will be designed with respect to design 


earthquake parameters (peak ground acceleration and 
design acceleration spectrum) as determined by the 
Seismic Hazard Study 


• Earthquake loads will be addressed in piping, tank and 
vessel design.  


• Connections to rigid equipment such as tanks and 
pumps will be located in diked areas. Following an 
earthquake, equipment and piping will be inspected, and 
any leaks will be isolated. 


• Tanks will be contained in diked areas sized for 100% of 
largest single vessel in the area. 


• Pipelines are designed for shutdown of several days 
duration. 


• Plant units will be designed to shut down in safe mode, 
• An active risk management program will be implemented 


throughout the Project life cycle and appropriate 
mitigation measures will be implemented. 


 
Flood 
• Although there are minimal flood risks from storms, 


interception channels will be built to prevent surface 
water from flowing into the facilities.  


• Rain water in the facility will be controlled via in-site 
drainage systems and removed from the site.  


• In the design calculations of drainage systems, the 
highest rain ratios observed in standard times recorded 
by General Directorate of State Meteorology Studies 
Dikili Meteorological station will be used as base. 


• Provisions will be implemented according to Prime 
Ministry Circular Letter on Stream Beds and Floods 


 
Monitoring programs will be assessed 
during detailed design. 
 


 
STAR 
 


 
During pre-construction 
and design. 
 
Throghout the Project 
life cycle (risk 
management program). 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


published at Official Gazette dated September 9, 2006. 
• STAR Marine Terminal loading/unloading operations will 


be happening in coordination with Port authority. 
Communication between terminal land personnel and 
vessel personnel will ensure meteorological conditions 
are taken into account during planning for 
loading/unloading.  


• Response to possible oil spills are discussed in 
Emergency Response Plan. 


 
Soils 


• Effects of hazardous chemicals 
to be used in Refinery on soils 
due to possible leaks, tearing or 
punctures in the process units, 
storage tanks and infrastructure 
of the Refinery 


 


 
• Spills and leaks during operation can result in the 


alteration of chemical and physical properties of soil, 
which in turn can affect vegetation, groundwater quality 
and seawater quality. To minimize the possible 
contamination risk, necessary precautions and 
monitoring will be taken in the Refinery. The 
precautions to be taken are discussed in detail in 
Hydrogeology and Groundwater below. 


• Should any soils be suspected as being contaminated 
during construction or operations, then soil samples will 
be collected and analyzed to see if a corrective action is 
required or not. 


 


  
STAR 
 


 
During pre-construction 
and design. 
 
Throghout the Project 
life cycle (risk 
management program, 
maintenance program). 


Hydrogeology and Groundwater 
• Effects of possible leakages and 


seepages caused by Refinery 
activities on hydrogeology and 
groundwater quality 


 


 
• Product storage tanks will be made of steel and have a 


double floor. Between the two floors there will be air 
spaces.  


• Alarms system will be built for any leaks either on the 
first or the second floor.  


• In order to prevent corrosion which causes leaks, tanks’ 
outer surfaces will be painted  


• The inner surfaces of the tanks (1.5 meters high) will be 
coated with epoxy topping and protected from corrosion.  
 


• Tanks will be located singly or in groups of four at the 
tank farm areas.  


• Tanks will be placed on a compacted soil to prevent land 
subsidence and tank material deformation because of 
the weight of the chemicals inside the tank.  


• The compacted soil will be covered with Geo-textile filter 
(Geolon PP40 or equivalent), 20-cm granular layer will 
be laid on the filter and a thin sand layer will be laid over 


 
 


 
STAR 
 


 
During pre-construction 
and design. 
 
Throghout the Project 
life cycle (risk 
management program, 
maintenance program). 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


the granular layer. A 2-mm thick elastic membrane 
(HDPE) will be interlaid to the sand layer and the sand 
layer will be covered by asphalt.  


•  Tank areas where bigger tanks located will be paved.   
• Any spilled chemicals will be collected by drainage 


channels to be constructed around this concrete circle 
and transmitted to manholes. Collected chemicals will be 
conveyed to the waste water treatment facility through 
infrastructure system.  
 


• Tank groups and single tanks will be surrounded by 
dikes to keep the chemicals and prevent further 
contamination.  


• The volume of the dikes will not be less than the volume 
of the biggest tank in the dikes. 


Hydrology and Surface Water 
Quality 
 
There is no freshwater surface water 
body in the area and the few 
potential drainage lines are already 
linked to Petkim’s water 
management ditches. No impacts 
will be generated by the Project on 
surface waters. 
 
Water will be supplied by Petkim 
from Güzelhisar Dam as a third party 
service. Güzelhisar Dam is over 10 
km location to the Project Site. 
Petkim is in the position to to supply 
the operational water demand of the 
Project through its water allocation 
at Guzelhisar Dam. Therefore, no 
associated cumulative impacts were 
identified. 
 
See Sea Water Quality for potential 
impacts to the marine environment. 
 


    


Sea Water Quality 
 
Impacts on sea water quality will be 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


only during construction due to (i) 
construction camp effluent 
discharges and (ii) potential increase 
in erosion due to land disturbance 
until reclamation and re--vegetation 
activities. 
 
No impacts will be generated by the 
Project on sea water quality during 
operation phase. 
 
Physical-Chemical Properties of 
Marine Water 


• Effects of the Project on 
seawater due to increased ship 
traffic at operational phase 
which could enhance pollutants 
and turbidity level with possible 
effects on other biological 
components. 


 
Due to the non-conservative nature 
of seawater (dynamic component 
differently than seabed) any impact 
will be diluted along time and space 
with natural flow of waters with a 
negative gradient far away the port 
area and a relative reversibility. 
Direct influence on temperature, 
salinity and density parameters can 
be considered negligible. 
 


 
 


 
No monitoring suggested for operation 
phase. 
 
(Water seasonal monitoring with 
respect to suspended solids, floatable 
oil and grease, transparency, 
suspended solids and/or turbidity in 
areas of excavation stockpiles during 
the construction activities is 
suggested, taking remedial action if 
necessary.  
These were suggested considering 
dredging activities would take place 
during construction of STAR Marine 
Terminal. However, the current Project 
design does not require dredging 
during the construction of the Jetties.) 
 


  


Marine Seafloor 
 
This section was prepared 
considering dredging activities would 
take place during construction of 
STAR Marine Terminal. However, 
the current Project design does not 
require dredging during the 
construction of the Jetties. 
 


 
 


   


Coastal Geomorphology and     
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


Marine Currents 
 
This section was prepared 
considering dredging activities would 
take place during construction of 
STAR Marine Terminal. However, 
the current Project design does not 
require dredging during the 
construction of the Jetties. 
 
Air Quality 
 
Effects of the Project on ambient air 
quality during operations due to: 


• The expected stack (point) 
emissions during the operation 
of the Refinery which are sulfur 
oxides (SOx) arising from 
burning of natural gas and from 
processing of crude oil having 
sulfur content; nitrogen oxides 
(NOx), carbon dioxide (CO2), 
some amount of carbon 
monoxide (CO) arising from 
burning of natural gas, and 
other organic dust and vapor 
emissions. 


• The expected non-stack 
(fugitive) emissions which are 
volatile organic compounds 
(VOCs) from crude oil and 
product storage tanks, filling 
arms, fittings, etc. 


 


 
The overall emission reduction technologies and measures to 
be employed by the Project as described below: 
 
SOx Reduction – Fuel Utilization in the Refinery Process 
The Refinery furnaces will utilize natural gas and sulfur (H2S) 
treated refinery fuel gas for reduction of fuel based SOx 
emissions. For sulfur treatment of the refinery fuel gas, an 
Amin Regeneration Unit (ARU), a conventional Sulfur 
Recovery Unit (SRU) and a Tail Gas Treatment Unit (TGTU) 
will be installed. It is estimated that the sulfur emissions will be 
reduced to one twentieth with the addition of these units. 
• Amine Regeneration Unit (ARU): H2S in the refinery fuel 


gas must be separated for the use of the treated refinery 
fuel gas in the refinery furnaces and for elementary sulfur 
recovery in SRU. This is typically ensured by dissolving 
H2S in a chemical solvent (absorption). In general, 
amines are used as solvents. As a result of the amine 
treatment, the fuel gas treated from H2S is used as fuel 
in the process furnaces. The amine – H2S solution is 
heated and H2S absorbed by amine is separated by 
water steam. 


• Sulfur Recovery Unit (SRU): The gas with H2S content 
coming from amine treatment unit and waste water 
separation units is processed by Claus process in SRU 
and most of H2S (96%) is converted to elementary 
sulfur.  


• Tail Gas Treatment Unit (TGTU): Remaining part of the 
H2S is converted to elementary sulfur in TGTU to reach 
99.9% conversion. 


 
NOx Reduction 
For reduction of crude oil based NOx emissions, low NOx 


 
• In line with the requirements for 


Continuous Emission 
Measurement (CEM) in Turkish 
Regulation on Industrial Pollution 
Control – Annex 3 d), the 
Refinery stacks will be equipped 
with CEM devices for all the 
parameters. An on-line 
connection will be established to 
the Provincial Directorate of 
Environment and Urbanization 
for monitoring. 
 


• In addition, one or two on-site 
measurement devices will be 
located within the Refinery Area 
for monitoring the ambient air 
quality. 
 


• As the present air quality in 
Aliağa region is affected by a 
number of existing industrial 
facilities and is at critical levels, 
regional monitoring and 
mitigation measures should be 
jointly employed by the 
industries, as required by the 
Governmental Authorities and 
recommended by Aliağa 
Regional Environmental Baseline 
and Assimilative Capacity 
Determination Project. STAR 


 
STAR 
 
Governmental 
Authorities and 
industrial 
stakeholders – 
regional studies. 
 


 
Continuous throughout 
operations – 
Continuous Emission 
Measurement (CEM). 
 
Periodic during 
operations – onsite 
measurement of 
ambinent air quality. 
 
As and when required, 
during operations – 
Regional studies. 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


burners will be utilized in the furnaces. 
 
CO Reduction 
Hybrid type burners will be utilized and 3% oxygen utilization 
will be provided for a complete combustion and for reduction of 
CO emissions. 
 
Gas Flaring Control Techniques 
• Use of efficient flare tips, and optimization of the size and 


number of burning nozzles; 
• Maximizing flare combustion efficiency by controlling and 


optimizing flare fuel / air / steam flow rates to ensure the 
correct ratio of assist stream to flare stream; 


• Minimizing flaring from purges and pilots, without 
compromising safety, through measures including 
installation of purge gas reduction devices, flare gas 
recovery units, inert purge gas, soft seat valve 
technology where appropriate, and installation of 
conservation pilots; 


• Minimizing risk of pilot blow-out by ensuring sufficient exit 
velocity and providing wind guards; 


• Use of a reliable pilot ignition system; 
• Installation of high integrity instrument pressure 


protection systems, where appropriate, to reduce over 
pressure events and avoid or reduce flaring situations; 


• Installation of knock-out drums to prevent condensate 
emissions, where appropriate; 


• Minimizing liquid carry-over and entrainment in the gas 
flare stream with a suitable liquid separation system; 


• Minimizing flame lift off and / or flame lick; 
• Operating flare to control odor and visible smoke 


emissions (no visible black smoke); 
• Locating flare at a safe distance from local communities 


and the workforce including workforce accommodation 
units (the closest settlement is at 2.5 km and the two 
flares are located at the outer locations of the Project 
Site to save workforce); 


• Implementation of burner maintenance and replacement 
programs to ensure continuous maximum flare efficiency;  


• Incineration of gas at high temperature (approximately 
800 °C) to ensure complete destruction of minor 
components (e.g. H2S, aldehydes, organic acids and 
phenolic components) and minimize emissions and odor 


Project will be a part of these 
monitoring studies and 
mitigations. 
 


• A main potential impact of the 
present air quality and the 
Project might be on vegetation 
and natural forests, particularly at 
Bozköy Area, due to SO2 and 
NO2 emissions. Although the 
incremental change due to the 
Project is small, the air quality 
will be periodically monitored by 
the Refinery at the area or any 
regional study will be supported. 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


impacts; and 
• Metering the flare gas. 
 
VOC Emission Reducing Techniques 
Vapour Recovery Unit (VRU) will be installed for the treatment 
of volatile organic compound emissions generated by ship 
loading in STAR Refinery. During loading, vapours are 
typically displaced inside the cargo ships and they are 
collected via vapour collection system header to the VRU.  
 
The exhaust vapour stream vent to atmosphere from VRU 
shall meet the volatile organic compound (VOC) emission 
limits 10 g/Nm3 as per European Directive 94/63/EC. 
 
In addition; 
• Fixed roof tanks will be coated with light-colored paints 


that reflect the solar radiation energy by 70% in short 
term and at least 50% in long term to minimize thermal 
heating; 


• Light liquid products such as naphtha, reformate, etc. will 
be stored in internal floating roof - external fixed roof 
tanks; and the floating roof tanks will be installed with 
double seal system; 


• Sampling containers and level gauges in the tanks will be 
capped and be closed, and an automatic sampling 
system with closed cycle drain system will be installed; 


• Measures, such feed back to tanks etc., will be taken for 
the reduction of fugitive emissions released from the 
filling arms; 


• Pressure safety diaphragm valves will be utilized instead 
of conventional gasket valves; 


• Outlets of pressure safety valves will be connected to the 
closed cycle vent systems (flare header) and the gases 
wasted through the system in an uncontrolled way will be 
directed to the fuel gas system through net gas recovery 
system in the flares; 


• For the limited number of pressure control valves that are 
open to the atmosphere, valves with tearing disks will be 
utilized instead of conventional valves; 


• Double mechanical seals will be used instead of gaskets 
for leak prevention at pumps; 


• Pump vent lines will be connected to the closed cycle 
gas collection system; 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


• Labyrinth type sealing system or double sealing will be 
used for leak prevention at compressors; 


• Quarter-turn radial jacketed plunge valves will be used 
instead of breaker valves such as gate or global valves in 
the critical services and gas services; 


• The flanged connections will be minimized and high 
quality fittings will be utilized in the critical services; 


• All open-ended vents or drains will be covered with caps 
or plugs; 


• Bottom loading system will be installed for tanker 
loading.  


• In addition to the API and NFPA Codes and Standards, 
relevant Turkish Standards will also be followed for the 
studies of plant technologies and emission reduction. 


• Fugitive gas control systems will be installed within the 
Refinery against flammable gas and toxic gas emissions. 
These systems will be continuously checked by the 
environment, health and safety department and will be 
connected to audio and visual alarm systems. The 
Refinery area will be monitored by closed camera system 
for possible leakages. 


 
Noise and Vibration 


• Noise effects of the Project on 
the local receptors during 
operation due to some process 
units in the Refinery that will 
routinely and continuously 
operate and generate noise. 


 


 
Worker Health 
• The provisions of the Regulation on Assessment and 


Management of Ambient Noise and Regulations on Work 
Health and Safety will be followed with the purpose of 
protecting health of employees with respect to noise.  


• Appropriate personal protective materials such as 
helmet, ear protector or ear plug will be given to protect 
workers from noise.  


• Maintenance of the equipment will be made regularly to 
ensure high noise levels are minimized. 


 
Ambient Noise 
Following methods will be applied to reduce the potential noise 
effects during the Project operations:  
• Designing main substation in a way to decrease noise 


generation; 
• Fuel gas measurement and control systems having low 


noise; 
• Entry and exit mufflers to cooler fans; 
• Auxiliary engine, pump, compressor and valves having 


 
• Regular in-door and outdoor 


noise monitoring will be 
conducted at the Project Site.  
 


• Noise monitoring is not required 
at the Petkim lodgments, unless 
complaints are received. 


 


 
STAR 
 


 
Periodic during 
operations – in-door 
and outdoor 
measurement of noise. 
 
If and when complaints 
are received, during 
operations – at Petkim 
lodgments. 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


low noise; 
• Limiting trucks transportation only within daylight hours;  
• Topsoil salvage areas will as possible be located to aid in 


providing sound barriers; and  
• Trees will also be planted around the Project Site to 


establish a sound barrier. 
 


Traffic 
• Effects of truck transportation 


and marine traffic on traffic flow. 
• Effects of truck transportation 


on noise level. 
• Effects of truck transportation 


on air pollution. 
 


 
Main mitigations for traffic will include: 
• Scheduling of traffic to avoid peak hours on local roads; 
• Adopting best transport safety practices with the goal of 


preventing traffic accidents and minimizing injuries 
suffered by project personnel and the public; 


• Emphasizing safety aspects among project drivers; 
specifically ensure drivers respect speed limits through 
built areas and urban centers; 


• Ensure contractors regularly maintain vehicles to 
minimize potentially serious accidents caused by for 
example, brake failure commonly associated with loaded 
construction trucks. 


 
Mitigations for noise and vibration caused by Project traffic 
include: 
• Scheduling Project traffic for daylight hours, where 


possible, to minimize sleep disturbance by increased 
noise events (this has been assumed in the analysis); 


• Scheduling large vehicle (trucks and buses) trips as 
convoys to reduce the number of times per day a 
disturbance may occur, if this option is preferred by noise 
receivers; and 


• Maintaining vehicles in good condition to ensure they are 
no louder than other, similar vehicles on the roadways. 


 
Mitigations for air quality include: 
• Using closed injection systems and low level volatility of 


diesel fuel to prevent vaporization losses; 
• Minimizing dust from open area sources by using control 


measures such as installing enclosures and covers, and 
increasing the moisture content; 


• In addition, the exhaust gas emissions arising from the 
engine land vehicles in traffic shall be complied with the 
Regulation on Control of Exhaust Gas Emissions Arising 
from the Engine Land Vehicles. 


 
• Driver education will be 


monitored to ensure it takes 
place, especially during 
construction and including for 
contractors. 


• Incidents and accidents will be 
investigated and lessons learned 
used as necessary to improve 
traffic mitigations.  


• Any traffic comments received 
during ongoing consultations or 
from grievances received will be 
considered and as necessary 
used to improve traffic 
mitigations. 
 


• Feedback will be sought from 
local stakeholders during 
construction as regards any 
perceived changes in noise 
impacts linked to heavy traffic. 


• Should complaints be received 
during consultation or from 
grievance mechanism, noise 
monitoring would take place, to 
clarify levels of impact and to see 
the role of Project traffic in that 
impact. 
 


• Monitoring will be linked to 
consultation for potential air 
quality issues raised by local 
stakeholders. 


 
 


 
STAR 
 


 
Continous during 
operations – 
scheduling, best 
practices. 
 
As and when required – 
to respond to 
comments and 
grievances. 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


 
Waste Management 
 


Procedures for waste management are provided in the 
Integrated Management System (IMS) Manual.  
 


   


Hydrocarbons and Chemicals 
Management 
 


Procedures for chemicals management  are to provided as an 
attachment to the Integrated Management System (IMS) 
Manual. 
 


   


BIOLOGICAL COMPONENTS 


Terrestrial Flora 
• Effects of clearing (during 


construction) for the Project on 
existing plant communities. 


• Effects of Project air emissions 
on existing plant communities. 


• Effects of the Project on rare, 
endangered and endemic 
species, if any identified. 


 


 
Mitigation at closure: 
• Given that closure will not occur for at least half a century 


and that the area is designated for ongoing industrial 
use, it is not useful to comment in any detail on 
reclamation activities at closure. Such planning would 
occur closer to the closure period once closure 
objectives are decided. 


• However, progressive reclamation of areas cleared 
during construction but not subject to the placement of 
facilities will occur, with the goal of producing a stable 
vegetative cover to minimize erosion from air and water 
and to produce visual and ecological advantages. All 
suitable areas of the site will be re-vegetated after 
construction and assembly of the refinery is completed. 
Grass and decoration plants will be used in locations 
such as the office and directorate building and evergreen 
young plants will be used in more distant locations away 
from buildings. A landscape design will be made 
especially for the Project and species to be used in the 
site for landscape purposes will be determined after this 
work. Existing flora of the region will be considered in 
selection of plant species to be used. To minimize the 
potential for the introduction of aggressive non-native 
plant species, the importation of top soil or potting soil 
from distant locations will be discouraged. Locally 
available soils, amended as necessary to improve 
fertility, will be used for accent plantings and small-scale 
restoration. 
 


Other: 
• STAR will plan to plant new trees in Haydar Aliyev Forest 


in Yeni Foça. 


 
Clearing: 
• No monitoring with respect to 


vegetation is required during 
operations. 


• Monitoring at closure to be 
decided once reclamation 
planning and closure objectives 
are decided. 


 
Existing plant communities: 
• The human health air quality 


monitoring program will be 
expanded to include sensitive 
ecological receptor sites in the 
Aliağa region, with emphasis on 
those parameters predicted to be 
closest to guidance limits.  


• STAR will promote and 
contribute to a regional air quality 
monitoring program with 
reference to airborne emissions 
from its Project plus those of 
Petkim and other existing 
industrial projects in the Aliağa 
area.  


• A regional approach is required, 
so as to adequately monitor 
regional effects. The forest area 
south of the Project, where 
additional monitoring took place 
in 2010, will be included in the 
program and cover NO2 and 


 
STAR 
 
Governmental 
Authorities and 
industrial 
stakeholders – 
regional air 
quality studies. 
 


 
Close to closure once 
reclamation planning 
and closure objectives 
are decided, and at 
closure. 
 
As and when required, 
during operations – 
Regional air quality 
studies. 
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


 SO2. The plan for this program 
will be subject to consultation 
with industrial stakeholders and 
local communities. 


 
Terrestrial Fauna 


• Effects of clearing (during 
construction) for the Project on 
fauna habitat. 


• Effects of the Project on rare, 
endangered and endemic 
species, if any identified. 


 


 
• Requirements provided for in the former Ministry of 


Environment and Forestry Central Hunting Commission 
decisions and Bern Convention will be followed during 
operation phase of the Project. 


• No additional mitigation measures are required for 
terrestrial fauna. All mitigations to minimize impacts to 
natural vegetation (described in the Flora section above) 
will also help protect any fauna present, by protecting 
fauna habitat. 


 


 
No additional monitoring is required for 
terrestrial fauna during operations. 
 


 
STAR 
 


 
During operation – for 
Central Hunting 
Commission decisions 
and Bern Convention 
requirements. 
 


Marine Flora and Fauna 
• Effects of the Project on existing 


species due to potential 
introduction of invasive weedy 
species through ships. 


• Effects of the Project on rare, 
endangered and endemic 
species, if any identified. 


 


 
Mitigation during operation: 
• It is suggested a guide is developed for checking and 


managing ballast water in order to mitigate the transfer of 
harmful and pathogenic organisms and alien species.  


• The recommended measures are:  
o exchanging ballast water out at sea;  
o regularly cleaning the ballast tanks to eliminate 


the sediment and mud that can accumulate 
there;  


o discharge on land where treatment facilities 
exist. 


 
Mitigation at closure: 
• Given that closure will not occur for at least 30 years and 


that the area is designated for ongoing industrial use, it is 
not useful to comment in any detail on reclamation 
activities closure. Such planning would occur close to the 
closure period once closure objectives are decided. 


 


 
Monitoring with respect to marine 
assemblages and posidonia’s status is 
suggested, taking remedial action if 
necessary: 
• Any accidental discharges will be 


reported through an incident 
reporting system, and the 
response actions taken for facing 
the contingency will be reported, 
thus providing sea bed/water 
contamination monitoring and 
control.  


• Two stations located within the 
posidonia (P. oceanica) 
meadows, detected in the 
northern sector of the potential 
impact area on hard beds, 
should be monitored ante 
operam, applying phonological, 
lepidochronological and balisage 
methods. The monitoring 
frequency during the operation 
phase is suggested to be annual 
during the first 2 years. 


 


 
STAR 
 


 
Continuous during 
operations – 
incident/accident 
reporting. 
 
Annual in the first 
2years of operation – 
posidonia monitoring. 
 
 


Biodiversity and Protected Areas     
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Issue / Environmental Impact Proposed Mitigation Monitoring Responsible 
Party 


Schedule / Target 
Completion Date 


(Freshwater) 
 
The location of the Project in an 
industrial are means that no 
additional biodiversity impacts are 
predicted based on fragmentation of 
natural habitats at the landscape 
level. 
 


Mitigation and monitoring will not be required for potential 
Project impacts on protected areas. 
 


Marine Habitats and Biodiversity 
• Effects of the Project on existing 


marine habitats due to potential 
introduction of invasive weedy 
species through ships.  


• Potential effects of the Project 
on marine biodiversity. 


 


 
The mitigation measures given in Marine Flora and Fauna 
above are applicable. 
 


 
The monitoring activities given in 
Marine Flora and Fauna above are 
applicable. 
 


 
STAR 
 


 
The monitoring 
frequency given in 
Marine Flora and 
Fauna above is 
applicable. 
 


Marine and Coastal Protected 
Areas 
 
The location of the Project in an 
industrial area at a distance of at 
least 15 km from marine and coastal 
protected areas means that no 
additional biodiversity impacts are 
predicted based on fragmentation of 
natural habitats. 
 


 
Mitigation and monitoring will not be required for potential 
Project impacts on marine and coastal protected areas. 
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Table 1-6 Proposed Socio-Economic Mitigations and Monitoring during Operation Phase 


Issue / Social 
Impact  


Proposed Mitigation Responsible 
Party 


Schedule / Target 
Completion Date 


Effects of additional 
population due to 
the employment 
during project 
operation on the 
local community 
and existing 
resources 


• STAR is planning to employ the reserve workforce in Aliağa in the first place and then employ the people from other 
parts of Turkey. 


• For the permanent employees during the operation phase of the Project, part of Petkim lodgments will be utilized. 
Remaining employees will stay in the Town. Potential location for these employees will be decided through the 
consultation with the Municipality and District Governorate.  


• The vocational school that will be constructed by SOCAR will meet the needs for the technical educational services at 
high school level.  


• Other infrastructure requirements will be provided through the consultation with the Municipality and the District 
Governorate.  


• An explicit grievance mechanism will be developed for the Project, as described in the Public Consultation and 
Disclosure Plan (PCDP) to invite feedback related to unpredicted community impacts. The results of the grievance 
mechanism will be regularly reported. 


STAR During operation 


Effects of the 
Project through 
new employment 
opportunities 


• Development of a Human Resources policy that includes the following key elements: 
o Entitlement to and payment of wages; permissible wage deductions; 
o Overtime payments; hours of work and any legal maximums; 
o Entitlement to leave for holidays, vacation, illness, and maternity and other reasons; 
o Entitlement to benefits;  
o The employees’ right to form and join workers’ organizations; 
o Disciplinary and termination procedures and rights; 
o Conditions of work; 
o Occupational safety, hygiene and emergency preparedness; 
o Promotion requirements and procedures; 


• Ensuring all employees have clear documentation of their working relationship to the owner; 


• Developing clear statements to highlight a commitment to non-discrimination and equal opportunity, as well as similar 
statements that forbid any form of child or forced labor, which may mean developing specific references to national 
legislation; 


• Developing an internal worker’s grievance mechanism, which complements the grievance mechanism for external 
actors; 


• Documenting efforts to explain to all suppliers and non-employee workers that the key elements of ILO and IFC best 
practice also are relevant for non-employee workers; and 


• Documenting efforts to explain to suppliers that they must conform to international guidelines related to child and 
forced labor. 


• STAR 


•  


• Suppliers 


During operation 
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Table 1-7 Complaint Management and Grievance Registry 


Date of 
Record 


Aggrieved 
Person(s) 


Source of 
Grievance 


Grievance 
Details 


Redress 
Approach/Action 


Internal 
Action Party 


External 
Action Party 


Status Monitoring Close out 
Date 
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PURPOSE 


This document identifies and presents in some detail the strategies for 
executing the Environmental & Social Management Plan on the STAR 
Aegean Refinery Project (ARP) that are common to office, 
engineering, and Site Services. 


SCOPE 


This document includes references to practices and procedures that 
will assist in the Continuous Improvement Programme to achieve 
World Class Health, Safety, Environmental and Security performance.  


APPLICATION 


This document applies to Owner, PMC, Contractor and all APR 
employees. 


DEFINITIONS 


None 
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1.0 INTRODUCTION 


1.1 Objectives    


The Environmental and Social Management Plan (ESMP) for the Aegean Refinery 
Project (ARP) will be facilitated by Project-specific Environmental and Social Policies 
including overall principles towards environment, biodiversity, labor, health and 
safety, and public health issues. The HSES policies and ESMP will ensure that the 
Project: 


• complies with all applicable Turkish legislation as well as Equator Principles and 
relevant IFC guidelines; 


• implements internationally recognized best management/industry practices and 
best available techniques to minimize potential environmental and social impacts 
during the construction, operation and closure phases; 


• complies with the commitments addressed in the ESIA to minimize the expected 
potential environmental and social impacts; 


• adheres to high standards of safety and care for the protection of the employees 
and public; 


• promotes its policies through training, supervision, regular reviews and 
consultation; 


• maximizes the use of local and regional labor forces to the extent feasible, to 
maximize local socioeconomic benefits; 


• implements a stakeholder engagement program to engage the local community 
in the Project activities at all phases; and 


• supports and participates to any regionally decided protection, mitigation and 
monitoring plans for Aliağa. 


1.2 Project Description  


STAR Rafineri A.S. aims to construct and operate a refinery, which has the capacity 
of processing 10 million tons crude oil per year, in Aliağa County of İzmir Province, 
within the scope of Aegean Refinery Project (ARP). 


The plant to be constructed is a high-standard energy transformation refinery 
generating petrochemical raw materials and automotive fuel. For this purpose, it is 
planned to establish a configuration, which is flexible enough to process various 
kinds of oils including Ural, Iranian Heavy, Azeri Light and Kirkuk crude oils. 


Main products to be generated at the refinery primarily comprise light and heavy 
naphtha that would meet the crude oil needs of Petkim and LPG, jet fuel/kerosene, 
ultra low sulphur diesel (ULSD) and sulphur that would be introduced to both national 
and international markets. Petkim’s existing storage, transportation, energy and port 
facilities, and liquid and solid waste disposal facilities will be used to provide service 
and support for the refinery and capacity of these facilities will be increased when 
necessary. 


Having supplied intermediate materials for Turkish industry as a strategic and the 
unique petrochemical plant of Turkey, Petkim’s raw material needs will be met in an 
economic and safe way by this project; moreover, high-quality fuel oil and other 
petroleum products will be supplied to all parts of the country, notably to the regions 
neighbouring on the project site.  Another main purpose of the project is fuel oil 
products export by sea. 
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The project site, which is designed to be located in İzmir province, Aliağa County, 
Arapçiftliği site, remains in the existing facilities of Petkim Aliağa. The area of land 
containing the project site is private-registered land of Petkim; and the said project 
site has been let out to STAR Rafineri A.S. for a tenure of 49 years with the aim of 
maintaining the continuity of Petkim’s production, removing foreign-source 
dependency in raw material provision and ensuring raw material reliability in this way, 
benefiting from a large number of synergies to be created by refinery-petrochemical 
plant integration, establishing a petroleum refinery within the frame of sustainability 
strategy and constructing auxiliary plants, tanks and lines that might be necessary for 
the said refinery. 


Designated project site is located on an area of 1.375.000 square meters northwest 
of Petkim Aliağa facilities.  The site is surrounded by Turkish Petroleum Refineries 
Corporation (TÜPRAS) Aliağa facilities in the north, a land belonging to Petkim in the 
west, supplementary lands for further expansion in the south. Petkim Port is also 
located in the south of project site. 


1.3 Health, Safety and Environmental Management 


The Client’s intention during project construction is to achieve a World Class HSES 
performance. To realize this aim, ARP personnel will work as a team and address 
HSES areas of concern in a positive manner, recognize any shortcomings and assist 
individuals in raising the standards of HSES. 


HSES will be led by senior line management with clearly established HSES 
objectives and will target and encourage a team approach of regular feedback and 
interaction with the workforce. Work procedures will adopt a practical approach, but 
no lowering of standards will be acceptable and the teams will be dedicated to 
continuous improvement, and reinforced by comprehensive HSES training programs. 
Additionally, Client will cooperate with the Ministry of Labor’s Work Inspector on 
health and safety inspections and adhere to other HSES provisions mandated by the 
Labor Law.  


HSES performance will be monitored by audit and inspection programs, behavioral 
based HSES observations and the use of proactive performance indicators. The 
target for the Total Recordable Case Frequency (TRCF) during construction will be 
less than 0.25 with zero lost time incidents. 


The environmental requirements (organizational capacity, training, ongoing 
community engagement, and monitoring) for ARP will be captured in the individual 
Environmental Management Plans (EMPs) compiled by the Site preparation and Site 
Preparation contractors respectively. These EMPs will fully comply with International 
Finance Commission Performance Standard 1 Guidance Notes, and will be 
consistent with this EMP.  Each contractor will be responsible for compliance with the 
mitigation, monitoring and reporting requirements associated with the impacts related 
to each plant in the complex.  Client will have overall responsibility for compliance 
with this ESMP through oversight of the individual contractors to ensure that the 
actions identified in the Environmental and Social Action Plan are completed during 
construction, and that proper documentation of monitoring and compliance 
requirements are met.  Client will maintain overall control in dissemination of 
information to affected communities, regulatory agencies and lenders, including 
monitoring reports, audits, reviews, and periodic assessments of the effectiveness of 
the management program. 


Client line management will be trained in all aspects of the HSES process, and they 
will endeavor to ensure that new program introductions will be made to all employee 
levels.  This approach will gain critical team ‘buy-in’ to the program and encourage 
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ongoing observation and feedback. Participation will exist on five potential levels – 
project-wide, contractor, supervisor, work team, and individual – with everyone 
committed to continuous improvement. 


Orientation/Induction training and awareness courses will be actively encouraged. 
Site Preparation and Site Preparation contractors will provide training in fundamental 
environmental and social topics, including, but not limited to, air and water quality, 
waste management, hazardous materials management and health and welfare. 
Furthermore, the environmental design basis will adhere to the laws and regulations 
of Turkey, Equator Principles, Client, and IFC Guidelines.  Site work will comply with 
all current Turkish laws and regulations regarding health, safety, security, and 
industrial hygiene. 
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2.0 ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN 


The Environmental and Social Management Plan (ESMP) developed for the Aegean 
Refinery Project consists of the following three individual plans: 


Environmental Management Plan ensures that all Project interactions with the 
physical and biological environment are managed effectively to minimize the 
Project’s residual impacts on the environment. This also includes opportunities to 
enhance environmental benefits through environmental programs. 


Labor and Health & Safety Management Plan ensures that the working conditions 
and activities engaged by the employees are conducted in a way that minimizes 
potential sources of hazards to the human health and safety. 


Social Management Plan ensures that all Project interactions with the community 
are managed effectively to minimize the Project’s residual impact on local, 
regional and national community as well as cultural heritage while maximizing the 
potential benefits. 


The plans are further separated into the plans for the construction, operation and 
closure phases of the Project life, including required mitigations as well as monitoring 
to evaluate the performance. 


The ESMP included here provides a framework for the general management issues. 
As the Project progresses, details of the ESMP will be further developed. 
Management plans and specific work instructions necessarily become increasingly 
detailed and technical at deeper levels within the planning hierarchy. A phased 
approach to the development of these plans is required to ensure that they are 
optimal for their purposes. An extreme example of this need concerns closure, where 
a progressive approach to plan development will ensure that up to date practices are 
implemented at that future time. 


Table A-1 summarizes the breakdown of the individual management plans in the 
ESMP. Specific plans will be developed for main discipline components and sub-
components as required for the Aegean Refinery Project and each phase of its 
development. The ESMP will ensure that management plans and specific work 
instructions are available for staff and contractors as required in advance of 
construction, operations and closure. 


 







STAR RAFINERI AŞ (STAR) 
AEGEAN REFINERY PROJECT (ARP) 
 
000-A-PE-007-0015 - REV A 


  
 
 


ENVIRONMENETAL & SOCIAL MANAGEMENT PLAN --- SITE PREP 


 


11513150061 ESIA 58  
 


Table A-1 : Hierarchy of Management Plans within the ESMP 


Environmental Management 
Plan 


Physical  
 


Air 


  Natural Hazards 
  Noise 
  Soils 
  Traffic 
  Waste 
  Water 
 Biological  Aquatic Ecology 
  Biodiversity and Protected 


Areas 
  Fauna 
  Flora 
Labor and Health & Safety 
Management Plan 


Labor  Employment - Human 
Resources 


  Grievance 
  Working Conditions 


 
 Health & Safety 


 
 


Social Management Plan  
 


Social Archaeology and Cultural 
Heritage 


  Socio-Economics 
 


2.1 ENVIRONMENTAL MANAGEMENT PLAN (EMP) 


Environmental and Social reporting is a requirement of the IFC and will be carried out 
by STAR ARP on an annual basis, as a minimum. An environmental and social audit 
will be carried out by a third party and a report will be prepared including the 
compliance status of the environmental and social issues against the regulatory 
framework and Aegean Refinery Project commitments and the status of the 
performance indicators. 


2.1.1 Proposed Environmental Mitigations and Management for Construction 
Phase 


This section summarizes main mitigation and monitoring activities proposed by the 
ESIA for minimum environmental management requirements towards potential 
environmental issues during construction phase of the Project. 


Proposed environmental mitigation measures and monitoring activities during the 
construction phase of the Project are summarized in ESAP. 


2.1.2 ENVIRONMENTAL PLANNING 


Contractor is required to follow the recommendations in the Environmental Impact 
Assessment (EIA) and Environmental Social Impact Assessment (ESIA) when 
considering its environmental planning.  Environmental Planning is required for the 
STAR Project for the discharge or emission of pollutants, contaminants, hazardous 
substances, or wastes into the environment (air, water, or land).  The degree to 
which environmental planning is implemented and the effort required depends on 
regulatory permitting, due diligence, or environmental assessments. 


Contractor must address environmental issues to ensure compliance with all Turkish 
national and international regulations.  Contractor’s scope may involve the 
application for, and acquisition of, appropriate regulatory permits or involves assisting 
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the Owner in the permitting process by providing the Owner with information required 
by the regulations and/or the regulatory agency. 


Turkish national and international environmental codes and regulations, industry 
standards, and the Owner’s environmental documentation (such as permits, plans, 
assessments, notices, and consent decrees), must be reviewed at the start of the 
STAR Project.   


Contractor’s environmental plan will include but not be limited to: 


2.1.2.1 Water Quality 


Construction activities that have the potential to affect water quality of water 
sources in the vicinity of the project/site, including perched water tables, 
ground water, surface water, storm water, dikes, lakes, or river. 


2.1.2.2 Air Quality, Including Dust, Emissions, and Odors 


The potential affect construction activities that will have local air quality or 
cause environmental nuisance to local residential areas and surrounding 
commercial activities.  Adoption of appropriate control measures, monitoring, 
and close liaison with the Owner are required in the mitigation of these 
impacts. 


2.1.2.3 Noise and Vibration 


Environmental nuisance caused by potential construction activities to the 
Owner facility, the community and local wildlife.  Adoption of appropriate 
control measures, monitoring, and close liaison with the Owner are required 
in the mitigation of these impacts. 


2.1.2.4 Waste Management 


Contractor will design and implement an effective waste management plan on 
the STAR Project, thereby complying with all waste management legislation.  
Contractor where possible will introduce waste minimization objectives. 


2.1.2.5 Traffic Management 


Depending on the site location and the nature of the construction activities to 
be undertaken, there are a number of traffic management considerations that 
may need to be recognized and planned, including the potential for traffic 
movement associated with construction activities.  Traffic movements can 
impact existing Owner operations and the community through: 


• Access; 


• Congestion; 


• Heavy Plant, Machinery and Vehicles (including Man-Machine Interfaces); 


• Laydown Areas; 


• Noise; 


• Vehicle parking (Reverse parking will be adopted on the STAR Project). 


The main mitigations for traffic will include: 


Scheduling of traffic: 


• To avoid peak hours on local roads. 
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• Scheduling Project traffic for daylight hours, where possible, to minimize 
sleep disturbance by increased noise events (this has been assumed in 
the analysis). 


• Scheduling large vehicle (trucks and buses) trips as convoys to reduce 
the number of times per day a disturbance may occur, if this option is 
preferred by noise receivers; and 


• Maintaining vehicles in good condition to ensure they are no louder than 
other, similar vehicles on the roadways. 


• Adopting best transport safety practices with the goal of preventing traffic 
accidents and minimizing injuries suffered by project personnel and the 
public. 


• Emphasizing safety aspects among project drivers; specifically ensure 
drivers respect speed limits through built areas and urban centers. 


• Ensure contractors regularly maintain vehicles to minimize potentially 
serious accidents caused by for example, brake failure commonly 
associated with loaded construction trucks. 


It has to be noted that there is already a traffic safety management procedure 
for the project. 


2.1.2.6 Contaminated Land 


Contractor will carry out soil sampling to determine if there is contaminated 
land on the proposed construction Site.  Previous activities on the site may 
have resulted in the contamination of the soil and/or ground water. 


Sufficient soil sampling will be undertaken to evaluate the site conditions and 
if contaminated soil is identified then the appropriate measures will be taken 
to excavate and dispose of the contaminated soil, (under permit), before 
commencement of work. 


2.1.2.7 Public Relations and Liaison 


Owner and Contractor Management will establish and maintain good public 
relations at all times.  Any complaints will be handled swiftly, and where 
appropriate, remedial action will be taken. 


2.1.2.8 Wildlife Flora and Fauna and Natural Features 


Contractor will determine the potential affect to wildlife flora and/or fauna and 
natural features during construction.  


In very sensitive locations, it may be necessary to avoid disturbance.  
Examples are: 


During particularly sensitive times of year such as hibernation or mating 
seasons; 


Indigenous heritage/areas of significance/sacred sites; 


Nature preserves; 


Protected Species. 


2.1.2.9 Visual Intrusion, Signs, and Lighting 


Contractor will give due consideration to the visual impact of any signs 
erected in the local environment. 
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In addition, consideration must be given to the impact of high-powered 
lighting on the local community. 


2.1.2.10 Archaeology 


Archaeological remains are irreplaceable and are a valuable part of a 
country’s national heritage.  During excavation operations if any 
archaeological artifacts are uncovered then all construction activities in this 
area must be stopped and the Turkish authorities informed.  


Contractor should undertake an archaeology study of the proposed Site’s 
history during the planning stage. 


It has to be noted that there is already a project procedure for chance finds. 


2.1.2.11 Site Housekeeping 


Contractor will implement an effective housekeeping programme as an 
integral part of its Safe Systems of Work.  The minimum arrangements for 
worksite housekeeping during a construction project, may include, but not be 
limited to: 


Adequate supply of waste product containers; 


Regular garbage disposal; 


Regular inspection of worksites; 


Segregation of waste; 


Spill cleanup program. 


2.1.2.12 Hazardous Substances 


Contractor will prepare for Owner’s review a Hazardous Waste Management 
Plan which will address the following items as a minimum: 


• Local Legislation; 


• A Register of all hazardous substances to be used on the STAR Project; 


• International Industry Best practice Guidelines; 


• Owner’s roles and responsibilities 


• Contractor’s roles and responsibilities; 


• Management, mitigation and monitoring for storage; 


• Transport, handling and disposal of hazardous substances; 


• Key performance Indicators for monitoring and verification. 


2.2 LABOUR and HEALTH and SAFETY MANAGEMENT PLAN 


The ARP Project will employ a Labor and Health & Safety Management Plan that will 
ensure the compliance with applicable Turkish Legislation, Equator Principles and 
IFC Guidelines and Standards. 


A labor / human resources management system will be established to manage labor 
rights, security and health issues. An employee grievance mechanism will be 
established during construction and operation phases. Working conditions and Terms 
of Employement will be applied to migrant and temporary workers including camp 
services. 
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A health and safety management system employing site and work specific health & 
safety procedures and instructions will be established. The procedures will include 
but not be limited to the following issues: 


• Electrical Works; 


• Fall Protection; 


• General Health & Safety Procedures; 


• Hot Works; 


• Lock Out Tag Out; 


• Personal Protective Equipment Usage; 


• Portable Appliances; 


• Procedures Related to Working Environment and Industrial Hygiene (noise, 
vibration, heat, etc); 


• Working at Height; 


• Working in Confined Space; etc. 


2.2.1 LEGISLATIVE REQUIREMENTS 


a) Turkish National Environmental Legislation 


The Turkish legal framework for environmental protection was developed in line with 
national and international initiatives and standards, and some of them have been 
revised recently to be harmonized with the EU Directives in the scope of pre-
accession efforts of Turkey to the EU. In the following sections, related institutions, 
legislation, process and procedures that are related to the environmental and social 
aspects of the proposed project are described.  


The Ministry of Environment and Urban Planning is the responsible organization for 
the issuing and implementation of policies and legislation adopted for protection and 
conservation of the environment, and for sustainable development and management 
of natural resources.  


The Turkish Environmental Law No. 2872, which came into force in 1983, handles 
environmental issues on a very broad scope. According to the basic principles that 
govern the application of the Environment Law, and as stated in the Constitution, 
citizens as well as the state bear responsibility for the protection of environment. 
Complementary to the Environment Law and its regulations, other laws also govern 
the protection and conservation of the environment, the prevention and control of 
pollution, and the implementation of measures for the prevention of pollution. 


The Environmental Law of 1983 has a comprehensive structure that has a holistic 
and integrated vision for the environment. ”Polluter pays” and “user pays” principles 
and carrying capacity concepts form the basis of regulatory tools in the 
Environmental Law. The Law is supported by numerous Regulations and decrees 
prepared or updated in the process of alignment with EU legislation, thus contributing 
significantly in compensating the gaps within the former legislative system of Turkey.  


Other relevant laws in the scope environmental legislation are as follows: 


• Law on Ports and Harbors, No. 618; 


• Law on General Sanitation, No.1593; 


• Law on Aquatic Products, No.1380; 
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• Coastal Law, No.3621; 


• Law on Principles for Emergency Response and Compensation of Losses in 
Pollution of Marine Environment by Petroleum and Other Hazardous Substances, 
No.5312; 


• Law on Energy Efficiency, No.5627 


• Law on Groundwaters, No.167 


b) Turkish National Social Legislation 


Labor and occupational health & safety issues in Turkey are governed by the Ministry 
of Labor and Social Security. Major regulations relevant to labor and working 
conditions are: 


• Labor Law No. 4857 (10 June 2003): Aims to regulate the working conditions and 
work-related rights and obligations of employers and employees working within 
the confines of an employment contract; 


• Regulation on Workers Health and Work Safety (09 December 2003, Off. Gaz. 
no: 25311): Stipulates the legal rights of employees. In addition, Regulation on 
Workers Health and Work Safety stipulates health and safety conditions within 
workplaces in detail; 


• The protection of cultural heritage in Turkey is governed by the Ministry of Culture 
and Tourism. Law on Protection of Cultural and Natural Assets determines the 
criteria for designation of protected areas, principles related with the protection 
measures and limitations on the use of these areas under the supervision and 
power of the Committee on Protection of Cultural and Natural Assets. 


Other relevant social laws are as follows: 


• General Public Health Law (24 April 1930); 


• Public Settlement Law (21 June 1934); 


• Expropriation Law (no. 2942); 


• Land Deed and Registration Law (no. 3402); 


• Resettlement Law (21 June 1934); 


• Communication Law (no. 7201); 


• Procurement Law (no. 2986). 


*The latest revisions of the listed legislation shall be valid for use and reference during the Project Execution 


c) Equator Principles 


The Equator Principles endorse the applicable IFC Performance Standards, IFC 
General EHS Guidelines and IFC Industry Specific EHS Guidelines. The 
Performance Standards establish the standards that the project is to meet throughout 
the life of an investment by IFC or other relevant financial institution. General and 
Industry Specific EHS Guidelines provide implementation guidelines and 
environmental quality limits that projects should comply with. 


Equator Principles 


The Equator Principles Financing Institutions (EPFIs) have ten principles: 


• Principle 1: Review and Categorization 
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• Principle 2: Social and Environmental Assessment 


• Principle 3: Applicable Social and Environmental Standards 


• Principle 4: Action Plan and Management System 


• Principle 5: Consultation and Disclosure 


• Principle 6: Grievance Mechanism 


• Principle 7: Independent Review 


• Principle 8: Covenants 


• Principle 9: Independent Monitoring and Reporting 


• Principle 10: EPFI Reporting 


d) IFC Performance Standards and Guidelines 


IFC Performance Standards 


The eight Performance Standards (PSs) establish the standards that the project is 
to meet throughout the life of an investment by IFC or other relevant financial 
institution: 


• PS 1:  Social and Environmental Assessment and Management System 


• PS 2:  Labor and Working Conditions (where applicable) 


• PS 3:  Pollution Prevention and Abatement 


• PS 4:  Community Health, Safety and Security (where applicable) 


• PS 5:  Land Acquisition and Involuntary Resettlement (where applicable) 


• PS 6:  Biodiversity Conservation and Sustainable Natural Resource 
Management (where applicable) 


• PS 7:  Indigenous Peoples 


• PS 8:  Cultural Heritage 


IFC General EHS Guidelines 


General EHS Guidelines (dated April 30, 2007) provides guidance to users on 
common EHS issues potentially applicable to all industry sectors. During the design, 
construction/site preparation, operation and decommissioning of the project (the 
project lifecycle) the project owner will consider ambient conditions and apply 
pollution prevention and control technologies and practices (techniques) that are best 
suited to avoid or, where avoidance is not feasible, minimize or reduce adverse 
impacts on human health and the environment while remaining technically and 
financially feasible and cost-effective. The project-specific pollution prevention and 
control techniques included in General EHS Guidelines are listed below: 


Environmental 


• Air Emissions and Ambient Air Quality; 


• Contaminated Land; 


• Energy Conservation; 


• Hazardous Materials Management; 


• Noise; 
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• Waste Management; 


• Wastewater and Ambient Water Quality; and 


• Water Conservation; 


Occupational Health & Safety 


• Biological Hazards; 


• Chemical Hazards; 


• Communication and Training; 


• General Facility Design and Operation; 


• Monitoring;89 


• Personal Protective Equipment (PPE); 


• Physical Hazards; 


• Radiological Hazards; and 


• Special Hazard Environments. 


Community Health & Safety 


• Disease Prevention; 


• Emergency Preparedness and Response; 


• Life and Fire Safety (L&FS); 


• Structural Safety of Project Infrastructure; 


• Traffic Safety; 


• Transport of Hazardous Materials; and 


• Water Quality and Availability. 


Construction and Decommissioning 


� Community Health & Safety; 


� Environment; and 


� Occupational Health & Safety. 


IFC EHS Guidelines for Petroleum Refining  


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) include reference 
values on environmental, health, and safety aspects. The EHS Guidelines are 
technical reference documents with general and industry specific examples of Good 
International Industry Practice (GIIP). These industry sector EHS guidelines are 
designed to be used together with the General EHS Guidelines. The EHS Guidelines 
for Petroleum Refining cover processing operations from crude oil to finished liquid 
products, including liquefied petroleum gas (LPG), gasoline, kerosene, diesel oil, 
heating oil, fuel oil, bitumen, asphalt, sulphur, and intermediate products (e.g. 
propane / propylene mixtures, virgin naphtha, middle distillate and vacuum distillate) 
for the petrochemical industry. Annex A contains a description of industry sector 
activities. Further information on EHS issues related to storage tank farms is 
provided in the EHS Guidelines for Crude Oil and Petroleum Product IFC EHS 
Guidelines for Crude Oil and Petroleum Product Terminals 
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The EHS Guidelines for Petroleum Refining (dated April 30, 2007) refers to The EHS 
Guidelines for Crude Oil and Petroleum Product Terminals for the recommended 
practices for storage of crude oil and products management of fire and explosion 
hazards. The EHS Guidelines for Crude Oil and Petroleum Product Terminals include 
information relevant to land and shore-based petroleum storage terminals receiving 
and dispatching bulk shipments of crude oil, gasoline, middle distillates, aviation gas, 
lube oil, residual fuel oil, compressed natural gas (CNG), liquid petroleum gas (LPG), 
and specialty products from pipelines, tankers, railcars, and trucks for subsequent 
commercial distribution.  


The document includes the following issues: 


Industry Specific Impacts and Management 


a. Environmental 


• Air Emissions 


• Wastewater 


• Hazardous Materials and Oil 


• Waste Management 


b. Occupational Health & Safety 


• Chemical Hazards 


• Fire and Explosions 


• Confined Spaces 


c. Community Health & Safety 


• Visual Impacts 


Performance Indicators and Monitoring 


1. Environment 


• Emissions and Effluent Guidelines 


• Environmental Monitoring 


2. Occupational Health & Safety 


• Occupational Health & Safety Guidelines 


• Accident and Fatality Rates 


• Occupational Health & Safety Monitoring 


Other International Standards 


The following standards are referred at IFC Guidelines: 


• World Health Organisation (WHO) Ambient Air Quality Standards; 


• WHO Drinking Water Standards. 


In addition, the following guidelines and standards will be utilized: 


• Dutch Intervention Values for Soil Quality, where needed; 


• International Union for Conservation of Nature (IUCN) Red Data List 
for protected species (fauna and flora). 
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Table 1-8. Relevant Regulations and Guidelines for the Refinery Project  


Issue Relevant Guidelines and Regulations  


Operations Phase 


Environmental Issues 


Air Quality  


• IFC General EHS Guidelines 
- Environmental - Air Emissions and Ambient Air Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Air Emissions, 


Greenhouse Gases (GHG) 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
- Regulation on Industrial Air Pollution Control 
- Regulation on Assessment and Management of Air Quality  
- Regulation on Decreasing the Ozone Depleting Materials 
- Regulation on Control of Exhaust Gas Emission 
- Regulation on Odor Causing Emissions 


• EU Regulations 
- Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 


ambient air quality and cleaner air for Europe 
- Directive 2004/107/EC of the European Parliament and of the Council of 15 December 


2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic 
hydrocarbons in ambient air 


- Directive 2003/87/EC of the European Parliament and of the Council of 13 October 
2003 establishing a scheme for greenhouse gas emission allowance trading within the 
Community and amending Council Directive 96/61/EC 


- Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 
relating to emissions from air-conditioning systems in motor vehicles and amending 
Council Directive 70/156/EEC 


- Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 
- Regulation (EC) No 2037/2000 of the European Parliament and of the Council of 29 


June 2000 on substances that deplete the ozone layer 
- Directive 2001/80/EC of the European Parliament and of the Council of 23 October 


2001 on the limitation of emissions of certain pollutants into the air from large 
combustion plants 


Energy 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Energy Conservation 


• IFC EHS Guidelines for Petroleum Refining 
- Performance Indicators and Monitoring – Environment – Resource Use, Energy 


Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy 
Usage 


• EU Regulations 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control 
- EC/JRC 2008: IPPC Reference Document on Best Available Techniques for Energy 


Efficiency. June 2008 
- Directive 2002/91/EC of the European Parliament and of the Council of 16 December 


2002 on the energy performance of buildings 


Water and 
Wastewater 
Quality  


• IFC General EHS Guidelines 
- Environmental - Wastewater and Ambient Water Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
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Issue Relevant Guidelines and Regulations  


- Regulation on Water Pollution Control  
• EU Regulations 


- Council Directive of 12 December 1991 concerning the protection of waters against 
pollution caused by nitrates from agricultural sources 


- Council Directive of 16 June 1975 concerning the quality required of surface water 
intended for the abstraction of drinking water in the Member States 


- Council Directive of 22 March 1982 on limit values and quality objectives for mercury 
discharges by the chloralkali electrolysis industry 


- Council Directive of 26 September 1983 on limit values and quality objectives for 
cadmium discharges 


- Council Directive of 9 October 1984 on limit values and quality objectives for discharges 
of 


- hexachlorocyclohexane 
- Directive 2006/7/EC of the European Parliament and of the Council of 15 February 


2006 concerning the management of bathing water quality and repealing Directive 
76/160/EEC, 


- Directive 2000/60/EC of the European Parliament and of the Council of 23 October 
2000 establishing a framework for Community action in the field of water policy 


- Directive 2006/118/EC of the European Parliament and of the Council of 12 December 
2006 on the protection of groundwater against pollution and deterioration 


Water 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Water Conservation 


• EU Regulations 
- Directive 2006/11/EC of the European Parliament and of the Council of 15 February 


2006 on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 


- Council Directive of 12 June 1986 on limit values and quality objectives for discharges 
of certain dangerous substances included in List I of the Annex to Directive 76/464/EEC 


Hazardous 
Materials 
Management 


• IFC General EHS Guidelines 
- Environmental - Hazardous Materials Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 


• IFC EHS Guidelines for Crude Oil and Petroleum Product Terminals  
• Turkish Regulations 


- Regulation on Restrictions on the Production, Placing on the Market, and Use of Some 
Hazardous Materials 


- Regulation on Inventory and Control of the Chemicals 
• EU Regulations 


- Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending 
Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and 
Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and 
Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC 


- Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, 
regulations and administrative provisions relating to the classification, packaging and 
labelling of dangerous substances 


- Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 
concerning the approximation of the laws, regulations and administrative provisions of 
the Member States relating to the classification, packaging and labelling of dangerous 
preparations 


Waste 
Management 


• IFC General EHS Guidelines  
- Environmental - Waste Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastes 
- Performance Indicators and Monitoring – Environment – Environmental Monitoring; 


Resource Use, Energy Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on Solid Waste Control 
- Regulation on General Principles of Waste Management 
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Issue Relevant Guidelines and Regulations  


- Regulation on Hazardous Waste Control  
- Regulation on Waste Oil Control  
- Regulation on Medical Waste Control  
- Regulation on Control of Waste Batteries and Accumulators 
- Regulation on Control of Vegetative Oils 
- Regulation on Control of PCB and PCTs  
- Regulation on Package Waste Control  


• EU Regulations 
- Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on 


waste 
- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 


June 2006 on shipments of waste 
- Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated 


biphenyls and polychlorinated terphenyls (PCB/PCT) 
- Directive 94/62/EC of the European Parliament and of the Council of 20 December 


1994 on packaging and packaging waste 
- Directive 2002/96/EC of the European Parliament and of the Council of 27 January 


2003 on waste electrical and electronic equipment (WEEE) 
- Directive 2002/95/EC of the European Parliament and of the Council of 27 January 


2003 on the restriction of the use of certain hazardous substances in electrical and 
electronic equipment 


Noise  


• IFC General EHS Guidelines 
- Environmental - Noise  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Noise 


• Turkish Regulations 
- Regulation on Assessment and Management of Environmental Noise 


• Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 
relating to the assessment and management of environmental noise 


Soil Quality 


• IFC General EHS Guidelines 
- Environmental - Contaminated Land 


• Turkish Regulations 
- Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 


• Council Directive of 12 June 1986 on the protection of the environment, and in particular of 
the soil, when sewage sludge is used in agriculture 


• Directive 2004/35/CE of 21 April 2004 on environmental liability with regard to the 
prevention and remedying of environmental damage 


Occupational and Community Health and Safety Issues 


Occupational 
and 
Community 
Health and 
Safety  


• IFC General EHS Guidelines   
- Occupational Health and Safety 
- Community Health and Safety  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Occupational Health and Safety; 


Community Health and Safety 
- Performance Indicators and Monitoring – Occupational Health and Safety 


• Turkish Regulations 
- The Labor Law – No.4857 
- Regulation on Workers Health and Work Safety 
- Statue on Measures for Workplaces Where Flammable, Explosive, Dangerous and 


Hazardous Materials are Used 
- Regulation on Machine Guards 
- Regulation on Safety and Health Requirements Working With Display Screen 


Equipment 
- Regulation on Vibration 
- Regulation on Noise 
- Health and Safety Signs Regulation 
- Regulation on Health and Safety at Construction Sites 
- Regulation on Protection of Workers form the risk of Explosive Media 
- Regulation on Health and Safety Precautions Regarding Working with Asbestos 
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Issue Relevant Guidelines and Regulations  


- Regulation on Manual Handling 
- Regulation on Principles and Procedures for Health and Safety Training of Employees 
- Regulation on Health and Safety Precautions Regarding Workplace Buildings and Their 


Annexes 
- Regulation on Use of Personnel Protective Equipment in Workplaces 
- Regulation on Health and Safety Conditions Regarding Use of Work Equipments 
- Regulation on Health and Safety Regarding Temporary Works 
- Regulation on Heavy and Dangerous Works  
- Regulation on Securing Workplace Establishment Permit and Certificate of Operation 
- Personnel Protective Equipment Regulation 
- Regulation on Health and Safety Precautions Regarding Working with Chemicals 
- Regulation on Subcontractor  
- Regulation on Workplace Health and Safety Units and Common Health and Safety 


Units 
- Regulation for Fire Safety of Buildings 
- Regulations on the Prevention of Biological Exposure Risks 
- Regulation on the Employment of Pregnant or Lactating Women, children's care homes 


and Breastfeeding Rooms 
- Regulation on the Health and Safety Measures on the Carcinogenic and mutagenic 


substances 
- Regulation on the Procedures and Principles of the Employment of Children's and 


Young Workers 
- Regulation on Working Hours Regarding Labor Law 
-  


• EU Regulations 
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 


encourage improvements in the safety and health of workers at work 
- Council Directive 89/654/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the workplace 
- Council Directive 89/655/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the use of work equipment by workers at work (amending 
directives 95/63/EC and 2001/45/EC) 


- Council Directive 89/656/EEC of 30 November 1989 on the minimum health and safety 
requirements for the use by workers of personal protective equipment at the workplace 


- Council Directive 83/477/EEC of 19 September 1983 on the protection of workers from 
the risks related to exposure to asbestos at work 


- Council Directive 90/269/EEC of 29 May 1990 on the minimum health and safety 
requirements for the manual handling of loads where there is a risk particularly of back 
injury to workers 


- Council Directive 90/270/EEC of 29 May 1990 on the minimum safety and health 
requirements for work with display screen equipment 


- Directive 2004/37/EC of the European Parliament and of the Council of 29 April 2004 
on the protection of workers from the risks related to exposure to carcinogens or 
mutagens at work 


- Directive 2000/54/EC of the European Parliament and of the Council of 18 September 
2000 on the protection of workers from risks related to exposure to biological agents at 
work 


- Council Directive 92/57/EEC of 24 June 1992 on the implementation of minimum safety 
and health requirements at temporary or mobile construction sites 


- Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for the 
provision of safety and/or health signs at work 


- Council Directive 92/85/EEC of 19 October 1992 on the introduction of measures to 
encourage improvements in the safety and health at work of pregnant workers and 
workers who have recently given birth or are breastfeeding 


- Directive 1999/92/EC of the European Parliament and of the Council of 16 December 
1999 on minimum requirements for improving the safety and health protection of 
workers potentially at risk from explosive atmospheres 


- Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (vibration) 


- Directive 2003/10/EC of the European Parliament and of the Council of 6 February 
2003 on the minimum health and safety requirements regarding the exposure of 
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Issue Relevant Guidelines and Regulations  


workers to the risks arising from physical agents (noise) 
- Directive 2004/40/EC of the European Parliament and of the Council of 29 April 2004 


on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (electromagnetic fields) 


- Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on 
the protection of the health and safety of workers from the risks related to chemical 
agents at work 


- Council Directive 80/1107/EEC of 27 November 1980 on the protection of workers from 
the risks related to exposure to chemical, physical and biological agents at work 


- Council Directive 88/364/EEC of 9 June 1988 on the protection of workers by the 
banning of certain specified agents and/or certain work activities 


- Council Directive 96/82/EC of 9 December 1996 on the control of major-accident 
hazards involving dangerous substances 


Other • EU Regulation 
- Council Directive of 27 June 1985 on the assessment of the effects of certain public 


and private projects on the environment. 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control. 


 


 


 


2.3 SOCIAL MANAGEMENT PLAN 


2.3.1 Stakeholder Identification 


All stakeholder groups having an interest for, might be affected by, or might have an 
influence on the outcome of the Project were identified during the Local EIA and 
ESIA Phases. This ESIA study reviewed the stakeholders that have previously been 
identified during Local EIA, and expanded the stakeholder list to include additional 
stakeholders that are relevant during the Project life cycle. The relevant stakeholder 
groups are: 


• Governmental Authorities – National and regional governmental bodies; 


• Non-Governmental Organizations – Regional, national and international bodies; 


• Communities – Local community of Aliağa (affected settlements), and overall 
Turkey community; and 


• Universities and Independent Experts. 


• A detailed list of the stakeholders is provided in Table A-3. 
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Table A-3: List of Project Stakeholders 


 


Stakeholder 
Group 


Stakeholder 
Category 


Stakeholder Sub-Category Potential Role 
in the Project 


Communities 


National 
Community 


General Population of Turkey  
 


Low 


Affected 
Settlements 


Aliağa District Center Population  
 


High 


Governmental 
Organizations 
 


Regional 
Governmental 
Organization 
 


Izmir Provincial Directorate of Health  Low 
Aliağa District Directorate of Agriculture  Low 
Izmir Provincial Department of Environment 
and Forestry  


Low 


Aliağa Municipality  Low 
Aliağa District National Education 
Directorate  


Low 


Aliağa District Governorship  High 


National 
Governmental 
Organization 
 


The Ministry of Environment and Forestry  Low 
The Ministry of Culture and Tourism  Medium 
The Ministry of Industry and Trade  Medium 
The Ministry of Energy and Natural 
Resources  


Medium 


The Ministry of Health  Low 
The Ministry of National Education  Low 


Non- 
Governmental 
Organizations 
 


Regional 
NGOs 
 


Aliağa Culture and Solidarity Association  
 


Medium 


Petrol-Is Trade Union Aliağa Branch  Medium 
Aliağa Education and Development 
Foundation (ALGEV)  


Medium 


Aliağa Social Solidarity Foundation  Low 
Kemalist Thoughts Association Aliağa 
Branch  


Low 


Aegean Conservation of Natural Life 
Association  


Low 


Foça Friends of Environment Association  Low 
CHP Aliağa District Organization  Medium 
AKP Aliağa District Organization  Medium 
Aliağa District Center Chamber of Industry 
and Commerce  


Low 


National NGOs 
 


Chamber of Environmental Engineers  Medium 
The Union of Turkish Engineers and 
Architects (TMMOB)  


Medium 


TEMA Foundation  Low 
DOGCEV Association Low 
Doğa Association  High 
ÇEKÜL Association  Low 


International 
NGOs 


Greenpeace Low 
WHO  Low 


University and 
Other 
Independent 
Experts 


Universities 


Ege University  Low 
Dokuz Eylül University Low 
Izmir University of Economics  Low 
Izmir Institute of Technology  Low 
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2.3.2 Stakeholder Engagement Plan 


A systematic stakeholder engagement process will be employed through the liaison 
activities throughout the Project life cycle. National, regional and local level liaison 
activities will involve formal meetings to discuss economic, environmental and social 
aspects of the Project and various planning issues. 


At the community level, liaison activities will focus on communication with local 
community to establish and maintain an appropriate level of relationship with the 
people dwelling in Aliağa. The overall objective of the community liaison activities are 
as follows:  


• Continuously informing the local community about the Project-related 
development activities; 


• Ensuring that the local community is informed about the hazards associated with 
construction/site preparation and operation activities of the Project;  


• Minimizing potential disputes between personnel and contractors of STAR and 
the local community; and 


• Timely and effective responding to community concerns regarding the issues 
such as employment of the local workforce reserve in the construction/site 
preparation and operation phases, disruption to daily life, safety issues, 
disturbances due to noise or dust, and other environmental and social issues. 


Community relations and social impact management will be a shared responsibility 
between the STAR and Site Preparation (Engineering, Procurement and 
Construction)/Site Preparation Contractor. While the contractor will be responsible for 
maintaining community relations during construction/site preparation phase of the 
Project, STAR ARP will take the overall responsibility at all phases. The primary 
responsibility of the community liaison team will be to build positive and organic 
relationships with the communities that will be impacted by the Project during 
construction/site preparation and operation. 


Both STAR ARP and the contractor will have dedicated teams for implementation of 
community relations and social impact management (Community Relations Team, 
CRT). The roles and the responsibilities of the team members will complement each 
other and ensure the effective implementation of the program. 


2.3.3 Roles and Responsibilities for Community Relations Team 


STAR Management 


STAR will appoint an Environmental and Social Officer (ESO) for the Project in the 
beginning of the preconstruction activities to supervise the implementation of overall 
environmental and social mitigation activities defined by the ESMP. 


The ESO will be the STAR point of contact for Contractors as well as for Project 
stakeholders including the Governmental Authorities, Municipality, NGOs and the 
local community. 


STAR ESO will supervise all the relevant site activities of the construction 
contractors. The Contractors will report to ESO all the environmental and social 
issues and performance related to the Project. 


This section describes the general framework under which national, regional and 
community level liaison activities will be conducted, determines the roles and 
responsibilities for community relations, and identifies stakeholders to be engaged 
with a schedule. 







STAR RAFINERI AŞ (STAR) 
AEGEAN REFINERY PROJECT (ARP) 
 
000-A-PE-007-0015 - REV A 


  
 
 


ENVIRONMENETAL & SOCIAL MANAGEMENT PLAN --- SITE PREP 


 


11513150061 ESIA 74  
 


Community relations and social impact management will be a shared responsibility 
between the STAR and Site Preparation (Engineering, Procurement and 
Construction) contractor. While the Site Preparation contractor will be responsible for 
maintaining community relations during construction phase of the Project, STAR will 
take the overall responsibility at all phases. The primary responsibility of the 
community liaison team will be to build positive and organic relationships with the 
communities that will be impacted by the Project during construction and operation. 


Both STAR and the Site Preparation contractor will have dedicated teams for 
implementation of community relations and social impact management (Community 
Relations Team, CRT). The roles and the responsibilities of the team members will 
complement each other and ensure the effective implementation of the program. 


The main responsibilities and the general characteristics of the staff responsible for 
community relations are defined in the following paragraphs. A general outline is 
provided at this stage; however, the exact roles and responsibilities of the community 
liaison team will be further specified once the Site Preparation contract is signed, 
according to the contexts and specific needs of the construction period. 


STAR Community Relations Officer (CRO) will act as an interface between STAR, 
Site Preparation Contractor and the local community. STAR CRO might be the ESO 
who is appointed for the overall supervision of the environmental and social 
management for the Project. He/she will function as a focal point for resolution of 
community complaints and grievances. While implementing the community liaison 
program, he/she will organize meetings with the national and regional authorities on 
issues related with the project. STAR CRO will provide advice and support to the 
Contractor CRO about the emerging community issues. STAR CRO will record 
community related issues and report the activities of community liaison. 


Site Preparation Contractor CRO will organize and participate in the meetings with 
the local communities prior to arrival of construction team to a given locality. During 
the construction period, he/she will regularly meet with the community members 
about the resolution of community issues. The Site Preparation Contractor CRO will 
be responsible to keep records of all consultation and communication activities with 
the local community and the complaints and grievances of the local community. 


He/she will not only function as a reporting mechanism but also as a tool to help 
resolution of the grievances. 


Community Relations Assistants (CRAs) will preferably be employed from the 
local community. This would ensure that the assistants will already have organic 
relationships with the community. 


The Project will have a tracking system to maintain an inventory of all meetings and 
consultations with the stakeholders. 


Environmental and Social Monitoring: 


As a requirement of the Turkish EIA regulation third party audits shall be performed 
by an EIA licensed third party company at the intervals declared within the EIA 
positive decision. The report will be forwarded to the Ministry of Environment and 
Urban Planning. 


The contractor will be monitoring of the performance of the mitigation measures in 
the scope of the Contractor (refer to project EIA and ESIA) and will ensure an 
adequate monitoring system is in place for the measurement of parameters as 
required by project EIA, ESIA and legal requirements. The monitoring programme will 
include the monitoring parameters, methods of monitoring and sample. 
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Environmental and Social Monitoring and Reporting Programme: 


Contractor will develop and integrate monitoring programme to include: 


• Agree format of monitoring report for disclosure and submit annual; 


• Develop monitoring protocols; 


• Establish monitoring systems; and 


• Procure environmental monitoring equipment. 


Environmental Training Programme:  


All personnel, including contractor’s personnel, will receive a level of environmental 
and social training appropriate to their job functions. Training will include awareness 
of Project policies, regulatory framework and conformance to the ESMP. The 
potential environmental impacts associated with their jobs will be addressed. 
Conformance to procedures will be emphasized. Training will be integrated with 
health and safety, spill response and emergency response programs. Basic training 
programs for the employees will include but not ne limited to the following: 


• Environmental protection 


• Firefighting 


• First aid 


• Health and job safety 


• Risk assessment 


• Site security 


• Use of chemical agents 


Contractor’s personnel shall receive a Project Site induction including Project’s 
environmental requirements delivered by STAR, prior to commencing work on site. 


Contractor’s personnel, who will have jobs with significant environmental risks, shall 
receive a specific environmental training in addition to the induction.  This training 
shall be delivered by the Contractor, with the support of STAR ESO. 


Contractor’s site management, supervisors and nominated ER shall receive the 
Supervisors Awareness Course, which details general environmental awareness and 
specific performance requirements expected on the Site. 


At least one member of each work group shall participate in awareness training for 
the use of Spill Response Kits. 


An auditable set of records shall be maintained for all training conducted for the 
duration of the Contract. 


On a weekly basis, as a minimum, environmental communications shall be delivered 
by the Contractor to its workgroups.  These communications shall present 
information on the management of environmental risks or key site environmental 
issues.  Records of topics, attendance and presenter’s name shall be maintained as 
an auditable record. 


Contractor’s appointed ER shall attend project meetings facilitated by or on behalf of 
STAR. 


Contractor will train its staff to ensure compliance with the requirements defined in 
this document: 
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• Develop training materials and curricula; 


• Develop training schedule; 


• Deliver training programs. 


Construction Camps: 


STAR is planning to employ the reserve workforce in Aliağa in the first place and 
then employ the people from other parts of Turkey.  In order to provide sufficient 
accommodation during the construction works of the Project and to minimize the 
potential impacts on the existing infrastructure such as water, wastewater, 
transportation, etc.; construction camps will be established  


Employment: 


Employment and new job opportunities are generally considered as a positive 
impact.  However, to ensure that the benefits are maximized and positive, the owner 
will adhere to the international guidelines set out by the ILO and IFC. Such mitigation 
step will include: 


• Conditions of work; 


• Developing a direct grievance mechanism. 


• Development of a Human Resources policy that includes the following key 
elements: 


• Disciplinary and termination procedures and rights; 


• Ensuring all employees have clear documentation of their working relationship to 
the owner; 


• Entitlement to and payment of wages; permissible wage deductions; 


• Entitlement to benefits; 


• Entitlement to leave for holidays, vacation, illness, and maternity and other 
reasons; 


• Occupational safety, hygiene and emergency preparedness; 


• Overtime payments; hours of work and any legal maximums; 


• Promotion requirements and procedures; 


• The employees’ right to form and join workers’ organizations; 


2.3.3 Proposed Social Mitigations for Construction Phase 


Proposed mitigation measures and monitoring activities regarding the potential 
impacts on socioeconomic characteristics and archaeology and cultural resources 
during construction and operation phases are summarized in ESAP. 


2.4 ENVIRONMENTAL AND SOCIAL MANAGEMENT MECHANISM 


Overall Environmental and Social Management Mechanism 


The following overall management mechanism will be established for the Project in 
order to implement the ESMP: 


Organization - Roles and Responsibilities 


An Environmental and Social Officer (ESO) will supervise the overall environmental 
and social management activities associated with the Project at all phases of the 
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Project. The ESO will be appointed in the beginning of pre-construction activities. 
The role of the ESO will be to supervise the implementation of overall environmental 
and social mitigation activities defined by the ESMP, to ensure that the further 
required level of detailed management plans are established, implemented and 
maintained, and to report on the overall Project performance. A Community Relations 
Officer (CRO), who might be the ESO, will act as an interface between STAR, 
contractors and the local community. He/she will function as a focal point for 
resolution of community complaints and grievances, and will also organize required 
meetings with the national/regional authorities. Responsibilities for the other key roles 
will be clearly defined for the successful implementation of the ESMP. 


Risk Assessment and Risk Register 


A risk assessment study will be conducted in the beginning of the construction / pre-
construction works to prepare a detailed risk register identifying the potential 
environmental, health & safety and social risks associated with the individual work 
items. Working place risk sources may be grouped according to the works performed 
or activities executed, processes, materials used, work equipments, employees, and 
working environment. Risk assessment works at a working place should be 
conducted at the stage of commencing to work; in case there is a change in working 
place; after job accident, profession illness or any event; and periodically as required. 


Training and Awareness 


All personnel, including contractor’s personnel, will receive a level of environmental 
and social training appropriate to their job functions. Training will include awareness 
of Project policies, regulatory framework and conformance to the ESMP. The 
potential environmental impacts associated with their jobs will be addressed. 
Conformance to procedures will be emphasized. Training will be integrated with 
health and safety, spill response and emergency response programs. Basic training 
programs for the employees will include but not ne limited to the following: 


Environmental protection 


Firefighting 


First aid 


Health and job security 


Risk assessment 


Site security 


Use of chemical agents 


Communication of Environmental and Social Issues 


A system will be established to communicate internally and externally regarding 
environmental and social issues. The system will be capable of communication to 
others, to receive information, to document information and to respond. Lines of 
communication within STAR and the specific individuals responsible for responding 
to the various types of inquiries will be identified. External communication issues are 
provided in Public Consultation and Disclosure Plan (PCDP). 


Document and Record Controls 


A document and record keeping procedure will be established to maintain the 
summary of all environmental and social activities and results. The records will 
include mitigation, monitoring and reporting needs, such as sampling, analytical data, 
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incident reports, communications, etc.; and performance, training, communications 
and audits. These documents will be readily accessible for review and audit. 


Corrective Actions 


Procedures will be established to investigate any non-conformance with the 
requirements and necessary adjustment to correct and prevent further occurrence. 


Inspections and Audits 


A system will be established to conduct periodic audits of the environmental and 
social management plans, their effectiveness, implementation and maintenance. 


Budget 


Budgets will be established to meet the needs and requirements of the ESMP for the 
life of the Project. A refined budget will be established annually to address the tasks 
to achieve the requirements to address environmental and social management. 


Monitoring and Reporting 


Environmental and social reporting is a requirement of the IFC and will be done by 
STAR at a minimum annually. An environmental and social audit will be done by a 
third party and a report will be prepared including the compliance status of the 
environmental and social issues against the regulatory framework and Project 
commitments and the status of the performance indicators. 


 


Management of Change 


Procedures  by the contractor will be in place for the management of the changes in 
the project. Such changes will include: 


• New permitting requirements 


• Revisions in the operational processes that may create Health, Safety and 
Environmental hazards and associated risks 


• Changes in HSE critical equipment 


The purpose of these procedures will be evaluate the changes in design, process 
and regulatory requirements in terms helath, safety, environment in order to minimize 
the possible risks encountered with these changes. 


The procedure will describe in detail the system in place for the management of 
changes. The proposed system by STAR as a minimum will include: 


• The identification and definition of change 


• The evaluation of the changes in terms of technical, organizational, resource 
requirements. 


• The approbal of the changes with the proposed control measures in order to 
minimse the associated risks 


• The implementation of the changes 


• The control/verification/validation of the effectivity of the proposed mitigation 
measures. 


• The communşication of the changes to STAR. 


Supply Chain Management 
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• Adverse impacts associated with supply chains will be considered where low labour cost is a 
factor in the competitiveness of the item supplied.   


• The STAR Company will specifically inquire about and address: 


• • child labour; and 


• • forced labour; in its supply chain. 


• STAR company will also include the provision of supply chain information in to supplıier and 
contarctor evalutaion system. STAR will collaborate with all contractors/supplier in the early 
stage planning nad assessments on the evaluations system.There will be agreement 
netween the contractırs/suppliers and STAR on the environmental and social obligations and 
standards and where applicable invetsing in as part of in the local capacity buildings.  


 


 


 


2.4.1 Contractor’s Management 


Roles and Responsibilities of Contractors 


In the execution of the works under the Construction Contracts, the Contractor shall 
comply with the relevant environmental requirements detailed herein. The Contractor 
shall implement and demonstrate compliance with these requirements at all times. 


The Contractor shall address the requirements of those applicable standards in the 
form of a Specific Project Work Instructions, detailing the operating criteria required 
to implement the standards. The Work Instructions shall form a part of the 
Contractor’s Environmental Management Plan (EMP). 


Nothing in this ESMP, nor any action, omission or failure by STAR shall derogate the 
Contractor’s responsibility and liability in the event of environmental pollution. 


STAR referred to in this ESMP may be replaced by the Site Preparation Contractor 
as appropriate to project scope of works. In such situations, STAR will advise the 
Contractor of specific clauses of this standard where the Site Preparation Contractor 
shall have similar role and authority to STAR. 


Unless notified as exempt from STAR, Contractors must submit an Environmental 
Management Plan (EMP) that meets STAR’s Minimum Environmental Standards for 
Construction Contracts and specific project requirements stated in this document. 


An EMP shall include the management of environmental aspects in the form of 
environmental procedures related to the Contractor’s Scope of Works in compliance 
with the minimum standards included in this ESMP, in addition to the following: 


• detailed environmental roles, responsibilities and authorities of the Company 
Director, Project Manager, and Supervisors; and 


• detailed role, responsibilities, authority and relevant environmental experience of 
the nominated Environmental Representative (ER) for the Project Site. 


Activities Prior to Mobilization 


Upon contract award, the Contractors shall be advised of the Project-specific 
environmental requirements. 
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Environmental training and awareness needs will be determined and documented via 
training needs analysis prior to mobilization. 


Contractors shall ensure that all ground breaking, earthmoving and tracked 
equipment have undergone a weed and hygiene inspection and passed a vehicle 
inspection checklist prior to entering site. 


Personnel and Resources 


The Contractor shall: 


appoint an ER for the Project Site; and 


nominate an Alternate ER to delegate the responsibilities when the appointed 
representative is off site. 


The Contractor’s appointed ER shall: 


ensure that the environmental actions set in the Contractor’s EMP are adequate to 
the work scope and are communicated to and understood by the site staff and 
supervisors; 


provide information on Project’s environmental requirements for effective 
communication to workgroups prior to construction activities; 


be responsible for the implementation and compliance monitoring of the Contractor’s 
EMP. 


Training and Communication 


• Contractor’s personnel shall receive a Project Site induction including Project’s 
environmental requirements delivered by STAR, prior to commencing work on site. 


• Contractor’s personnel, who will have jobs with significant environmental risks, shall 
receive a specific environmental training in addition to the induction. This training shall 
be delivered by the Contractor, with the support of STAR ESO. 


• Contractor’s site management, supervisors and nominated ER shall receive the 
Supervisors Awareness Course, which details general environmental awareness and 
specific performance requirements expected on the Site. 


• At least one member of each work group shall participate in awareness training for the 
use of Spill Response Kits. 


• An auditable set of records shall be maintained for all training conducted for the duration 
of the Contract. 


• On a weekly basis, as a minimum, environmental communications shall be delivered by 
the Contractor to its workgroups. These communications shall present information on the 
management of environmental risks or key site environmental issues. Records of topics, 
attendance and presenter’s name shall be maintained as an auditable record. 


• Contractor’s appointed ER shall attend project meetings facilitated by or on behalf of 
STAR. 


Inspection and Audits 


The Contractor’s appointed ER is responsible for internal environmental site audits 
and inspections. The ER shall be competent in understanding: 


• The Contract requirements; 


• Contents of the risk register; 
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• Contractor’s EMP and Policies; 


• Relevant environmental management procedures; and 


• Legal and other requirements. 


Non-conformances and hazards identified by the Contractor during inspections shall 
be documented, addressed with appropriate corrective and preventive actions. 


All active work areas shall be inspected by the Contractor’s supervisors on a weekly 
basis as a minimum. These inspections shall be documented and maintained as 
auditable records. The Contractor shall formally respond to any inspection / audit 
findings within three working days of receipt, with details of appropriate corrective or 
remedial actions, time frames and responsibility for completion of actions. 


The Contractor shall: 


• undergo a mobilization audit within 4-6 weeks of mobilization; 


• undergo a quarterly environmental audit approximately three months after their 
mobilization audit, and every three months thereafter; 


• where the contractor scores less than 85% on audits and inspections, undergo a 
re-audit of outstanding actions within four weeks; and 


• undergo a demobilization audit, two weeks prior to demobilizing from the site. 
The Contractor must achieve a score of 100% on the demobilization audit. 


Event Management 


All contractors shall report environmental events, near-misses and potential hazards 
within an agreed timeframe. The definition of the environmental events shall be 
documented and communicated to the Contractor’s personnel. Environmental events 
shall include, as a minimum, actual events or near misses resulting in: 


• A breach of legal & other requirements; 


• Environmental damage (e.g. over clearing); 


• Environmental pollution / contamination; 


• Impacts on flora, fauna, waters (fresh, ground and marine), heritage sites and 
atmosphere; 


• Unapproved discharge to air, land and water; and 


• Public complaints. 


The Contractor shall: 


• Take appropriate immediate actions to minimize the extent of environmental 
damage and pollution arising from events; 


• Notify STAR of the events as soon as possible, and complete a Event Notification 
Form no later than within 12 hours of occurrence of the event; 


• Immediately notify STAR and initiate a full investigation in the case of an event 
with the potential of resulting in a significant incident; resulting in a significant 
environmental pollution or damage, breach of legal and other requirements, or a 
complaint from the public; 


• Investigate all events within 72 hours of the event occurring and submit 
investigation forms to STAR for entering into the Database; and 







STAR RAFINERI AŞ (STAR) 
AEGEAN REFINERY PROJECT (ARP) 
 
000-A-PE-007-0015 - REV A 


  
 
 


ENVIRONMENETAL & SOCIAL MANAGEMENT PLAN --- SITE PREP 


 


11513150061 ESIA 82  
 


• Put in place corrective and preventive actions that are appropriate to the nature 
and scale of the event, and complete these actions within an agreed time frame.   


Corrective and preventive actions shall address the root causes of the event, and 
reduce the probability of event recurrence. Corrective and preventive actions shall: 


• Include the review and/ or revision of the risk register, relevant procedures and 
documentation. The Contractor shall demonstrate to STAR that such changes 
have been communicated and implemented; 


• Assess the effectiveness of corrective and preventative actions as part of the 
event investigation process, particularly for repeat events. The risk register shall 
be reviewed as part of this process. 


The Contractor shall complete all actions for environmental events, near misses and 
hazards before demobilization from site. 


Emergency Response 


The Contractor shall: 


• Identify the events with a potential of significant environmental impacts and 
prepare appropriate response plans for the mitigation of such impacts. As a 
minimum the emergency response plan shall address events and impacts of: 


Fire; 
Major hydrocarbon and chemical spills; 
Natural hazards of flooding and earthquake. 


• Provide adequate equipment and materials to effectively manage emergencies; 


• Demonstrate that such plans are or will be effective through personnel training 
and testing of the plan once every four months; 


• Develop post emergency plans which include a review of the effectiveness of the 
plan, its implementation, and the need for revisions. 


Progress Tracking and Reporting 


The Contractor shall: 


• Provide progress updates to STAR on a weekly basis, as a minimum, which shall 
comply with reporting requirements and the following: 


o environmental training topics and % employee attendance; 


o copies of meeting minutes where environment has been discussed; 


o last and most recent inspection / audit score; 


o progress against completion of corrective actions; and 


o summary of environmental events; 


• Report the following items for the previous month, on the first day of each month: 


o performance against defined objectives and targets for management 
of significant risks; 


o description of environmental initiative/s; 


o amount of waste oil removed from the Site; 


o amount of contaminated soil generated and disposed; 


o amount and type of wastes generated and disposed; 
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o area of land cleared; 


o locations of all stockpiles; 


o amount of area rehabilitated; 


o meter readings for water draw and usage; 


o visual water quality and depth to water level (where required); and 


o volumes of wastewater generated and treated. 


• Provide all environmental related documentation as requested. 


Record Keeping 


The Contractor shall: 


• keep all the records and other relevant documentation to demonstrate 
compliance to Project requirements for the duration of the Contract; 


• make records available during inspections and audits by STAR, its 
representatives, consultants, financers or external auditors; 


• copy the relevant records, and hand to STAR at the completion of the Contract, 
including but not limited to: 


Event reports and Hazard Notification Forms; 


Monthly Reporting Records; 


Training Records; and 


Weed Hygiene Certificates. 


The main responsibilities and the general characteristics of the staff responsible for 
community relations are defined in the above sections. A general outline is provided 
at this stage; however, the exact roles and responsibilities of the community liaison 
team will be further specified within the Public Consultation and Disclosure Plan. 


A Public Consultation and Disclosure Plan (PCDP) was prepared for the planning of 
the stakeholder engagement activities. The Public Consultation and Disclosure Plan 
(PCDP) consist of the following main components: 


• Public consultation during the local environmental impact assessment phase (1st 
Round Consultation); 


• Public consultation and public disclosure during the international environmental 
and social impact assessment phase (2nd Round Consultation); and 


• Public consultation and stakeholder engagement during construction and 
operation phases. 


2.5 ENVIRONMENTAL SOCIAL ACTION PLAN 


For the environmental and social action plan is See Attachment 1 --- Environmental 
and Social Action Plan (ESAP) 
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3.0 ESMP GRIEVANCE MECHANISM 


The grievance mechanism is a procedure through which communities and individuals 
affected by the STAR Project’s activities can formally communicate their concerns 
and grievances to the Owner and facilitate resolutions that are mutually acceptable 
by the parties, within a reasonable timeframe. 


All the Project stakeholders will be encouraged to submit written grievances to the 
Owner’s Community Relations Officer (CRO) and should be reassured that written 
submissions will not be used in any way to intimidate those submitting the 
complaints.  The Owner’s CRO will be the person responsible for coordination of 
stakeholder engagement activities and management of the grievance procedure. 
CRO will not have the direct authority to resolve grievances, but rather will work with 
a team of managers to collect accurate information about a given issue, share it with 
appropriate senior management, and communicate the resolution back to the person 
submitting the grievance. 


Grievances might be submitted using three different ways: 


• Written or verbal communication to the Contractor CRO. 


• Written or verbal communication to Owner CRO; and 


• Written communication through the Muhtars to Owner’s Community Relations 
Team (CRT); 


A grievance form will be prepared for the submission of written grievances through a 
letter or e-mail. The grievance form will include the following basic information: 


• Name of the submitting person; 


• Name of the organization and position, if relevant; 


• Address; 


• Telephone/Fax and e-mail; 


• Preferred means of response; and 


• Details of the complaint (any important details; date of the incident, location, etc.). 


Below is the process to be followed in the event of receipt of a complaint from the 
local community: 


• All grievances will be documented to make sure problems are accurately 
understood and handled appropriately.  Owner CRT will register the received 
grievance and record the verbal grievances in writing. 


• All formal grievances will be responded with a formal reply within three weeks (15 
working days). 


The formal response will provide additional information or, if appropriate, further 
instructions on proposed measures to resolve the issues. 


• Written submissions will not be used in any way to intimidate the person or 
organization submitting the complaint. 


• As a general rule, names of persons submitting a grievance will be kept 
confidential unless a grievance is made in a public meeting. Only the number of 
grievances and the general nature of complaints will be regularly reported. This 
information will be summarized in a grievance registry, but personal information 
will be kept private. 
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• Grievances received anonymously will be treated as comments or issues and 
recorded, but no formal response will be issued. 


• While efforts will be made to resolve all grievances amicably, if a grievance 
cannot be resolved by the Owner, the Owner will seek to involve other external 
experts, neutral parties or local and regional authorities, as necessary. 


Grievances will be recorded in a grievance registry as provided in Table A-6 of the 
ESIA. 


3.1 Community Complaints and Grievance Mechanism 


The objective of the Grievance Mechanism is to demonstrate responsiveness to 
stakeholder needs and facilitate a trustworthy and constructive relationship.  
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Table A-6: Complaint Management and Grievance Registry 


  


Date of Record  


Aggrieved Person(s)  


 


Source of Grievance  


 


Grievance Details  


 


 


 


 


 


Redress Approach/Action  


 


 


 


 


 


Internal Action Party  


 


 


External Action Party  


 


Status   


 


Monitoring  


 


Close out Date  
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3.2 Monitoring and Reporting 


Reporting progress of stakeholder engagement will form part of the Community 
relations and social impact management (CRSIM) and will act as a monitoring tool to 
assess performance on CRSIM. This reporting mechanism will inform the STAR 
management team members of the progress made in implementation of the 
stakeholder engagement plan. The sample chart below describes reporting 
requirements for the community liaison team: 


 


 


WHAT to REPORT FREQUENCY 


Community Incidents Same day 


Community Complaints and/or disputes  Within 1 day of the complaint 


Community liaison activities carried out  Weekly 


Planned community liaison activities  Weekly 


Performance against targets  Monthly 


Summary of meeting with local authorities  Within 2 days of the meeting 


 


 


3.3 Public Consultation and Disclosure during Construction 


The main objective of the program during this phase is to maintain ongoing positive 
community relations and ensure that all interested stakeholders/parties will be kept 
informed on all Project activities. 


STAR Community Relations Team (CRT) will be responsible for organizing and 
implementing these relations and consultation activities. The team will use various 
channels to reach to the local people in order to encourage them to participate in the 
meetings, such as bulletins, announcements at the local newspapers and radios. 
STAR CRT will meet the Muhtars in Aliağa before a disclosure and engagement 
meeting, to inform them about the objectives and contents of the activities and to 
ensure they will support the consultation and engagement activities. 


Construction Phase 


Pre-Construction: STAR CRO will arrange a public meeting with community 
members. This meeting will be open to all community members; the number of 
participants is not pre-planned. 


If the number of participants is too much to complete the meeting in one session, the 
number of meetings will be increased. The meeting will constitute an opportunity to 
explain and discuss project related community issues associated with the 
construction activities and to assess expectations regarding benefits and 
opportunities that may emerge from the project. 


Construction: STAR and Contractor CRT will hold regular engagement sessions on a 
monthly or bi-monthly basis with the community throughout the construction period to 
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ensure that a continuous dialogue with the affected communities is maintained by 
keeping them informed and sharing views and ideas. 


Consultation Method 


Table A-3 and Table A.7 lists the stakeholders that are to be engaged during the 
construction and operation periods. The table includes only generic information on 
the objectives and method of engagement. For each stakeholder engagement 
session in a given locality, a more detailed agenda will be prepared depending on the 
topics that need to be articulated, project requirements at a given time and any 
impromptu issues. The agenda will identify the community members that will be 
engaged, exact timing, date, topics to be discussed etc. 


Table A-3: List of Project Stakeholders 


 


Stakeholder 
Group 


Stakeholder 
Category 


Stakeholder Sub-Category Potential Role 
in the Project 


Communities 


National 
Community 


General Population of Turkey  
 


Low 


Affected 
Settlements 


Aliağa District Center Population  
 


High 


Governmental 
Organizations 
 


Regional 
Governmental 
Organization 
 


Izmir Provincial Directorate of Health  Low 
Aliağa District Directorate of Agriculture  Low 
Izmir Provincial Department of Environment 
and Forestry  


Low 


Aliağa Municipality  Low 
Aliağa District National Education 
Directorate  


Low 


Aliağa District Governorship  High 


National 
Governmental 
Organization 
 


The Ministry of Environment and Forestry  Low 
The Ministry of Culture and Tourism  Medium 
The Ministry of Industry and Trade  Medium 
The Ministry of Energy and Natural 
Resources  


Medium 


The Ministry of Health  Low 
The Ministry of National Education  Low 


Non- 
Governmental 
Organizations 
 


Regional 
NGOs 
 


Aliağa Culture and Solidarity Association  
 


Medium 


Petrol-Is Trade Union Aliağa Branch  Medium 
Aliağa Education and Development 
Foundation (ALGEV)  


Medium 


Aliağa Social Solidarity Foundation  Low 
Kemalist Thoughts Association Aliağa 
Branch  


Low 


Aegean Conservation of Natural Life 
Association  


Low 


Foça Friends of Environment Association  Low 
CHP Aliağa District Organization  Medium 
AKP Aliağa District Organization  Medium 
Aliağa District Center Chamber of Industry 
and Commerce  


Low 


National NGOs 
 


Chamber of Environmental Engineers  Medium 
The Union of Turkish Engineers and 
Architects (TMMOB)  


Medium 


TEMA Foundation  Low 
DOGCEV Association Low 
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Doğa Association  High 
ÇEKÜL Association  Low 


International 
NGOs 


Greenpeace Low 
WHO  Low 


University and 
Other 
Independent 
Experts 


Universities 


Ege University  Low 
Dokuz Eylül University Low 
Izmir University of Economics  Low 
Izmir Institute of Technology  Low 
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Table A-7: Stakeholder Consultation and Disclosure Method during Construction 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Proponent Objective 


- Collect preliminary data and 
information,  


- Initial liaisons with 
stakeholders and 
identification of affected 
communities. 


- Inform stakeholders on the 
planned project  


- Collect bottom up insights, 
experiences and 
expectations of local 
communities from the 
project. 


- Further inform stakeholders  


- Share information collected 
and analyzed in the ESIA 


- Explain and discuss issues 
associated with the planned 
construction activities  


- Inform local stakeholder on 
the progress of the work 


- Maintain positive and 
continuous dialogue with 
local community 


- Give answer to possible 
complaints or grievances 


- Maintain positive and 
continuous dialogue with 
local community 


- Allow suggestions and 
comments from local 
communities 


- Give answer to possible 
complaints or grievances 


- Inform local stakeholder on 
the outcomes of the ESIA; 


- Incorporate possible 
suggestions and comments 
before final decisions are 
taken. 


Phase 


Baseline 
investigations and 


field research 


Local impact 
assessment phase 


(EIA) 


International 
assessment phase 


(ESIA) 


ESIA finalization 


Operation  


Construction 


Pre-construction 


Action 


- Identification of 
possible 
stakeholders; 


- Preliminary 
contacts and 
informal 
interviews 


- ESIA public 
disclosure 
meeting 


- 1st round 
consultation 


- 2nd  round 
consultation 


- Public meeting  


- Regular 
engagement 
sessions on a 
monthly or bi-
monthly basis 
with the 
community   


- Grievance 
Mechanism 


 


- Community 
consultation 
conducted on a 
monthly basis 
for the  first 6 
months and 
then 4 times a 
year.  


- STRAŞ CRT 
dedicated 
telephone line  


- Grievance 
Mechanism 


- ESIA Consultant 


- Environmental 
and Social 
Officer (ESO) 


- ESIA Consultant 


- Owner 
representatives 


- ESIA Consultant 
- Owner 


representatives 
 


- Owner 
representatives 


-  


- STAR 
Community 
Relations Officer 
(CRO) 


- EPC Contractor 
CRO 


- Community 
Relations 
Assistants 
(CRA) 


- STAR 
Community 
Relations Team 
(CRT) 
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4.0 HSES ORGANISATION --- ROLES and RESPONSIBILITIES 


The efficient implementation of an HSE Management System requires a well-defined 
organization and clearly described responsibilities particularly for HSE. 


Every project party involved in the project shall define their organization for the 
project for the execution of the HSE related activities to be in compliance with HSE 
requirements of the project.  


In that respect the ultimate responsibility of performing the project activities in line 
with Project Environment, Health, Safety and Social requirements lie with the project 
owner i.e. owner project management. 


The STAR project Owner organization for Health, Safety, Environment and Social is 
given in Figure 3. 


4.1 The Project Management 


The Owner Project Management will: 


• Provide resources the implementation of the Project Environment, Health, 
Safety and Social Management System described ; 


• Encourage the proactive involvement of all project personnel in executing the 
management program; 


• Verify that employees are aware of and understand their Environment, 
Health, Safety and Social Management System responsibilities; 


• Oversee Environment, Health, Safety and Social performance on the project. 


4.2 HSE Manager 


For the day to day implementation of the management system elements, STRAŞ will 
appoint an Health, Safety and Environment (HSE) Manager reporting to the project 
management. The HSE Manager will: 


• Report to the STAR Management on the H&S performance of the site teams; 


• Audit the HSE teams of the Owner at site; 


• Ensure that the HSE training programme is in place; 


• Establish a safety committee representing the various trades. The Committee 
will meet periodically, to discuss safety issues and make recommendations. 
The Committee shall be involved in site safety inspections; 


• Monitor the performance of the H&S programme and initiatives introduced 
throughout the project; 


• To liaise with the Site Engineering and Construction/site preparation 
Supervision to ensure that he is involved and kept informed of all site 
activities, including work method statements and risk. 


4.3 Environmental and Social Officer (ESO) 


There will be an Environmental and Social Officer (ESO) for the Project reporting to 
the HSE Manager in the beginning of the pre-construction/site preparation activities.  


The ESO will: 


• Supervise the implementation of overall environmental and social mitigation 
activities defined by the ESMP; 
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• Be the STAR point of contact for Contractors as well as for Project 
stakeholders including the Governmental Authorities, Municipality, NGOs and 
the local community; 


• Provide Environmental and Social  Administrative support for the HSE 
Manager; 


• Coordinate and maintain the preparation of plans, procedures, work 
instructions etc.; 


• Manage and audit the personnel under his control and ensure they have the 
required training; 


• To establish an inspection/audit scheme and review the results of 
inspections/audits and identify any issues and deficiencies, to be brought to 
the attention of the management. 


The Contractors will report to ESO all the environmental and social issues and 
performance related to the Project. 


4.4 Community Relations Officer (CRO)  


The CRO (reporting to the ESO), will act as an interface between STAR, contractors 
and the local community. He/she will function as a focal point for resolution of 
community complaints and grievances, and will also organize required meetings with 
the national/regional authorities. While implementing the community liaison program, 
he/she will organize meetings with the national and regional authorities on issues 
related with the project. STAR CRO will provide advice and support to the Contractor 
CRO about the emerging community issues. STAR CRO will record community 
related issues and report the activities of community liaison.  


4.5 Auditing Supervisor 


The Auditing supervisor will ensure the project works have been audited at routine 
intervals against the project requirements. 


The auditing supervisor will report to the ESO. 


4.6 Health and Safety Officer 


The Health and Safety Officer will; 


• Provide H&S Administrative support for the HSE Manager 


• Coordinate and maintain the preparation of plans, procedures, work 
instructions etc. 


• Manage and audit the safety personnel under his control and ensure they 
have the required training. 


• To establish an inspection/audit scheme and review the results of 
inspections/audits and identify safety issues and deficiencies, to be brought to 
the attention of the management.  


• Co-ordinate the investigation of any incident and identify any trends relevant 
to incident investigations  


• Perform / Update assessments of health risks 


• Prepare the Project Medical Plans and Procedures 


• Review Contractor Plans, Procedures, Work Instructions, Method Statements 
and Risk Assessments, including TSA’s 
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4.7 Health Supervisor 


The Health supervisor will: 


• Review the results of inspections of the site to identify health or medical 
issues and deficiencies, and to advise the Health and Safety Officer. 


• With support of contractor Project Medical Services and appropriate 
subcontractors, coordinate the preparation of Health and Medical procedures  
for the site preparation phase activities 


• Supervise all health related issues in accordance with subcontractors 


• Monitor and track all personnel Health and Medical issues, associated with 
the Project  


4.8 Safety Supervisor 


The Safety Supervisor will: 


• Interpret the requirements of the other H&S Plans, Procedures, Work 
Instructions etc. for the benefit of the Site Managers 


• Confirm with the Site Manager the potential severity of all Incidents, 
specifically Near Miss incidents 


• Act as a team member of all Incident Investigation committees 


• Participate in Site Audits / Inspections in conjunction with the Project Audit 
and Inspection Programme 


• Coordinate the training programme for the site safety inspectors 


• Develop, assist and conduct on-site H&S training for all levels of personnel 
ensuring a consistent  


• Conduct daily H&S inspections of all worksite and storage areas associated 
with the site works programme 


• Collate all Key Performance Indicator data and transmit on a weekly basis  


• Attend toolbox talks on a regular basis  


• To participate in daily site  meetings 


4.9 Inspectors and Firefighting Team 


They will be directly report to the Safety Supervisor.  


The inspectors will be actively performing the scheduled site inspections and report 
the findings to the Safety Supervisor. 


The Firefighting team will be responsible to take the necessary actions during 
emergency situations. 


4.10 Contractor Organisational Requirements 


The Contractors will report to HSE all the Environmental and Social and Health and 
Safety issues and performance related to the Project. 


In the execution of the works under the Construction/site preparation Contracts, the 
Contractor shall comply with the relevant environmental requirements detailed herein 
and the project EIA and ESIA. The Contractor shall implement and demonstrate 
compliance with these requirements at all times. Unless notified as exempt from 
STAR, Contractors must submit an Environmental Management Plan (EMP) that 
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meets STAR’s Minimum Environmental Standards for Construction/site preparation 
Contracts and specific project requirements stated in this document. The Contractor 
shall appoint an Environmental Representative (ER) for the Project Site; and 
nominate an Alternate ER to delegate the responsibilities when the appointed 
representative is off site. Contractor’s personnel shall receive a Project Site induction 
including Project’s environmental requirements delivered by STAR, prior to 
commencing work on site. Contractor’s personnel, who will have jobs with significant 
environmental risks, shall receive a specific environmental training in addition to the 
induction. This training shall be delivered by the Contractor, with the support of STAR 
ESO.  


The Contractor’s appointed ER is responsible for internal environmental site audits 
and inspections. Non-conformances and hazards identified by the Contractor during 
inspections shall be documented, addressed with appropriate corrective and 
preventive actions. All active work areas shall be inspected by the Contractor’s 
supervisors on a weekly basis as a minimum. All contractors shall report 
environmental events, near-misses and potential hazards within an agreed 
timeframe. The definition of the environmental events shall be documented and 
communicated to the Contractor’s personnel. Take appropriate immediate actions to 
minimize the extent of environmental damage and pollution arising from events. 


The Contractor shall identify the events with a potential of significant environmental 
impacts and prepare appropriate response plans for the mitigation of such impacts. 
As a minimum the emergency response plan shall address events and impacts of 
major hydrocarbon and chemical spills, natural hazards of flooding and earthquake, 
and fire; and provide adequate equipment and materials to effectively manage 
emergencies. 


Regarding the detailed HSE Management system elements, organisational 
requirements of the contractor is given in the following sections. 


The interaction between the project Owner and the Contractor is given in Figure 4.  


4.11 PMC HSE TEAM 


The project management consultant will establish and HSE team composed of PMC 
HSE Manager and PMC HSE officer.  


They will report to the STAR HSE Manager and provide guidance and assistance to 
the STAR HSE Manager for the establishment, implantation, maintenance and 
monitoring of the project HSE Management system, programme and the action plan. 
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STAR ARP MANAGEMENT


PMC HSES MANAGER


STAR HSE MANAGER


HEALTH and SAFETY
ENVIRONMENTAL and 
SOCIAL OFFICER


PMC HSES OFFICER


HEALTH SUPERVISOR SAFETY SUPERVISOR


INSPECTORS FIRE FIGHTING TEAM


COMMUNITY RELATIONS 
OFFICER


AUDITING SUPERVISOR


 


 


Figure 3 Organisation chart of project Owner 
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Figure 4 Interaction with Owner and Contractor organizations 
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5.0 CONTRACTOR HSES MANAGEMENT SYSTEM 
5.1 General 


The Site Preparation Contractor’s corporate HSES Management System will provide an 
integrated tool—a set of “requirements documents”— to execute the Contractor’s 
commitment to continually improving HSES performance. 


Contractor practices will meet––or wherever practical surpass––the relevant statutory 
requirements, codes of practice, guidance notes, industry codes and standards.  These 
corporate documents must be used to develop Site-Specific HSES procedures and 
plans, and will be made available to JV Partners and Subcontractors for them to adopt 
and implement the JV’s HSES Management System. 


This approach provides consistency and control in the management of HSES risks.  
Specific Site procedures and plans may be more stringent than the corporate practices.  
The more stringent of comparable requirements documents will be used. 


5.2 Legal Requirements 


Contractor is responsible to verify that pertinent legislative and corporate governance 
requirements, including contract requirements, are met in each specific office or Site-
specific procedure. 


5.3 Aliaga Community 


Site Preparation Contractor has a prime responsibility to meet its obligations to the 
Aliaga Community as defined in the Environmental Social Impact Assessment (ESIA). 


The Site Preparation Contractor Community Relations Officer (CRO) will organize and 
participate in the meetings with the local communities prior to arrival of construction 
team to a given locality. During the construction period, he/she will, along with Owner 
and the Owner’s Representative, regularly meet with the community members about the 
resolution of community issues. The Site Preparation Contractor CRO will be 
responsible to keep records of all consultation and communication activities with the 
local community and the complaints and grievances of the local community.  He/she will 
not only function as a reporting mechanism but also as a tool to help resolution of the 
grievances. 


Grievances will be received and processed as per the ESIA (Reference ESIA Sections 
G.4-6 and G.4-7). 
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6.0 POST-EVENT      


a. Reporting 


All incidents including fires, explosions, material damages, lubricant or chemicals 
leakage and important accidents in which an employee is injured should be reported to 
the Contractor’s Occupational Health and Safety Manager. 


b. Press Relations 


The followings should be ensured about the press/public relations regarding the 
emergencies: 


• It should be ensured that in the facility, a person is designated to be responsible for 
the press relations and all relations should be carried out by him/her. 


• This person should be trained in press relations. 


• An assistant should be designated to assist with the person responsible for press 
relations in the written and oral press statements. 


• All press statements should be made and approved by the STAR ARP Manager. 


• A procedure should be established to restrict the entry of the press into the site. 


• Generally, nobody but the response teams should be permitted to enter into the site 
during the incident. 


• A procedure should be established to address the requests of the employees and 
their families. 


• Procedures should be established to use the press effectively for stating the need in 
the emergencies and the current situation. 


• Procedures should be established to address the requests and concerns of the 
employees and public after an emergency. 


• Procedures should be established to address the questions about the chemical or 
smoke intoxication which can be prepared by the public and emergency authorities. 


It should be ensured that all employees are informed via a form entitled “I’ve read and 
understood the Site Emergency Response Plan” (this form should include 
Contractor/Department, Name and Surname, workplace, signature and date.) 
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PURPOSE 


This document identifies and presents in some detail the strategies for 
executing the Environmental & Social Management Plan on the STAR 
Aegean Refinery Project (ARP) that are common to office, 
engineering, and Site Services. 


SCOPE 


This document includes references to practices and procedures that 
will assist in the Continuous Improvement Programme to achieve 
World Class Health, Safety, Environmental and Security performance.  


APPLICATION 


This document applies to Owner, PMC, Contractor and all APR 
employees. 


DEFINITIONS 


None 
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1.0 INTRODUCTION 


1.1 Objectives 


The Environmental and Social Management Plan (ESMP) for the Aegean Refinery 
Project (ARP) will be facilitated by Project-specific Environmental and Social Policies 
including overall principles towards environment, biodiversity, labor, health and 
safety, and public health issues. The HSES policies and ESMP will ensure that the 
Project: 


• complies with all applicable Turkish legislation as well as Equator Principles and 
relevant IFC EHS Guidelines; 


• implements internationally recognized best management/industry practices and 
best available techniques to minimize potential environmental and social impacts 
during the construction, operation and closure phases; 


• complies with the commitments addressed in the ESIA to minimize the expected 
potential environmental and social impacts; 


• adheres to high standards of safety and care for the protection of the employees 
and public; 


• promotes its policies through training, supervision, regular reviews and 
consultation; 


• maximizes the use of local and regional labor forces to the extent feasible, to 
maximize local socioeconomic benefits; 


• implements a stakeholder engagement program to engage the local community 
in the Project activities at all phases; and 


• supports and participates to any regionally decided protection, mitigation and 
monitoring plans for Aliağa. 


1.2 Project Description    original text by Fluor 


STAR Rafineri A.S. aims to construct and operate a refinery, which has the capacity 
of processing 10 million tons crude oil per year, in Aliağa County of İzmir Province, 
within the scope of Aegean Refinery Project (ARP). 


The plant to be constructed is a high-standard energy transformation refinery 
generating petrochemical raw materials and automotive fuel. For this purpose, it is 
planned to establish a configuration, which is flexible enough to process various 
kinds of oils including Ural, Iranian Heavy, Azeri Light and Kirkuk crude oils. 


Main products to be generated at the refinery primarily comprise light and heavy 
naphtha that would meet the crude oil needs of Petkim and LPG, jet fuel/kerosene, 
ultra low sulphur diesel (ULSD) and sulphur that would be introduced to both national 
and international markets. Petkim’s existing storage, transportation, energy and port 
facilities, and liquid and solid waste disposal facilities will be used to provide service 
and support for the refinery and capacity of these facilities will be increased when 
necessary. 


Having supplied intermediate materials for Turkish industry as a strategic and the 
unique petrochemical plant of Turkey, Petkim’s raw material needs will be met in an 
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economic and safe way by this project; moreover, high-quality fuel oil and other 
petroleum products will be supplied to all parts of the country, notably to the regions 
neighbouring on the project site.  Another main purpose of the project is fuel oil 
products export by sea. 


The project site, which is designed to be located in İzmir province, Aliağa County, 
Arapçiftliği site, remains in the existing facilities of Petkim Aliağa. The area of land 
containing the project site is private-registered land of Petkim; and the said project 
site has been let out to STAR Rafineri A.S. for a tenure of 49 years with the aim of 
maintaining the continuity of Petkim’s production, removing foreign-source 
dependency in raw material provision and ensuring raw material reliability in this way, 
benefiting from a large number of synergies to be created by refinery-petrochemical 
plant integration, establishing a petroleum refinery within the frame of sustainability 
strategy and constructing auxiliary plants, tanks and lines that might be necessary for 
the said refinery. 


Designated project site is located on an area of 1.375.000 square meters northwest 
of Petkim Aliağa facilities.  The site is surrounded by Turkish Petroleum Refineries 
Corporation (TÜPRAS) Aliağa facilities in the north, land belonging to Petkim in the 
west and supplementary lands for further expansion in the south. Petkim Port is also 
located in the south of project site. 


1.3 Health, Safety and Environmental Management 


The Client’s intention during project construction is to achieve a World Class HSES 
performance. To realize this aim, ARP personnel will work as a team and address 
HSES areas of concern in a positive manner, recognize any shortcomings and assist 
individuals in raising the standards of HSES. 


HSES will be led by senior line management with clearly established HSES 
objectives and will target and encourage a team approach of regular feedback and 
interaction with the workforce. Work procedures will adopt a practical approach, but 
no lowering of standards will be acceptable and the teams will be dedicated to 
continuous improvement, and reinforced by comprehensive HSES training programs. 
Additionally, Client will cooperate with the Ministry of Labor’s Work Inspector on 
health and safety inspections and adhere to other HSES provisions mandated by the 
Labor Law.  


HSES performance will be monitored by audit and inspection programs, behavioral 
based HSES observations and the use of proactive performance indicators. The 
target for the Total Recordable Case Frequency (TRCF) during construction will be 
less than 0.25 with zero lost time incidents. 


The environmental requirements (organizational capacity, training, ongoing 
community engagement, and monitoring) for ARP will be captured in the individual 
Environmental Management Plans (EMPs) compiled by the Engineering, 
Procurement & Construction (EPC) Contractor and the EPC’s Subcontractors 
respectively. These EMPs will fully comply with International Finance Commission 
Performance Standard 1 Guidance Notes, and will be consistent with this EMP.  
Each contractor will be responsible for compliance with the mitigation, monitoring and 
reporting requirements associated with the impacts related to each plant in the 
complex.  Client will have overall responsibility for compliance with this ESMP 
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through oversight of the individual contractors to ensure that the actions identified in 
the Environmental and Social Action Plan are completed during construction, and 
that proper documentation of monitoring and compliance requirements are met.  
Client will maintain overall control in dissemination of information to affected 
communities, regulatory agencies and lenders, including monitoring reports, audits, 
reviews, and periodic assessments of the effectiveness of the management program. 


Client line management will be trained in all aspects of the HSES process, and they 
will endeavor to ensure that new HSES programs introduced will be made available 
to all employee levels.  This approach will gain critical team ‘buy-in’ to the program 
and encourage ongoing observation and feedback. Participation will exist on five 
potential levels – project-wide, contractor, supervisor, work team, and individual – 
with everyone committed to continuous improvement. 


Orientation/Induction training and awareness courses will be actively encouraged. 
The EPC Contractor and EPC’s Subcontractors will provide training in fundamental 
environmental and social topics, including, but not limited to, air and water quality, 
waste management, hazardous materials management and health and welfare. 
Furthermore, the environmental design basis will adhere to the laws and regulations 
of Turkey, Equator Principles, Client, and IFC EHS Guidelines.  Site work will comply 
with all current Turkish laws and regulations regarding health, safety, security, and 
industrial hygiene. 
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2.0 ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN 


The Environmental and Social Management Plan (ESMP) developed for the Aegean 
Refinery Project consists of the following three individual plans: 


Environmental Management Plan ensures that all Project interactions with the 
physical and biological environment are managed effectively to minimize the 
Project’s residual impacts on the environment. This also includes opportunities to 
enhance environmental benefits through environmental programs. 


Labor and Health & Safety Management Plan ensures that the working conditions 
and activities engaged by the employees are conducted in a way that minimizes 
potential sources of hazards to the human health and safety. 


Social Management Plan ensures that all Project interactions with the community 
are managed effectively to minimize the Project’s residual impact on local, 
regional and national community as well as cultural heritage while maximizing the 
potential benefits. 


The plans are further separated into the plans for the construction, operation and 
closure phases of the Project life, including required mitigations as well as monitoring 
to evaluate the performance. 


The ESMP included here provides a framework for the general management issues. 
As the Project progresses, details of the ESMP will be further developed. 
Management plans and specific work instructions necessarily become increasingly 
detailed and technical at deeper levels within the planning hierarchy. A phased 
approach to the development of these plans is required to ensure that they are 
optimal for their purposes. An extreme example of this need concerns closure, where 
a progressive approach to plan development will ensure that up to date practices are 
implemented at that future time. 


Table A-1 summarizes the breakdown of the individual management plans in the 
ESMP. Specific plans will be developed for main discipline components and sub-
components as required for the Aegean Refinery Project and each phase of its 
development. The ESMP will ensure that management plans and specific work 
instructions are available for staff and contractors as required in advance of 
construction, operations and closure. 


 







STAR RAFINERI AŞ (STAR) 
AEGEAN REFINERY PROJECT (ARP) 
 
000-A-PE-007-0028__ - REV A 


  
 
 


ENVIRONMENTAL & SOCIAL MANAGEMENT PLAN --- EPC 


 


  


11513150061 October 2012 108  


 


Table A-1 : Hierarchy of Management Plans within the ESMP 


Environmental Management 
Plan 


Physical  
 


Air 


  Natural Hazards 
  Noise 
  Soils 
  Traffic 
  Waste 
  Water 
 Biological  Aquatic Ecology 
  Biodiversity and Protected 


Areas 
  Fauna 
  Flora 
Labor and Health & Safety 
Management Plan 


Labor  Employment - Human 
Resources 


  Grievance 
  Working Conditions 


 
 Health & Safety 


 
 


Social Management Plan  
 


Social Archaeology and Cultural 
Heritage 


  Socio-Economics 
 


2.1 ENVIRONMENTAL MANAGEMENT PLAN (EMP) 


Environmental and Social reporting is a requirement of the IFC and will be carried out 
by STAR ARP on an annual basis, as a minimum.  An environmental and social audit 
will be carried out by a third party and a report will be prepared including the 
compliance status of the environmental and social issues against the regulatory 
framework and Aegean Refinery Project commitments and the status of the 
performance indicators. 


2.1.1 Proposed Environmental Mitigations and Management for Construction 
Phase 


This section summarizes main mitigation and monitoring activities proposed by the 
ESIA for minimum environmental management requirements towards potential 
environmental issues during construction phase of the Project. 


Proposed environmental mitigation measures and monitoring activities during the 
construction phase of the Project are summarized ESAP matrix 
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2.1.1.1 ENVIRONMENTAL PLANNING 


Contractor is required to follow the recommendations in the Environmental Impact 
Assessment (EIA) and Environmental Social Impact Assessment (ESIA) when 
considering its environmental planning.  Environmental Planning is required for the 
STAR Project for the discharge or emission of pollutants, contaminants, hazardous 
substances, or wastes into the environment (air, water, or land).  The degree to 
which environmental planning is implemented and the effort required depends on 
regulatory permitting, due diligence, or environmental assessments. 


Contractor must address environmental issues to ensure compliance with all Turkish 
national and international regulations.  Contractor’s scope may involve the 
application for, and acquisition of, appropriate regulatory permits or involves assisting 
the Owner in the permitting process by providing the Owner with information required 
by the regulations and/or the regulatory agency. 


Turkish national and international environmental codes and regulations, industry 
standards, and the Owner’s environmental documentation (such as permits, plans, 
assessments, notices, and consent decrees), must be reviewed at the start of the 
STAR Project.   


Contractor’s environmental plan will include but not be limited to: 


2.1.1.2 Water Quality 


Construction activities that have the potential to affect water quality of water 
sources in the vicinity of the project/site, including perched water tables, 
ground water, surface water, storm water, dikes, lakes, or river. 


2.1.1.3 Air Quality, Including Dust, Emissions, and Odors 


The potential affect construction activities that will have local air quality or 
cause environmental nuisance to local residential areas and surrounding 
commercial activities.  Adoption of appropriate control measures, monitoring, 
and close liaison with the Owner are required in the mitigation of these 
impacts. 


2.1.1.4 Noise and Vibration 


Environmental nuisance caused by potential construction activities to the 
Owner facility, the community and local wildlife.  Adoption of appropriate 
control measures, monitoring, and close liaison with the Owner are required 
in the mitigation of these impacts. 


2.1.1.5 Waste Management 


Contractor will design and implement an effective waste management plan on 
the STAR Project, thereby complying with all waste management legislation.  
Contractor where possible will introduce waste minimization objectives. 


2.1.1.6 Traffic Management 


Depending on the site location and the nature of the construction activities to 
be undertaken, there are a number of traffic management considerations that 
may need to be recognized and planned, including the potential for traffic 
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movement associated with construction activities.  Traffic movements can 
impact existing Owner operations and the community through: 


• Access; 


• Congestion; 


• Heavy Plant, Machinery and Vehicles (including Man-Machine Interfaces); 


• Laydown Areas; 


• Noise; 


• Vehicle parking (Reverse parking will be adopted on the STAR Project). 


The main mitigations for traffic will include: 


Scheduling of traffic: 


To avoid peak hours on local roads. 


• Scheduling Project traffic for daylight hours, where possible, to minimize 
sleep disturbance by increased noise events (this has been assumed in 
the analysis). 


• Scheduling large vehicle (trucks and buses) trips as convoys to reduce 
the number of times per day a disturbance may occur, if this option is 
preferred by noise receivers; and 


• Maintaining vehicles in good condition to ensure they are no louder than 
other, similar vehicles on the roadways. 


• Adopting best transport safety practices with the goal of preventing traffic 
accidents and minimizing injuries suffered by project personnel and the 
public. 


• Emphasizing safety aspects among project drivers; specifically ensure 
drivers respect speed limits through built areas and urban centers. 


• Ensure contractors regularly maintain vehicles to minimize potentially 
serious accidents caused by for example, brake failure commonly 
associated with loaded construction trucks. 


It has to be noted that there is already a traffic safety management procedure 
for the project. 


 


2.1.1.7 Contaminated Land 


Contractor will carry out soil sampling to determine if there is contaminated 
land on the proposed construction Site.  Previous activities on the site may 
have resulted in the contamination of the soil and/or ground water. 


Sufficient soil sampling will be undertaken to evaluate the site conditions and 
if contaminated soil is identified then the appropriate measures will be taken 
to excavate and dispose of the contaminated soil, (under permit), before 
commencement of work. 
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2.1.1.8 Public Relations and Liaison 


Owner and Contractor Management will establish and maintain good public 
relations at all times.  Any complaints will be handled swiftly, and where 
appropriate, remedial action will be taken. 


2.1.1.9 Wildlife Flora and Fauna and Natural Features 


Contractor will determine the potential affect to wildlife flora and/or fauna and 
natural features during construction.  


In very sensitive locations, it may be necessary to avoid disturbance.  
Examples are: 


During particularly sensitive times of year such as hibernation or mating 
seasons; 


Indigenous heritage/areas of significance/sacred sites; 


Nature preserves; 


Protected Species. 


2.1.1.10 Visual Intrusion, Signs, and Lighting 


Contractor will give due consideration to the visual impact of any signs 
erected in the local environment. 


In addition, consideration must be given to the impact of high-powered 
lighting on the local community. 


2.1.1.11 Archaeology 


Archaeological remains are irreplaceable and are a valuable part of a 
country’s national heritage.  During excavation operations if any 
archaeological artifacts are uncovered then all construction activities in this 
area must be stopped and the Turkish authorities informed.  


Contractor should undertake an archaeology study of the proposed Site’s 
history during the planning stage. 


It has to be noted that there is already a project procedure for chance finds. 


 


2.1.1.12 Site Housekeeping 


Contractor will implement an effective housekeeping programme as an 
integral part of its Safe Systems of Work.  The minimum arrangements for 
worksite housekeeping during a construction project, may include, but not be 
limited to: 


Adequate supply of waste product containers; 


Regular garbage disposal; 


Regular inspection of worksites; 


Segregation of waste; 


Spill cleanup program. 
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2.1.1.13 Hazardous Substances 


Contractor will prepare for Owner’s review a Hazardous Waste Management 
Plan which will address the following items as a minimum: 


• Local Legislation; 


• A Register of all hazardous substances to be used on the STAR Project; 


• International Industry Best practice Guidelines; 


• Owner’s roles and responsibilities 


• Contractor’s roles and responsibilities; 


• Management, mitigation and monitoring for storage; 


• Transport, handling and disposal of hazardous substances; 


• Key performance Indicators for monitoring and verification. 


2.2 LABOUR and HEALTH and SAFETY MANAGEMENT PLAN 


The ARP Project will employ a Labor and Health & Safety Management Plan that will 
ensure the compliance with applicable Turkish Legislation, Equator Principles and 
IFC EHS Guidelines and Standards. 


A labor / human resources management system will be established to manage labor 
rights, security and health issues. An employee grievance mechanism will be 
established during construction and operation phases. 


Working conditions and Terms of Employement will be applied to migrant and 
temporary workers including camp services. 


A health and safety management system employing site and work specific health & 
safety procedures and instructions will be established. The procedures will include 
but not be limited to the following issues: 


• Electrical Works; 


• Fall Protection; 


• General Health & Safety Procedures; 


• Hot Works; 


• Lock Out Tag Out; 


• Personal Protective Equipment Usage; 


• Portable Appliances; 


• Procedures Related to Working Environment and Industrial Hygiene (noise, 
vibration, heat, etc); 


• Working at Height; 


• Working in Confined Space; etc. 
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2.2.1 LEGISLATIVE REQUIREMENTS 


a) Turkish National Environmental Legislation 


The Turkish legal framework for environmental protection was developed in line with 
national and international initiatives and standards, and some of them have been 
revised recently to be harmonized with the EU Directives in the scope of pre-
accession efforts of Turkey to the EU. In the following sections, related institutions, 
legislation, process and procedures that are related to the environmental and social 
aspects of the proposed project are described.  


The Ministry of Environment and Urban Planning is the responsible organization for 
the issuing and implementation of policies and legislation adopted for protection and 
conservation of the environment, and for sustainable development and management 
of natural resources.  


The Turkish Environmental Law No. 2872, which came into force in 1983, addresses 
environmental issues on a very broad scope. According to the basic principles that 
govern the application of the Environment Law, and as stated in the Constitution, 
citizens as well as the state bear responsibility for the protection of environment. 
Complementary to the Environment Law and its regulations, other laws also govern 
the protection and conservation of the environment, the prevention and control of 
pollution, and the implementation of measures for the prevention of pollution. 


The Environmental Law No. 2872 of 1983 has a comprehensive structure that has a 
holistic and integrated vision for the environment. ”Polluter pays” and “user pays” 
principles and carrying capacity concepts form the basis of regulatory tools in the 
Environmental Law. The Law is supported by numerous Regulations and decrees 
prepared or updated in the process of alignment with EU legislation, thus contributing 
significantly in compensating the gaps within the former legislative system of Turkey.  


Other relevant laws in the scope environmental legislation are as follows: 


• Law on Ports and Harbors, No. 618; 


• Law on General Sanitation, No.1593; 


• Law on Aquatic Products, No.1380; 


• Coastal Law, No.3621; 


• Law on Principles for Emergency Response and Compensation of Losses in 
Pollution of Marine Environment by Petroleum and Other Hazardous Substances, 
No.5312; 


• Law on Energy Efficiency, No.5627 


• Law on Groundwaters, No.167 


b) Turkish National Social Legislation 


Labor and occupational health & safety issues in Turkey are governed by the Ministry 
of Labor and Social Security. Major regulations relevant to labor and working 
conditions are: 
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• Labor Law No. 4857 (10 June 2003): Aims to regulate the working conditions and 
work-related rights and obligations of employers and employees working within 
the confines of an employment contract; 


• Regulation on Workers Health and Work Safety (09 December 2003, Off. Gaz. 
no: 25311): Stipulates the legal rights of employees. In addition, Regulation on 
Workers Health and Work Safety stipulates health and safety conditions within 
workplaces in detail; 


• The protection of cultural heritage in Turkey is governed by the Ministry of Culture 
and Tourism. Law on Protection of Cultural and Natural Assets determines the 
criteria for designation of protected areas, principles related with the protection 
measures and limitations on the use of these areas under the supervision and 
power of the Committee on Protection of Cultural and Natural Assets. 


Other relevant social laws are as follows: 


• General Public Health Law (24 April 1930); 


• Public Settlement Law (21 June 1934); 


• Expropriation Law (no. 2942); 


• Land Deed and Registration Law (no. 3402); 


• Resettlement Law (21 June 1934); 


• Communication Law (no. 7201); 


• Procurement Law (no. 2986). 


*The latest revisions of the listed legislation shall be valid for use and reference during the Project Execution 


c) Equator Principles 


The Equator Principles endorse the applicable IFC Performance Standards, IFC 
General EHS Guidelines and IFC Industry Specific EHS Guidelines. The 
Performance Standards establish the standards that the project is to meet throughout 
the life of an investment by IFC or other relevant financial institution. General and 
Industry Specific EHS Guidelines provide implementation guidelines and 
environmental quality limits that projects should comply with. 


Equator Principles 


The Equator Principles Financing Institutions (EPFIs) have ten principles: 


• Principle 1: Review and Categorization 


• Principle 2: Social and Environmental Assessment 


• Principle 3: Applicable Social and Environmental Standards 


• Principle 4: Action Plan and Management System 


• Principle 5: Consultation and Disclosure 


• Principle 6: Grievance Mechanism 


• Principle 7: Independent Review 
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• Principle 8: Covenants 


• Principle 9: Independent Monitoring and Reporting 


• Principle 10: EPFI Reporting 


d) IFC Performance Standards and Guidelines 


IFC Performance Standards 


The eight Performance Standards (PSs) establish the standards that the project is to 
meet throughout the life of an investment by IFC or other relevant financial institution: 


• PS 1:  Social and Environmental Assessment and Management System 


• PS 2:  Labor and Working Conditions (where applicable) 


• PS 3:  Pollution Prevention and Abatement 


• PS 4:  Community Health, Safety and Security (where applicable) 


• PS 5:  Land Acquisition and Involuntary Resettlement (where applicable) 


• PS 6:  Biodiversity Conservation and Sustainable Natural Resource 
Management (where applicable) 


• PS 7:  Indigenous Peoples 


• PS 8:  Cultural Heritage 


IFC General EHS Guidelines 


General EHS Guidelines (dated April 30, 2007) provides guidance to users on 
common EHS issues potentially applicable to all industry sectors. During the design, 
site preparation, construction, operation and decommissioning of the project (the 
project lifecycle) the project owner will consider ambient conditions and apply 
pollution prevention and control technologies and practices (techniques) that are best 
suited to avoid or, where avoidance is not feasible, minimize or reduce adverse 
impacts on human health and the environment while remaining technically and 
financially feasible and cost-effective. The project-specific pollution prevention and 
control techniques included in General EHS Guidelines are listed below: 


Environmental 


• Air Emissions and Ambient Air Quality; 


• Contaminated Land; 


• Energy Conservation; 


• Hazardous Materials Management; 


• Noise; 


• Waste Management; 


• Wastewater and Ambient Water Quality; and 


• Water Conservation; 


Occupational Health & Safety 
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• Biological Hazards; 


• Chemical Hazards; 


• Communication and Training; 


• General Facility Design and Operation; 


• Monitoring;89 


• Personal Protective Equipment (PPE); 


• Physical Hazards; 


• Radiological Hazards; and 


• Special Hazard Environments. 


Community Health & Safety 


• Disease Prevention; 


• Emergency Preparedness and Response; 


• Life and Fire Safety (L&FS); 


• Structural Safety of Project Infrastructure; 


• Traffic Safety; 


• Transport of Hazardous Materials; and 


• Water Quality and Availability. 


Construction and Decommissioning 


� Community Health & Safety; 


� Environment; and 


� Occupational Health & Safety. 


IFC EHS Guidelines for Petroleum Refining  


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) include reference 
values on environmental, health, and safety aspects. The EHS Guidelines are 
technical reference documents with general and industry specific examples of Good 
International Industry Practice (GIIP). These industry sector EHS guidelines are 
designed to be used together with the General EHS Guidelines. The EHS Guidelines 
for Petroleum Refining cover processing operations from crude oil to finished liquid 
products, including liquefied petroleum gas (LPG), gasoline, kerosene, diesel oil, 
heating oil, fuel oil, bitumen, asphalt, sulphur, and intermediate products (e.g. 
propane / propylene mixtures, virgin naphtha, middle distillate and vacuum distillate) 
for the petrochemical industry. Annex A contains a description of industry sector 
activities. Further information on EHS issues related to storage tank farms is 
provided in the EHS Guidelines for Crude Oil and Petroleum Product IFC EHS 
Guidelines for Crude Oil and Petroleum Product Terminals 


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) refers to The EHS 
Guidelines for Crude Oil and Petroleum Product Terminals for the recommended 
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practices for storage of crude oil and products management of fire and explosion 
hazards. The EHS Guidelines for Crude Oil and Petroleum Product Terminals include 
information relevant to land and shore-based petroleum storage terminals receiving 
and dispatching bulk shipments of crude oil, gasoline, middle distillates, aviation gas, 
lube oil, residual fuel oil, compressed natural gas (CNG), liquid petroleum gas (LPG), 
and specialty products from pipelines, tankers, railcars, and trucks for subsequent 
commercial distribution.  


The document includes the following issues: 


Industry Specific Impacts and Management 


d. Environmental 


• Air Emissions 


• Wastewater 


• Hazardous Materials and Oil 


• Waste Management 


e. Occupational Health & Safety 


• Chemical Hazards 


• Fire and Explosions 


• Confined Spaces 


f. Community Health & Safety 


• Visual Impacts 


Performance Indicators and Monitoring 


1. Environment 


• Emissions and Effluent Guidelines 


• Environmental Monitoring 


2. Occupational Health & Safety 


• Occupational Health & Safety Guidelines 


• Accident and Fatality Rates 


• Occupational Health & Safety Monitoring 


Other International Standards 


The following standards are referred at IFC Guidelines: 


• World Health Organisation (WHO) Ambient Air Quality Standards; 


• WHO Drinking Water Standards. 


In addition, the following guidelines and standards will be utilized: 


• Dutch Intervention Values for Soil Quality, where needed; 
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• International Union for Conservation of Nature (IUCN) Red Data List 
for protected species (fauna and flora). 


Table 1-9. Relevant Regulations and Guidelines for the Refinery Project – Operation Phase 


Issue Relevant Guidelines and Regulations  


Operations Phase 


Environmental Issues 


Air Quality  


• IFC General EHS Guidelines 
- Environmental - Air Emissions and Ambient Air Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Air Emissions, 


Greenhouse Gases (GHG) 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
- Regulation on Industrial Air Pollution Control 
- Regulation on Assessment and Management of Air Quality  
- Regulation on Decreasing the Ozone Depleting Materials 
- Regulation on Control of Exhaust Gas Emission 
- Regulation on Odor Causing Emissions 


• EU Regulations 
- Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 


ambient air quality and cleaner air for Europe 
- Directive 2004/107/EC of the European Parliament and of the Council of 15 December 


2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic 
hydrocarbons in ambient air 


- Directive 2003/87/EC of the European Parliament and of the Council of 13 October 
2003 establishing a scheme for greenhouse gas emission allowance trading within the 
Community and amending Council Directive 96/61/EC 


- Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 
relating to emissions from air-conditioning systems in motor vehicles and amending 
Council Directive 70/156/EEC 


- Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 
- Regulation (EC) No 2037/2000 of the European Parliament and of the Council of 29 


June 2000 on substances that deplete the ozone layer 
- Directive 2001/80/EC of the European Parliament and of the Council of 23 October 


2001 on the limitation of emissions of certain pollutants into the air from large 
combustion plants 


Energy 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Energy Conservation 


• IFC EHS Guidelines for Petroleum Refining 
- Performance Indicators and Monitoring – Environment – Resource Use, Energy 


Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy 
Usage 


• EU Regulations 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control 
- EC/JRC 2008: IPPC Reference Document on Best Available Techniques for Energy 


Efficiency. June 2008 
- Directive 2002/91/EC of the European Parliament and of the Council of 16 December 


2002 on the energy performance of buildings 
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Issue Relevant Guidelines and Regulations  


Water and 
Wastewater 
Quality  


• IFC General EHS Guidelines 
- Environmental - Wastewater and Ambient Water Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
- Regulation on Water Pollution Control  


• EU Regulations 
- Council Directive of 12 December 1991 concerning the protection of waters against 


pollution caused by nitrates from agricultural sources 
- Council Directive of 16 June 1975 concerning the quality required of surface water 


intended for the abstraction of drinking water in the Member States 
- Council Directive of 22 March 1982 on limit values and quality objectives for mercury 


discharges by the chloralkali electrolysis industry 
- Council Directive of 26 September 1983 on limit values and quality objectives for 


cadmium discharges 
- Council Directive of 9 October 1984 on limit values and quality objectives for discharges 


of 
- hexachlorocyclohexane 
- Directive 2006/7/EC of the European Parliament and of the Council of 15 February 


2006 concerning the management of bathing water quality and repealing Directive 
76/160/EEC, 


- Directive 2000/60/EC of the European Parliament and of the Council of 23 October 
2000 establishing a framework for Community action in the field of water policy 


- Directive 2006/118/EC of the European Parliament and of the Council of 12 December 
2006 on the protection of groundwater against pollution and deterioration 


Water 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Water Conservation 


• EU Regulations 
- Directive 2006/11/EC of the European Parliament and of the Council of 15 February 


2006 on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 


- Council Directive of 12 June 1986 on limit values and quality objectives for discharges 
of certain dangerous substances included in List I of the Annex to Directive 76/464/EEC 


Hazardous 
Materials 
Management 


• IFC General EHS Guidelines 
- Environmental - Hazardous Materials Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 


• IFC EHS Guidelines for Crude Oil and Petroleum Product Terminals  
• Turkish Regulations 


- Regulation on Restrictions on the Production, Placing on the Market, and Use of Some 
Hazardous Materials 


- Regulation on Inventory and Control of the Chemicals 
• EU Regulations 


- Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending 
Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and 
Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and 
Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC 


- Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, 
regulations and administrative provisions relating to the classification, packaging and 
labelling of dangerous substances 


- Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 
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Issue Relevant Guidelines and Regulations  


concerning the approximation of the laws, regulations and administrative provisions of 
the Member States relating to the classification, packaging and labelling of dangerous 
preparations 


Waste 
Management 


• IFC General EHS Guidelines  
- Environmental - Waste Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastes 
- Performance Indicators and Monitoring – Environment – Environmental Monitoring; 


Resource Use, Energy Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on Solid Waste Control 
- Regulation on General Principles of Waste Management 
- Regulation on Hazardous Waste Control  
- Regulation on Waste Oil Control  
- Regulation on Medical Waste Control  
- Regulation on Control of Waste Batteries and Accumulators 
- Regulation on Control of Vegetative Oils 
- Regulation on Control of PCB and PCTs  
- Regulation on Package Waste Control  


• EU Regulations 
- Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on 


waste 
- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 


June 2006 on shipments of waste 
- Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated 


biphenyls and polychlorinated terphenyls (PCB/PCT) 
- Directive 94/62/EC of the European Parliament and of the Council of 20 December 


1994 on packaging and packaging waste 
- Directive 2002/96/EC of the European Parliament and of the Council of 27 January 


2003 on waste electrical and electronic equipment (WEEE) 
- Directive 2002/95/EC of the European Parliament and of the Council of 27 January 


2003 on the restriction of the use of certain hazardous substances in electrical and 
electronic equipment 


Noise  


• IFC General EHS Guidelines 
- Environmental - Noise  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Noise 


• Turkish Regulations 
- Regulation on Assessment and Management of Environmental Noise 


• Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 
relating to the assessment and management of environmental noise 


Soil Quality 


• IFC General EHS Guidelines 
- Environmental - Contaminated Land 


• Turkish Regulations 
- Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 


• Council Directive of 12 June 1986 on the protection of the environment, and in particular of 
the soil, when sewage sludge is used in agriculture 


• Directive 2004/35/CE of 21 April 2004 on environmental liability with regard to the 
prevention and remedying of environmental damage 


Occupational and Community Health and Safety Issues 


Occupational 
and 
Community 
Health and 


• IFC General EHS Guidelines   
- Occupational Health and Safety 
- Community Health and Safety  


• IFC EHS Guidelines for Petroleum Refining 
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Issue Relevant Guidelines and Regulations  


Safety  - Industry Specific Impacts and Management – Occupational Health and Safety; 
Community Health and Safety 


- Performance Indicators and Monitoring – Occupational Health and Safety 
• Turkish Regulations 


- The Labor Law – No.4857 
- Regulation on Workers Health and Work Safety 
- Statue on Measures for Workplaces Where Flammable, Explosive, Dangerous and 


Hazardous Materials are Used 
- Regulation on Machine Guards 
- Regulation on Safety and Health Requirements Working With Display Screen 


Equipment 
- Regulation on Vibration 
- Regulation on Noise 
- Health and Safety Signs Regulation 
- Regulation on Health and Safety at Construction Sites 
- Regulation on Protection of Workers form the risk of Explosive Media 
- Regulation on Health and Safety Precautions Regarding Working with Asbestos 
- Regulation on Manual Handling 
- Regulation on Principles and Procedures for Health and Safety Training of Employees 
- Regulation on Health and Safety Precautions Regarding Workplace Buildings and Their 


Annexes 
- Regulation on Use of Personnel Protective Equipment in Workplaces 
- Regulation on Health and Safety Conditions Regarding Use of Work Equipments 
- Regulation on Health and Safety Regarding Temporary Works 
- Regulation on Heavy and Dangerous Works  
- Regulation on Securing Workplace Establishment Permit and Certificate of Operation 
- Personnel Protective Equipment Regulation 
- Regulation on Health and Safety Precautions Regarding Working with Chemicals 
- Regulation on Subcontractor  
- Regulation on Workplace Health and Safety Units and Common Health and Safety 


Units 
- Regulation for Fire Safety of Buildings 
- Regulations on the Prevention of Biological Exposure Risks 
- Regulation on the Employment of Pregnant or Lactating Women, children's care homes 


and Breastfeeding Rooms 
- Regulation on the Health and Safety Measures on the Carcinogenic and mutagenic 


substances 
- Regulation on the Procedures and Principles of the Employment of Children's and 


Young Workers 
- Regulation on Working Hours Regarding Labor Law 
-  


• EU Regulations 
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 


encourage improvements in the safety and health of workers at work 
- Council Directive 89/654/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the workplace 
- Council Directive 89/655/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the use of work equipment by workers at work (amending 
directives 95/63/EC and 2001/45/EC) 


- Council Directive 89/656/EEC of 30 November 1989 on the minimum health and safety 
requirements for the use by workers of personal protective equipment at the workplace 


- Council Directive 83/477/EEC of 19 September 1983 on the protection of workers from 
the risks related to exposure to asbestos at work 


- Council Directive 90/269/EEC of 29 May 1990 on the minimum health and safety 
requirements for the manual handling of loads where there is a risk particularly of back 
injury to workers 


- Council Directive 90/270/EEC of 29 May 1990 on the minimum safety and health 
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Issue Relevant Guidelines and Regulations  


requirements for work with display screen equipment 
- Directive 2004/37/EC of the European Parliament and of the Council of 29 April 2004 


on the protection of workers from the risks related to exposure to carcinogens or 
mutagens at work 


- Directive 2000/54/EC of the European Parliament and of the Council of 18 September 
2000 on the protection of workers from risks related to exposure to biological agents at 
work 


- Council Directive 92/57/EEC of 24 June 1992 on the implementation of minimum safety 
and health requirements at temporary or mobile construction sites 


- Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for the 
provision of safety and/or health signs at work 


- Council Directive 92/85/EEC of 19 October 1992 on the introduction of measures to 
encourage improvements in the safety and health at work of pregnant workers and 
workers who have recently given birth or are breastfeeding 


- Directive 1999/92/EC of the European Parliament and of the Council of 16 December 
1999 on minimum requirements for improving the safety and health protection of 
workers potentially at risk from explosive atmospheres 


- Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (vibration) 


- Directive 2003/10/EC of the European Parliament and of the Council of 6 February 
2003 on the minimum health and safety requirements regarding the exposure of 
workers to the risks arising from physical agents (noise) 


- Directive 2004/40/EC of the European Parliament and of the Council of 29 April 2004 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (electromagnetic fields) 


- Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on 
the protection of the health and safety of workers from the risks related to chemical 
agents at work 


- Council Directive 80/1107/EEC of 27 November 1980 on the protection of workers from 
the risks related to exposure to chemical, physical and biological agents at work 


- Council Directive 88/364/EEC of 9 June 1988 on the protection of workers by the 
banning of certain specified agents and/or certain work activities 


- Council Directive 96/82/EC of 9 December 1996 on the control of major-accident 
hazards involving dangerous substances 


Other • EU Regulation 
- Council Directive of 27 June 1985 on the assessment of the effects of certain public 


and private projects on the environment. 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control. 


 


•  


2.3 SOCIAL MANAGEMENT PLAN 


2.3.1 Stakeholder Identification 


All stakeholder groups having an interest for, might be affected by, or might have an 
influence on the outcome of the Project were identified during the Local EIA and 
ESIA Phases. This ESIA study reviewed the stakeholders that have previously been 
identified during Local EIA, and expanded the stakeholder list to include additional 
stakeholders that are relevant during the Project life cycle. The relevant stakeholder 
groups are: 
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• Governmental Authorities – National and regional governmental bodies; 


• Non-Governmental Organizations – Regional, national and international bodies; 


• Communities – Local community of Aliağa (affected settlements), and overall 
Turkey community; and 


• Universities and Independent Experts. 


• A detailed list of the stakeholders is provided in Table A-3. 
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Table A-3: List of Project Stakeholders 


 


Stakeholder 
Group 


Stakeholder 
Category 


Stakeholder Sub-Category Potential Role 
in the Project 


Communities 


National 
Community 


General Population of Turkey  
 


Low 


Affected 
Settlements 


Aliağa District Center Population  
 


High 


Governmental 
Organizations 
 


Regional 
Governmental 
Organization 
 


Izmir Provincial Directorate of Health  Low 
Aliağa District Directorate of Agriculture  Low 
Izmir Provincial Department of Environment 
and Forestry  


Low 


Aliağa Municipality  Low 
Aliağa District National Education 
Directorate  


Low 


Aliağa District Governorship  High 


National 
Governmental 
Organization 
 


The Ministry of Environment and Forestry  Low 
The Ministry of Culture and Tourism  Medium 
The Ministry of Industry and Trade  Medium 
The Ministry of Energy and Natural 
Resources  


Medium 


The Ministry of Health  Low 
The Ministry of National Education  Low 


Non- 
Governmental 
Organizations 
 


Regional 
NGOs 
 


Aliağa Culture and Solidarity Association  
 


Medium 


Petrol-Is Trade Union Aliağa Branch  Medium 
Aliağa Education and Development 
Foundation (ALGEV)  


Medium 


Aliağa Social Solidarity Foundation  Low 
Kemalist Thoughts Association Aliağa 
Branch  


Low 


Aegean Conservation of Natural Life 
Association  


Low 


Foça Friends of Environment Association  Low 
CHP Aliağa District Organization  Medium 
AKP Aliağa District Organization  Medium 
Aliağa District Center Chamber of Industry 
and Commerce  


Low 


National NGOs 
 


Chamber of Environmental Engineers  Medium 
The Union of Turkish Engineers and 
Architects (TMMOB)  


Medium 


TEMA Foundation  Low 
DOGCEV Association Low 
Doğa Association  High 
ÇEKÜL Association  Low 


International 
NGOs 


Greenpeace Low 
WHO  Low 


University and 
Other 
Independent 
Experts 


Universities 


Ege University  Low 
Dokuz Eylül University Low 
Izmir University of Economics  Low 
Izmir Institute of Technology  Low 
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2.3.2 Stakeholder Engagement Plan 


A systematic stakeholder engagement process will be employed through the liaison 
activities throughout the Project life cycle. National, regional and local level liaison 
activities will involve formal meetings to discuss economic, environmental and social 
aspects of the Project and various planning issues. 


At the community level, liaison activities will focus on communication with local 
community to establish and maintain an appropriate level of relationship with the 
people dwelling in Aliağa. The overall objective of the community liaison activities are 
as follows:  


• Continuously informing the local community about the Project-related 
development activities; 


• Ensuring that the local community is informed about the hazards associated with 
construction/EPC and operation activities of the Project;  


• Minimizing potential disputes between personnel and contractors of STAR and 
the local community; and 


• Timely and effective responding to community concerns regarding the issues 
such as employment of the local workforce reserve in the construction/EPC and 
operation phases, disruption to daily life, safety issues, disturbances due to noise 
or dust, and other environmental and social issues. 


Community relations and social impact management will be a shared responsibility 
between the STAR and EPC (Engineering, Procurement and Construction)/EPC 
Contractor. While the contractor will be responsible for maintaining community 
relations during construction/EPC phase of the Project, STAR ARP will take the 
overall responsibility at all phases. The primary responsibility of the community 
liaison team will be to build positive and organic relationships with the communities 
that will be impacted by the Project during construction/EPC and operation. 


Both STAR ARP and the contractor will have dedicated teams for implementation of 
community relations and social impact management (Community Relations Team, 
CRT). The roles and the responsibilities of the team members will complement each 
other and ensure the effective implementation of the program. 


 


2.3.4 Public disclosure and consultation       


The overall PDCP is summarized in the following table, which displays who is in 
charge of the PDCP, what methods are used and what objectives are to be obtained 
throughout the different phases of the Project. It is worth underlining that best results 
are gained if the PCDP is considered as a continuous information and feedback flow 
between the Proponent and local communities and stakeholders. Engaging with 
stakeholders from the start enables an active cultivation of relationships that can 
serve as “capital” during challenging times. In this sense incorporating suggestions 
and criticisms at an early stage of the design and of the construction phases is likely 
to help the Proponent to minimize conflicts and delays with stakeholders in later 
phases of the project. It is therefore important that the plan is implemented 
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throughout the entire process, as a central part of the project’s life cycle, to fully 
exploit the positive outcomes it can lead to. 


Refer to section 3.2. for the public disclosure and consultation during construction. 
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Table A-4: Scheme of Public disclosure and consultation plan 


 
 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Proponent Objective 


- Collect preliminary data and 
information,  


- Initial liaisons with 
stakeholders and 
identification of affected 
communities. 


- Inform stakeholders on the 
planned project  


- Collect bottom up insights, 
experiences and 
expectations of local 
communities from the 
project. 


- Further inform stakeholders  


- Share information collected 
and analyzed in the ESIA 


- Explain and discuss issues 
associated with the planned 
construction activities  


- Inform local stakeholder on 
the progress of the work 


- Maintain positive and 
continuous dialogue with 
local community 


- Give answer to possible 
complaints or grievances 


- Maintain positive and 
continuous dialogue with 
local community 


- Allow suggestions and 
comments from local 
communities 


- Give answer to possible 
complaints or grievances 


- Inform local stakeholder on 
the outcomes of the ESIA; 


- Incorporate possible 
suggestions and comments 
before final decisions are 
taken. 


Phase 


Baseline 
investigations and 


field research 


Local impact 
assessment phase 


(EIA) 


International 
assessment phase 


(ESIA) 


ESIA finalization 


Operation  


Construction 


Pre-construction 


Action 


- Identification of 
possible 
stakeholders; 


- Preliminary 
contacts and 
informal 
interviews 


- ESIA public 
disclosure 
meeting 


- 1st round 
consultation 


- 2nd  round 
consultation 


- Public meeting  


- Regular 
engagement 
sessions on a 
monthly or bi-
monthly basis 
with the 
community   


- Grievance 
Mechanism 


 


- Community 
consultation 
conducted on a 
monthly basis 
for the  first 6 
months and 
then 4 times a 
year.  


- STRAŞ CRT 
dedicated 
telephone line  


- Grievance 
Mechanism 


- ESIA Consultant 


- Environmental 
and Social 
Officer (ESO) 


- ESIA Consultant 


- Owner 
representatives 


- ESIA Consultant 
- Owner 


representatives 
 


- Owner 
representatives 


-  


- STAR 
Community 
Relations Officer 
(CRO) 


- EPC Contractor 
CRO 


- Community 
Relations 
Assistants 
(CRA) 


- STAR 
Community 
Relations Team 
(CRT) 
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2.3.5 Roles and Responsibilities for Community Relations Team 


STAR Management      


STAR will appoint an Environmental and Social Officer (ESO) for the Project in the 
beginning of the preconstruction activities to supervise the implementation of overall 
environmental and social mitigation activities defined by the ESMP. 


The ESO will be the STAR point of contact for Contractors as well as for Project 
stakeholders including the Governmental Authorities, Municipality, NGOs and the 
local community. 


STAR ESO will supervise all the relevant site activities of the construction 
contractors. The Contractors will report to ESO all the environmental and social 
issues and performance related to the Project. 


This section describes the general framework under which national, regional and 
community level liaison activities will be conducted, determines the roles and 
responsibilities for community relations, and identifies stakeholders to be engaged 
with a schedule. 


Community relations and social impact management will be a shared responsibility 
between STAR and EPC Contractor. While the EPC Contractor will be responsible 
for maintaining community relations during construction phase of the Project, STAR 
will take the overall responsibility at all phases. The primary responsibility of the 
community liaison team will be to build positive and organic relationships with the 
communities that will be impacted by the Project during construction and operation. 


Both STAR and the EPC Contractor will have dedicated teams for implementation of 
community relations and social impact management (Community Relations Team, 
CRT). The roles and the responsibilities of the team members will complement each 
other and ensure the effective implementation of the program. 


The main responsibilities and the general characteristics of the staff responsible for 
community relations are defined in the following paragraphs. A general outline is 
provided at this stage; however, the exact roles and responsibilities of the community 
liaison team will be further specified once the EPC contract is signed, according to 
the contexts and specific needs of the construction period. 


STAR Community Relations Officer (CRO) will act as an interface between STAR, 
EPC Contractor and the local community. STAR CRO might be the ESO who is 
appointed for the overall supervision of the environmental and social management for 
the Project. He/she will function as a focal point for resolution of community 
complaints and grievances. While implementing the community liaison program, 
he/she will organize meetings with the national and regional authorities on issues 
related with the project. STAR CRO will provide advice and support to the Contractor 
CRO about the emerging community issues. STAR CRO will record community 
related issues and report the activities of community liaison. 


EPC Contractor CRO will organize and participate in the meetings with the local 
communities prior to arrival of construction team to a given locality. During the 
construction period, he/she will regularly meet with the community members about 
the resolution of community issues. The EPC Contractor’s CRO will be responsible to 
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keep records of all consultation and communication activities with the local 
community and the complaints and grievances of the local community. 


He/she will not only function as a reporting mechanism but also as a tool to help 
resolution of the grievances. 


Community Relations Assistants (CRAs) will preferably be employed from the 
local community. This would ensure that the assistants will already have organic 
relationships with the community. 


The Project will have a tracking system to maintain an inventory of all meetings and 
consultations with the stakeholders. 


Environmental and Social Monitoring: 


As a requirement of the Turkish EIA regulation third party audits shall be performed 
by an EIA licensed third party company at the intervals declared within the EIA 
positive decision. The report will be forwarded to the Ministry of Environment and 
Urban Planning. 


The contractor will be monitoring of the performance of the mitigation measures in 
the scope of the Contractor (refer to project EIA and ESIA) and will ensure an 
adequate monitoring system is in place for the measurement of parameters as 
required by project EIA, ESIA and legal requirements. The monitoring programme will 
include the monitoring parameters, methods of monitoring and sample. 


Environmental and Social Monitoring and Reporting Programme: 


Contractor will develop and integrate monitoring programme to include: 


• Agree format of monitoring report for disclosure and submit annual; 


• Develop monitoring protocols; 


• Establish monitoring systems; and 


• Procure environmental monitoring equipment. 


Environmental Training Programme:  


All personnel, including contractor’s personnel, will receive a level of environmental 
and social training appropriate to their job functions. Training will include awareness 
of Project policies, regulatory framework and conformance to the ESMP. The 
potential environmental impacts associated with their jobs will be addressed. 
Conformance to procedures will be emphasized. Training will be integrated with 
health and safety, spill response and emergency response programs. Basic training 
programs for the employees will include but not ne limited to the following: 


• Environmental Protection; 


• Firefighting; 


• First Aid; 


• Health and Job Safety; 


• Risk Assessment; 


• Site Security; 
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• Use of Chemical Agents. 


Contractor’s personnel shall receive a Project Site induction including Project’s 
environmental requirements delivered by STAR, prior to commencing work on site. 


Contractor’s personnel, who will have jobs with significant environmental risks, shall 
receive a specific environmental training in addition to the induction.  This training 
shall be delivered by the Contractor, with the support of STAR ESO. 


Contractor’s site management, supervisors and nominated ER shall receive the 
Supervisors Awareness Course, which details general environmental awareness and 
specific performance requirements expected on the Site. 


At least one member of each work group shall participate in awareness training for 
the use of Spill Response Kits. 


An auditable set of records shall be maintained for all training conducted for the 
duration of the Contract. 


On a weekly basis, as a minimum, environmental communications shall be delivered 
by the Contractor to its workgroups.  These communications shall present 
information on the management of environmental risks or key site environmental 
issues.  Records of topics, attendance and presenter’s name shall be maintained as 
an auditable record. 


Contractor’s appointed ER shall attend project meetings facilitated by or on behalf of 
STAR. 


Contractor will train its staff to ensure compliance with the requirements defined in 
this document: 


• Develop training materials and curricula; 


• Develop training schedule; 


• Deliver training programs. 


Construction Camps: 


STAR is planning to employ the reserve workforce in Aliağa in the first place and 
then employ the people from other parts of Turkey.  In order to provide sufficient 
accommodation during the construction works of the Project and to minimize the 
potential impacts on the existing infrastructure such as water, wastewater, 
transportation, etc.; construction camps will be established  


Employment: 


Employment and new job opportunities are generally considered as a positive 
impact.  However, to ensure that the benefits are maximized and positive, the owner 
will adhere to the international guidelines set out by the ILO and IFC. Such mitigation 
step will include: 


• Conditions of work; 


• Developing a direct grievance mechanism. 


• Development of a Human Resources policy that includes the following key 
elements: 







STAR RAFINERI AŞ (STAR) 
AEGEAN REFINERY PROJECT (ARP) 
 
000-A-PE-007-0028__ - REV A 


  
 
 


ENVIRONMENTAL & SOCIAL MANAGEMENT PLAN --- EPC 


 


  


11513150061 October 2012 132  


 


• Disciplinary and termination procedures and rights; 


• Ensuring all employees have clear documentation of their working relationship to 
the owner; 


• Entitlement to and payment of wages; permissible wage deductions; 


• Entitlement to benefits; 


• Entitlement to leave for holidays, vacation, illness, and maternity and other 
reasons; 


• Occupational safety, hygiene and emergency preparedness; 


• Overtime payments; hours of work and any legal maximums; 


• Promotion requirements and procedures; 


• The employees’ right to form and join workers’ organizations; 


2.5.1 Proposed Social Mitigations for Construction Phase 


Proposed mitigation measures and monitoring activities regarding the potential 
impacts on socioeconomic characteristics and archaeology and cultural resources 
during construction phases are summarized in ESAP Matrix, respectively. 


2.4 ENVIRONMENTAL AND SOCIAL MANAGEMENT MECHANISM 


Overall Environmental and Social Management Mechanism 


The following overall management mechanism will be established for the Project in 
order to implement the ESMP: 


Organization - Roles and Responsibilities 


An Environmental and Social Officer (ESO) will supervise the overall environmental 
and social management activities associated with the Project at all phases of the 
Project. The ESO will be appointed in the beginning of pre-construction activities. 
The role of the ESO will be to supervise the implementation of overall environmental 
and social mitigation activities defined by the ESMP, to ensure that the further 
required level of detailed management plans are established, implemented and 
maintained, and to report on the overall Project performance. A Community Relations 
Officer (CRO), who might be the ESO, will act as an interface between STAR, 
contractors and the local community. He/she will function as a focal point for 
resolution of community complaints and grievances, and will also organize required 
meetings with the national/regional authorities. Responsibilities for the other key roles 
will be clearly defined for the successful implementation of the ESMP. 


Risk Assessment and Risk Register 


A risk assessment study will be conducted in the beginning of the construction / pre-
construction works to prepare a detailed risk register identifying the potential 
environmental, health & safety and social risks associated with the individual work 
items. Working place risk sources may be grouped according to the works performed 
or activities executed, processes, materials used, work equipments, employees, and 
working environment. Risk assessment works at a working place should be 
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conducted at the stage of commencing to work; in case there is a change in working 
place; after job accident, profession illness or any event; and periodically as required. 


Training and Awareness 


All personnel, including contractor’s personnel, will receive a level of environmental 
and social training appropriate to their job functions. Training will include awareness 
of Project policies, regulatory framework and conformance to the ESMP. The 
potential environmental impacts associated with their jobs will be addressed. 
Conformance to procedures will be emphasized. Training will be integrated with 
health and safety, spill response and emergency response programs. Basic training 
programs for the employees will include but not ne limited to the following: 


Environmental Protection; 


Firefighting; 


First Aid; 


Health and Job Security; 


Risk Assessment; 


Site Security; 


Use of Chemical Agents. 


Communication of Environmental and Social Issues 


A system will be established to communicate internally and externally regarding 
environmental and social issues. The system will be capable of communication to 
others, to receive information, to document information and to respond. Lines of 
communication within STAR and the specific individuals responsible for responding 
to the various types of inquiries will be identified. External communication issues are 
provided in Public Consultation and Disclosure Plan (PCDP). 


Document and Record Controls 


A document and record keeping procedure will be established to maintain the 
summary of all environmental and social activities and results. The records will 
include mitigation, monitoring and reporting needs, such as sampling, analytical data, 
incident reports, communications, etc.; and performance, training, communications 
and audits. These documents will be readily accessible for review and audit. 


Corrective Actions 


Procedures will be established to investigate any non-conformance with the 
requirements and necessary adjustment to correct and prevent further occurrence. 


Inspections and Audits 


A system will be established to conduct periodic audits of the environmental and 
social management plans, their effectiveness, implementation and maintenance. 


Budget 


Budgets will be established to meet the needs and requirements of the ESMP for the 
life of the Project. A refined budget will be established annually to address the tasks 
to achieve the requirements to address environmental and social management. 
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Monitoring and Reporting 


Environmental and social reporting is a requirement of the IFC and will be done by 
STAR at a minimum annually. An environmental and social audit will be done by a 
third party and a report will be prepared including the compliance status of the 
environmental and social issues against the regulatory framework and Project 
commitments and the status of the performance indicators. 


Management of Change 


Procedures  by the contractor will be in place for the management of the changes in 
the project. Such changes will include: 


• New permitting requirements 


• Revisions in the operational processes that may create Health, Safety and 
Environmental hazards and associated risks 


• Changes in HSE critical equipment 


The purpose of these procedures will be evaluate the changes in design, process 
and regulatory requirements in terms helath, safety, environment in order to minimize 
the possible risks encountered with these changes. 


The procedure will describe in detail the system in place for the management of 
changes. The proposed system by STAR as a minimum will include: 


• The identification and definition of change 


• The evaluation of the changes in terms of technical, organizational, resource 
requirements. 


• The approbal of the changes with the proposed control measures in order to 
minimse the associated risks 


• The implementation of the changes 


• The control/verification/validation of the effectivity of the proposed mitigation 
measures. 


• The communşication of the changes to STAR. 


Supply Chain Management 


• Adverse impacts associated with supply chains will be considered where low labour cost is a 
factor in the competitiveness of the item supplied.   


• The STAR Company will specifically inquire about and address: 


• • child labour; and 


• • forced labour; in its supply chain. 


• STAR company will also include the provision of supply chain information in to supplıier and 
contarctor evalutaion system. STAR will collaborate with all contractors/supplier in the early 
stage planning nad assessments on the evaluations system.There will be agreement 
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netween the contractırs/suppliers and STAR on the environmental and social obligations and 
standards and where applicable invetsing in as part of in the local capacity buildings.  


 


 


 


 


2.4.1 Contractor’s Management 


Roles and Responsibilities of Contractors 


In the execution of the works under the Construction Contracts, the Contractor shall 
comply with the relevant environmental requirements detailed herein. The Contractor 
shall implement and demonstrate compliance with these requirements at all times. 


The Contractor shall address the requirements of those applicable standards in the 
form of a Specific Project Work Instructions, detailing the operating criteria required 
to implement the standards. The Work Instructions shall form a part of the 
Contractor’s Environmental Management Plan (EMP). 


Nothing in this ESMP, nor any action, omission or failure by STAR shall derogate the 
Contractor’s responsibility and liability in the event of environmental pollution. 


STAR referred to in this ESMP may be replaced by the EPC Contractor as 
appropriate to project scope of works. In such situations, STAR will advise the 
Contractor of specific clauses of this standard where the EPC Contractor shall have 
similar role and authority to STAR. 


Unless notified as exempt from STAR, Contractors must submit an Environmental 
Management Plan (EMP) that meets STAR’s Minimum Environmental Standards for 
Construction Contracts and specific project requirements stated in this document. 


An EMP shall include the management of environmental aspects in the form of 
environmental procedures related to the Contractor’s Scope of Works in compliance 
with the minimum standards included in this ESMP, in addition to the following: 


• detailed environmental roles, responsibilities and authorities of the Company 
Director, Project Manager, and Supervisors; and 


• detailed role, responsibilities, authority and relevant environmental experience of 
the nominated Environmental Representative (ER) for the Project Site. 


Activities Prior to Mobilization 


Upon contract award, the Contractors shall be advised of the Project-specific 
environmental requirements. 


Environmental training and awareness needs will be determined and documented via 
training needs analysis prior to mobilization. 


Contractors shall ensure that all ground breaking, earthmoving and tracked 
equipment have undergone a weed and hygiene inspection and passed a vehicle 
inspection checklist prior to entering site. 
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Personnel and Resources 


The Contractor shall: 


appoint an ER for the Project Site; and 


nominate an Alternate ER to delegate the responsibilities when the appointed 
representative is off site. 


The Contractor’s appointed ER shall: 


ensure that the environmental actions set in the Contractor’s EMP are adequate to 
the work scope and are communicated to and understood by the site staff and 
supervisors; 


provide information on Project’s environmental requirements for effective 
communication to workgroups prior to construction activities; 


be responsible for the implementation and compliance monitoring of the Contractor’s 
EMP. 


Training and Communication 


• Contractor’s personnel shall receive a Project Site induction including Project’s 
environmental requirements delivered by STAR, prior to commencing work on 
site. 


• Contractor’s personnel, who will have jobs with significant environmental risks, 
shall receive a specific environmental training in addition to the induction. This 
training shall be delivered by the Contractor, with the support of STAR ESO. 


• Contractor’s site management, supervisors and nominated ER shall receive the 
Supervisors Awareness Course, which details general environmental awareness 
and specific performance requirements expected on the Site. 


• At least one member of each work group shall participate in awareness training 
for the use of Spill Response Kits. 


• An auditable set of records shall be maintained for all training conducted for the 
duration of the Contract. 


• On a weekly basis, as a minimum, environmental communications shall be 
delivered by the Contractor to its workgroups. These communications shall 
present information on the management of environmental risks or key site 
environmental issues. Records of topics, attendance and presenter’s name shall 
be maintained as an auditable record. 


• Contractor’s appointed ER shall attend project meetings facilitated by or on 
behalf of STAR. 


Inspection and Audits 


The Contractor’s appointed ER is responsible for internal environmental site audits 
and inspections. The ER shall be competent in understanding: 


• The Contract requirements; 


• Contents of the risk register; 
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• Contractor’s EMP and Policies; 


• Relevant environmental management procedures; and 


• Legal and other requirements. 


Non-conformances and hazards identified by the Contractor during inspections shall 
be documented, addressed with appropriate corrective and preventive actions. 


All active work areas shall be inspected by the Contractor’s supervisors on a weekly 
basis as a minimum. These inspections shall be documented and maintained as 
auditable records. The Contractor shall formally respond to any inspection / audit 
findings within three working days of receipt, with details of appropriate corrective or 
remedial actions, time frames and responsibility for completion of actions. 


The Contractor shall: 


• undergo a mobilization audit within 4-6 weeks of mobilization; 


• undergo a quarterly environmental audit approximately three months after their 
mobilization audit, and every three months thereafter; 


• where the contractor scores less than 85% on audits and inspections, undergo a 
re-audit of outstanding actions within four weeks; and 


• undergo a demobilization audit, two weeks prior to demobilizing from the site. 
The Contractor must achieve a score of 100% on the demobilization audit. 


Event Management 


All contractors shall report environmental events, near-misses and potential hazards 
within an agreed timeframe. The definition of the environmental events shall be 
documented and communicated to the Contractor’s personnel. Environmental events 
shall include, as a minimum, actual events or near misses resulting in: 


• A breach of legal & other requirements; 


• Environmental damage (e.g. over clearing); 


• Environmental pollution / contamination; 


• Impacts on flora, fauna, waters (fresh, ground and marine), heritage sites and 
atmosphere; 


• Unapproved discharge to air, land and water; and 


• Public complaints. 


The Contractor shall: 


• Take appropriate immediate actions to minimize the extent of environmental 
damage and pollution arising from events; 


• Notify STAR of the events as soon as possible, and complete a Event Notification 
Form no later than within 12 hours of occurrence of the event; 


• Immediately notify STAR and initiate a full investigation in the case of an event 
with the potential of resulting in a significant incident; resulting in a significant 
environmental pollution or damage, breach of legal and other requirements, or a 
complaint from the public; 
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• Investigate all events within 72 hours of the event occurring and submit 
investigation forms to STAR for entering into the Database; and 


• Put in place corrective and preventive actions that are appropriate to the nature 
and scale of the event, and complete these actions within an agreed time frame.   


Corrective and preventive actions shall address the root causes of the event, and 
reduce the probability of event recurrence. Corrective and preventive actions shall: 


• Include the review and/ or revision of the risk register, relevant procedures and 
documentation. The Contractor shall demonstrate to STAR that such changes 
have been communicated and implemented; 


• Assess the effectiveness of corrective and preventative actions as part of the 
event investigation process, particularly for repeat events. The risk register shall 
be reviewed as part of this process. 


The Contractor shall complete all actions for environmental events, near misses and 
hazards before demobilization from site. 


Emergency Response 


The Contractor shall: 


• Identify the events with a potential of significant environmental impacts and 
prepare appropriate response plans for the mitigation of such impacts. As a 
minimum the emergency response plan shall address events and impacts of: 


Fire; 
Major hydrocarbon and chemical spills; 
Natural hazards of flooding and earthquake. 


• Provide adequate equipment and materials to effectively manage emergencies; 


• Demonstrate that such plans are or will be effective through personnel training 
and testing of the plan once every four months; 


• Develop post emergency plans which include a review of the effectiveness of the 
plan, its implementation, and the need for revisions. 


Progress Tracking and Reporting 


The Contractor shall: 


• Provide progress updates to STAR on a weekly basis, as a minimum, which shall 
comply with reporting requirements and the following: 


o environmental training topics and % employee attendance; 


o copies of meeting minutes where environment has been discussed; 


o last and most recent inspection / audit score; 


o progress against completion of corrective actions; and 


o summary of environmental events; 


• Report the following items for the previous month, on the first day of each month: 
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o performance against defined objectives and targets for management 
of significant risks; 


o description of environmental initiative/s; 


o amount of waste oil removed from the Site; 


o amount of contaminated soil generated and disposed; 


o amount and type of wastes generated and disposed; 


o area of land cleared; 


o locations of all stockpiles; 


o amount of area rehabilitated; 


o meter readings for water draw and usage; 


o visual water quality and depth to water level (where required); and 


o volumes of wastewater generated and treated. 


• Provide all environmental related documentation as requested. 


Record Keeping 


The Contractor shall: 


• keep all the records and other relevant documentation to demonstrate 
compliance to Project requirements for the duration of the Contract; 


• make records available during inspections and audits by STAR, its 
representatives, consultants, financers or external auditors; 


• copy the relevant records, and hand to STAR at the completion of the Contract, 
including but not limited to: 


Event reports and Hazard Notification Forms; 


Monthly Reporting Records; 


Training Records; and 


Weed Hygiene Certificates. 


• The main responsibilities and the general characteristics of the staff responsible 
for community relations are defined in the above sections. A general outline is 
provided at this stage; however, the exact roles and responsibilities of the 
community liaison team will be further specified within the Public Consultation 
and Disclosure Plan. 


• A Public Consultation and Disclosure Plan (PCDP) was prepared for the planning 
of the stakeholder engagement activities. The Public Consultation and Disclosure 
Plan (PCDP) consist of the following main components: 


o Public consultation during the local environmental impact assessment phase 
(1st Round Consultation); 
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o Public consultation and public disclosure during the international 
environmental and social impact assessment phase (2nd Round 
Consultation); and 


o Public consultation and stakeholder engagement during construction and 
operation phases. 


2.5 ENVIRONMENTAL SOCIAL ACTION PLAN 


 


The summary of the environmental social actions for the construction is given 
below. See Attachment 1 --- Environmental and Social Action Plan (ESAP) 
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Table 2.5-1 : Proposed Mitigations and Monitoring During Construction Stage   (Refer to ESAP for the details) 


Issue / Environmental 


Impact 


Proposed Mitigation Monitoring Responsible 


Party 


Schedule / Target 


Completion Date 


PHYSICAL COMPONENTS 


Natural Hazards 


Effects of seismic activity 
associated with the 
Project on the public 
and environment 


Effects of flood events 
associated with the 
Project on the public 
and environment 
Refinery Structural 
Requirements 


Refinery Structural Requirements 


Plant structures e.g.  piping, tank, vessel, etc. 
will be designed with respect to design 
earthquake parameters as determined by 
the Seismic Hazard Study. 


Connections to rigid equipment such as tanks 
and pumps will be located in diked areas 
(110% of largest single vessel). 


Following an earthquake, equipment and piping 
will be inspected, and any leaks will be 
isolated. 


Pipelines are designed for shutdown of several 
days duration. 


Plant units will be designed to shut down in safe 
mode, 


An active risk management program will be 
implemented throughout the Project life 
cycle and appropriate mitigation measures 
will be implemented. 


 


Monitoring programs will be 
assessed during detailed 
design. 


 


STAR  


 


During pre-
construction 


 Drainage System During Construction 


Although there are minimal flood risks from 


Monitoring programs will be 
assessed during detailed 


STAR and 
Contractors 


Designs during 
preconstruction and 
constructions during 
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storms, interception channels will be built to 
prevent surface water from flowing into the 
facilities. 


In the design calculations of drainage systems, 
the highest rain ratios observed in standard 
times recorded by General Directorate of 
State Meteorology Studies Dikili 
Meteorological station will be used as base. 


 


design. 


 


construction 


 


Soil 


• Topsoil removal and 
excavation of soil for 
refinery units and other 
infrastructure, which 
increases the probability of, 
loss of soil nutrients and 
soil compaction, and 
erosion 


 


Top Soil Protection 


Removed topsoil will be moved to a proper area 
in the Project Site to be used for landscaping 
after construction. 


A viable system will be developed to conserve as 
much topsoil in an ecologically viable way 
either on-site or off-site. 


To avoid loss by surface runoff, soils will be 
covered by tarpaulins or gravel, the ground 
will be covered by impermeable material 
and slope of the soils will not be over 5%. 


Erosion and Sediment Control 


Excavate cross ditches to divert runoff within the 
construction site away from the interception 
channels discharging to the sea. Construct 
settling ponds at the end of cross ditches 
before they connect to the interception 
channels. 


The Project Site will be progressively reclaimed 
through re-vegetation against soil erosion. 


Annual reporting of soil salvage 
and reclamation activities. 


Monitoring and annual reporting 
during construction of the 
effectiveness of erosion 
control efforts. 


Annual visual inspections of re-
vegetated areas to assess 
vegetation establishment 
and facilitate early detection 
of any erosion as well as 
determining vegetative 
growth performance and 
species abundance. 


 


Contractor  


 


During pre-
construction and 
construction stage. 
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Spill Prevention 


See Groundwater section below. 
 


Hydrogeology and 


Groundwater 


Potential effects of the 
possible leakages and 
seepages caused by 
Refinery activities on 
hydrogeology and 
groundwater quality 


 


Spill Prevention Measures 


In order to prevent corrosion which causes leaks, 
tanks’ outer surfaces will be painted and 
isolated with protective material.  


Tanks will be located singly or in groups of four 
at the tank farm areas.  


Secondary containment will be provided around 
the tank groups and single tanks in the form 
of concrete walls around the containment 
areas.  


Drainage channels will be constructed to collect 
any spilled chemicals within the secondary 
containments. Spilled material and any 
contaminated water will be transmitted to the 
collection chambers, and then conveyed to 
the waste water treatment system. 


Groundwater monitoring wells will be constructed 
to monitor the groundwater quality. 


 


  Designs during 
preconstruction and 
during construction 


 


Sea Water Quality 


Camp effluent discharges 
Potential increase in 


erosion due to land 


Temporary prefabricated wastewater treatment 
plant(s) will be installed at the construction 
camp(s) to treat the wastewater to the quality 
required by the regulatory limits. An 
environmental permit including wastewater 
discharge permit will be obtained from the 


Effluent quality of the treatment 
plants will be periodically 
monitored as required by 
the permit. Should the 
permit not state a 
monitoring period, then the 


Contractors During construction 
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disturbance until 
reclamation and re--
vegetation activities 


 


Provincial Administration of MoEF. 
The characteristics of the treatment plant(s) will 


be selected so that the capacity is sufficient 
and the treatment system is appropriate to 
treat the particular wastewater from each of 
the construction camps to the quality 
required by regulations and permits. 


A clarification pond will be located to collect and 
reduce sediments carried by runoff from 
areas affected by the Project, before the 
runoff water is routed to the sea. 


 


monitoring will take place 
once a month. 


 


Air 


• Effects of the Project on 
the ambient air quality 
during construction 


 


• Construction sites, open storage piles and 
transportation routes will be moisturized twice a 
day in hot-dry seasons ; 


• Trucks transporting fugitive material such as 
soil, sand, etc. will be covered to prevent 
dispersion during transportation; and 


• Periodic maintenance will be provided for 
construction machinery and equipment to control 
the exhaust emissions. 


 


• Periodic dust (PM10 and 
settled dust) monitoring will be 
conducted at the closest 
settlement, Petkim lodgments. 


• Exhaust emissions from 
construction and transportation 
vehicles will be periodically 
monitored along with the 
requirements in the Regulation 
on Control of Exhaust Gas 
Emission. 


 


Contractors  


 


During construction. 


Noise and Vibration Construction activities will be limited during night 
time. 


The following control measures recommended 


Weekly noise monitoring will be 
conducted at the Project 
Site. In addition Petkim 


Contractors  During construction 
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• Noise and vibration 
caused by the construction 
machines 


 


by IFC will be applied where possible: 
o Selection of equipment with lower 


sound power levels; 
o Installing silencers for fans; 
o Installing suitable mufflers on engine 


exhausts and compressor components; 
o Installing acoustic enclosures for 


equipment casing radiating noise; 
o Installing vibration isolation for 


mechanical equipment; 
o Limiting the hours of operation for 


specific pieces of equipment or 
operations, especially mobile sources 
operating through community areas; 


o Reducing project traffic routing through 
community areas wherever possible; 
and 


o Developing a mechanism to record and 
respond to complaints. 


• Regular maintenance will be made for the 
construction equipment to ensure decreasing the 
possible high noise levels generated by the 
equipment. 


• In order to reduce the potential noise impacts 
on the residential areas and hospitals in Aliağa 
Town and other settlements, the truck 
transportation period during construction phase 
will be limited to 07:00 – 23:00 hrs. 


workers will be interviewed 
prior to construction to see if 
ambient noise levels, 
especially at night, represent 
an issue. 


The effect of the Project on the 
closest settlement, Petkim 
lodgments will be low. No 
monitoring is required at the 
lodgments, except if 
complaints are received 
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Waste Management 


 


As required by the “Regulation on General 
Principles of Waste Management” the 
wastes generated during construction phase 
will be separately collected and stored on the 
site and will be disposed according to the 
requirements provided in the relevant 
regulations 


Waste stations will be established around the 
Project site, which include all bin types 
required for appropriate segregation of all 
waste types generated in an area. All bins 
shall be clearly labeled including waste oil 
storage tanks. 


Hazardous waste storage areas will be provided 
within the Project Site. These areas will have 
impermeable pavement, will be fenced, 
covered and labeled, as required by the 
Regulation on Hazardous Wastes. 


Visual inspection and recording 
of waste storage and 
collection and the correct 
utilization of disposal areas. 


Monthly monitoring of 
: 


a) generated waste oil 
amount, storage/disposal 
method  


b) hazardous/contaminated 
waste amount and 
storage / disposal method 


c) excavation waste amount 
and storage/disposal 
method 


d) packaging waste amount 
and storage/disposal 
method 


Daily monitoring of: 


� domestic waste amount; 
� medical waste amount. 


 


STAR and 
Contractors 


 


During construction 


 


Hydrocarbons and 


Chemicals Management 


Hold or appoint entities that hold appropriate 
licenses for the transport, handling, storage 
and disposal of hazardous materials as 
relevant to the work under the Contract. This 
includes any Dangerous Goods Licensing. 


Ensure that site approvals for new chemicals 


 Contractors  


 


During construction 
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 brought onto site are in accordance with the 
requirements under the site Health and 
Safety Management Plans, in particular the 
Environmental Management practices and 
procedures. 


Ensure current Material Safety Data Sheets 
(MSDS) accompany all chemicals kept on 
site. MSDS are to be filed with the chemical, 
or a clearly marked sign will direct where 
MSDS are stored.  


If in doubt consult the STAR ESO. 
 


Traffic 


Effects of Project traffic on 
traffic flow 


Effects will the Project 
traffic have on noise 
levels 


 


Develop and implement a project specific Traffic 
Management Plan; 


Scheduling of traffic to avoid peak hours on local 
roads; 


Adopting best transport safety practices with the 
goal of preventing traffic accidents and 
minimizing injuries suffered by project 
personnel and the public; 


Emphasizing safety aspects among project 
drivers; provide training to drivers, 
specifically ensure drivers respect speed 
limits through built areas and urban centers; 


Ensure contractors regularly maintain vehicles to 
minimize potentially serious accidents 
caused by for example, brake failure 
commonly associated with loaded 
construction trucks; 


Scheduling Project traffic for daylight hours, 
where possible, to minimize sleep 


Driver training will be monitored 
to ensure it takes place, 
especially during 
construction; 


Incidents and accidents will be 
investigated and lessons 
learned used as necessary 
to improve traffic 
mitigations. 


Any traffic comments received 
from local stakeholders 
during ongoing 
consultations or from 
grievances received will be 
considered and as 
necessary used to improve 
traffic mitigations. 


Should complaints be received 
during consultation or from 


Contractors  


 


During construction 
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disturbance by increased noise events; 
Scheduling large vehicle (trucks and buses) trips 


as convoys to reduce the number of times 
per day a disturbance may occur, if this 
option is preferred by noise receivers; and 


Maintaining vehicles in good condition to ensure 
they are no louder than other, similar 
vehicles on the roadways. 


 


grievance mechanism, 
noise monitoring will take 
place. 


 


BIOLOGICAL COMPONENTS 


Fauna 


Effect of clearing land 
areas for the refinery 
and other infrastructure 
will result in an impact 
to some vegetation 
communities in the 
short to medium term. 


 


Necessary instructions will be given to 
employees to be hired at the Project site to 
prevent harming those fauna species that 
might be present and BERN Convention 
conservation measures and provisions in 
Articles 6 & 7. 


• Native fauna shall not be captured, fed, 
harmed or disturbed. 


• Road kills of native fauna, including those 
when travelling to the Project Site, shall be 
removed from the road and reported as an 
environmental event. 


• Report all fauna deaths and feral animal 
sightings in the Project Site to STAR ESO. 


• Ensure no pets or other animals are brought 
to the Project Site; 


• Cap all bores at all times; 
• Tape or cover all conduit ends if left open 


overnight to avoid trapping fauna. 


 Mitigation by 
Contractor 


Monitoring by 


STAR 


 


During construction 
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Flora 


Effect of clearing land 
areas for the Refinery 
and other infrastructure 
on flora and fauna in 
the short to medium 
term. 


 


The Project footprint will be minimized to the 
smallest extent possible to meet and support 
the Project works and activities. 


Inadvertent disturbance to the adjacent Petkim 
forest area will be avoided through clear 
demarcation of the Project Site boundaries. 


Dust control measures will be implemented along 
roads, in areas of excavation and earthworks 
and for stockpiles and spoil heaps, as 
described in the Air Quality assessment. 


Progressive reclamation of areas cleared during 
construction but not subject to the placement 
of facilities will occur, with the goal of 
producing a stable vegetative cover to 
minimize erosion from air and water and to 
produce visual and ecological advantages. 


 


Monthly checks to ensure 
that Petkim’s forest area 
has not been 
inadvertently impacted 
by equipment. Should 
any disturbance be 
noted, additional 
measures will be put in 
place to mark the 
boundary of the Project 
site and the forest, and 
construction staff will be 
better instructed on 
avoiding damage to the 
forest. 


 


Mitigation by 
Contractor 


Monitoring by 


STAR 


 


During construction 


 


 


Table 2.5-2 : Proposed Socio-Economic Mitigations and Monitoring during Construction 


Issue / Social 


Impact 


Proposed Mitigation Responsible 


Party 


Schedule / Target 


Completion Date 


Effects of additional 
population due to the 
employment during 


• STAR is planning to employ the reserve workforce in Aliağa in the first 
instance and then employ people from other parts of Turkey. 


• Provide effective and efficient accommodation to minimize the 


• STAR 
• Contractors 


Completion of 
construction camps prior 
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project construction on 
the local community 
and existing resources 


 


potential affects on Aliaga’s existing infrastructural sources for water, 
wastewater, transportation, housing, etc. 


• Construction camps will be established for the temporary employees.  
• The location of the construction camps will be chosen close to the 


Project Site and within Petkim area, to the extent possible.  
• An explicit grievance mechanism will be developed for the Project, as 


described in the Public Consultation and Disclosure Plan (PCDP). 
 


 to construction 


Completion of public 
school to be discussed 
with local authorities 


 


Effects of the Project 
through new 
employment 
opportunities 


 


• Development of Human Resource policies that includes the following 
key elements: 
o Entitlement to and payment of wages; permissible wage 


deductions; 
o Overtime payments; hours of work and any legal maximums; 
o Entitlement to leave for holidays, vacation, illness, and maternity 


and other reasons; 
o Entitlement to benefits; 
o The employees’ right to form and join workers’ organizations; 
o Disciplinary and termination procedures and rights; 
o Conditions of work; 
o Occupational safety, hygiene and emergency preparedness; 
o Promotion requirements and procedures; 


• Ensuring all employees have clear documentation of their working 
relationship to the owner; 


• Developing clear statements to highlight a commitment to non-
discrimination and equal opportunity, as well as similar statements that 
forbid any form of child or forced labor; 


• Developing an internal worker’s grievance mechanism; 
• Documenting efforts to explain to all contractors and non-employee 


workers the key elements of ILO and IFC best practices; and 
• Documenting efforts to explain to suppliers that they must conform to 


• STAR 
• Contractors 
 


During construction 
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international guidelines related to child and forced labor. 
 


 


Table 2.5-3: Proposed Mitigations and Monitoring for Archaeology and Cultural Resources during Construction 


 


Issue / Social 


Impact 


Proposed Mitigation Responsible 


Party 


Schedule / Target 


Completion Date 


Effects of project 
construction on 
unknown 
archaeological 
resources 


 


• A Chance-Find Procedure will be established and implemented for the 
procedure to be followed in case of an accidental archaeological find 
during construction activities, along with the requirements of Law for 
Protection of Cultural and Natural Estates. 


• STAR and Contractors Procedure developed prior to the start of pre-
construction activities and implemented throughout construction. 


 


• STAR; and 
• Contractors 
 


Procedure prior to the 
start of pre-construction 
activities and 
implementation 
throughout the 
construction 
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3.0 ESMP GRIEVANCE MECHANISM 


The grievance mechanism is a procedure through which communities and individuals 
affected by the STAR Project’s activities can formally communicate their concerns 
and grievances to the Owner and facilitate resolutions that are mutually acceptable 
by the parties, within a reasonable timeframe. 


All the Project stakeholders will be encouraged to submit written grievances to the 
Owner’s Community Relations Officer (CRO) and should be reassured that written 
submissions will not be used in any way to intimidate those submitting the 
complaints.  The Owner’s CRO will be the person responsible for coordination of 
stakeholder engagement activities and management of the grievance procedure. 
CRO will not have the direct authority to resolve grievances, but rather will work with 
a team of managers to collect accurate information about a given issue, share it with 
appropriate senior management, and communicate the resolution back to the person 
submitting the grievance. 


Grievances might be submitted using three different ways: 


• Written or verbal communication to the Contractor CRO. 


• Written or verbal communication to Owner CRO; and 


• Written communication through the Muhtars to Owner’s Community Relations 
Team (CRT); 


A grievance form will be prepared for the submission of written grievances through a 
letter or e-mail. The grievance form will include the following basic information: 


• Name of the submitting person; 


• Name of the organization and position, if relevant; 


• Address; 


• Telephone/Fax and e-mail; 


• Preferred means of response; and 


• Details of the complaint (any important details; date of the incident, location, etc.). 


Below is the process to be followed in the event of receipt of a complaint from the 
local community: 


• All grievances will be documented to make sure problems are accurately 
understood and handled appropriately.  Owner CRT will register the received 
grievance and record the verbal grievances in writing. 


• All formal grievances will be responded with a formal reply within three weeks (15 
working days). 


The formal response will provide additional information or, if appropriate, further 
instructions on proposed measures to resolve the issues. 


• Written submissions will not be used in any way to intimidate the person or 
organization submitting the complaint. 
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• As a general rule, names of persons submitting a grievance will be kept 
confidential unless a grievance is made in a public meeting. Only the number of 
grievances and the general nature of complaints will be regularly reported. This 
information will be summarized in a grievance registry, but personal information 
will be kept private. 


• Grievances received anonymously will be treated as comments or issues and 
recorded, but no formal response will be issued. 


• While efforts will be made to resolve all grievances amicably, if a grievance 
cannot be resolved by the Owner, the Owner will seek to involve other external 
experts, neutral parties or local and regional authorities, as necessary. 


Grievances will be recorded in a grievance registry as provided in Table G.4-6 of the 
ESIA. 


• Community Complaints and Grievance Mechanism 


The objective of the Grievance Mechanism is to demonstrate responsiveness to 
stakeholder needs and facilitate a trustworthy and constructive relationship. 


It has to be noted that there is already a grievance  procedure for the project. 


 


Table A-6: Complaint Management and Grievance Registry 


 


Date of Record  


Aggrieved Person(s)  


 


Source of Grievance  


 


Grievance Details  


 


 


 


 


 


Redress Approach/Action  
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Internal Action Party  


 


 


External Action Party  


 


Status   


 


Monitoring  


 


Close out Date  
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3.1 Monitoring and Reporting 


Reporting progress of stakeholder engagement will form part of the Community 
relations and social impact management (CRSIM) and will act as a monitoring tool to 
assess performance on CRSIM. This reporting mechanism will inform the STAR 
management team members of the progress made in implementation of the 
stakeholder engagement plan. The sample chart below describes reporting 
requirements for the community liaison team: 


 


 


WHAT to REPORT FREQUENCY 


Community Incidents Same day 


Community Complaints and/or disputes  Within 1 day of the complaint 


Community liaison activities carried out  Weekly 


Planned community liaison activities  Weekly 


Performance against targets  Monthly 


Summary of meeting with local authorities  Within 2 days of the meeting 


 


 


3.2 Public Consultation and Disclosure during Construction 


The main objective of the program during this phase is to maintain ongoing positive 
community relations and ensure that all interested stakeholders/parties will be kept 
informed on all Project activities. 


STAR Community Relations Team (CRT) will be responsible for organizing and 
implementing these relations and consultation activities. The team will use various 
channels to reach to the local people in order to encourage them to participate in the 
meetings, such as bulletins, announcements at the local newspapers and radios. 
STAR CRT will meet the Muhtars in Aliağa before a disclosure and engagement 
meeting, to inform them about the objectives and contents of the activities and to 
ensure they will support the consultation and engagement activities. 


Construction Phase 


Pre-Construction: STAR will arrange a public meeting with community members. This 
meeting will be open to all community members; the number of participants is not 
pre-planned. 


If the number of participants is too much to complete the meeting in one session, the 
number of meetings will be increased. The meeting will constitute an opportunity to 
explain and discuss project related community issues associated with the 
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construction activities and to assess expectations regarding benefits and 
opportunities that may emerge from the project. 


Construction: STAR and Contractor CRT will hold regular engagement sessions on a 
monthly or bi-monthly basis with the community throughout the construction period to 
ensure that a continuous dialogue with the affected communities is maintained by 
keeping them informed and sharing views and ideas. 


Consultation Method 


Table A-3 lists the stakeholders that are to be engaged during the construction and 
operation periods. The table includes only generic information on the objectives and 
method of engagement. For each stakeholder engagement session in a given 
locality, a more detailed agenda will be prepared depending on the topics that need 
to be articulated, project requirements at a given time and any impromptu issues. 
The agenda will identify the community members that will be engaged, exact timing, 
date, topics to be discussed etc. 


Table A-3: Stakeholder Consultation and Disclosure Method during Construction 


Stakeholder 


Groups 


 


Stakeholder Objectives Method Timing and 


Frequency 


 


STAR 


Contact 


Point 


Governmental 
Authorities 
 


Local / Provincial 
Directorates of 
Relevant 
Ministries and 
Administrations 


• Environment 
and Forestry 


• Health 
• Labor and 


Social 
Security 


• Education 
• Civil Services 
• Legal Affairs 
• Transport 
• Energy 
 


• Speed-up 
permitting 
procedures 


• Coordination 
of security 
issues 


• Data 
requirements 


• Advice on 
related-
sector issues 


• Coordination 
on 
implementati
on of the 
community 
development 
plan 


 


• Meetings 
• Formal 


information 
letters 


 


• As and 
when 
required 


 


ESO / 
CRO 
 


Local 
Community 
 


Muhtars 
• Atatürk 


Mahallesi 
• Kazim Dirlik 


Mahallesi 
• Kurtulus 


Mahallesi 
• Kültür 


Mahallesi 


• Inform 
Muhtars 
about the 
progress of 
the Project 


• Raise 
awareness 
on potential 
disturbances, 
hazards and 


• Meetings 
• Formal 


information 
letters 


 


• 1 month 
prior to 
the arrival 
of the 
constructi
on team 


• Bi-weekly 
once 
constructi
on team 


ESO / 
CRO 
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• Mimar Sinan 
Mahallesi 


• Yalı 
Mahallesi 


 


community 
safety issues 
associated 
with 
construction 
and 
operation 
activities, 
and 
mitigation 
measures 
taken by 
STAR 


• Manage 
community 
expectations 
through 
dialogue and 
participation 


• Ensure 
grievances (if 
any) are 
addressed 
and resolved 
to the 
satisfaction 
of both 
parties 


 


mobilizes 
• CROs will 


visit 
Muhtars 
on a 
monthly 
basis 


 


NGOs NGOs • Share best 
practices for 
addressing 
community 
issues 


• Develop co-
operation for 
implementati
on of the 
social 
management 
plan 


 


• Meetings 
• E-mails 
• Workshop


s 
 


When 
required, 
throughout 
the 
construction 
and 
operation 
period 
 


ESO / 
CRO 
 


Internal STAR 
 
 


• STAR 
 


• Align 
corporate 
objectives 
and Project 
requirement
s with 
community 
needs 


 


• Project 
meetings  


 


Monthly or 
as required 


ESO / 
CRO 
 


Stakeholders • STAR staff 
• Contractor 


• Ensure 
continuous 


• E-mails 
• Telephone 
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staff  
 


communicati
on and share 
of Project 
information 
among 
Project team 
members 


• Contribute to 
decision 
making in 
Project 
planning and 
execution 
and 
community 
aspects 


• Provide 
advice on all 
community 
programs 
and issue 
management 
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4.0 HSES ORGANISATION --- ROLES and RESPONSIBILITIES 


The efficient implementation of an HSE Management System requires a well-defined 
organization and clearly described responsibilities particularly for HSE. 


Every project party involved in the project shall define their organization for the 
project for the execution of the HSE related activities to be in compliance with HSE 
requirements of the project.  


In that respect the ultimate responsibility of performing the project activities in line 
with Project Environment, Health, Safety and Social requirements lie with the project 
owner i.e. owner project management. 


The STAR project Owner organization for Health, Safety, Environment and Social is 
given in Figure 3. 


4.1 The Project Management 


The Owner Project Management will: 


• Provide resources the implementation of the Project Environment, Health, 
Safety and Social Management System described ; 


• Encourage the proactive involvement of all project personnel in executing the 
management program; 


• Verify that employees are aware of and understand their Environment, 
Health, Safety and Social Management System responsibilities; 


• Oversee Environment, Health, Safety and Social performance on the project. 


4.2 HSE Manager 


For the day to day implementation of the management system elements, STRAŞ will 
appoint an Health, Safety and Environment (HSE) Manager reporting to the project 
management. The HSE Manager will: 


• Report to the STAR Management on the H&S performance of the site teams; 


• Audit the HSE teams of the Owner at site; 


• Ensure that the HSE training programme is in place; 


• Establish a safety committee representing the various trades. The Committee 
will meet periodically, to discuss safety issues and make recommendations. 
The Committee shall be involved in site safety inspections; 


• Monitor the performance of the H&S programme and initiatives introduced 
throughout the project; 


• To liaise with the Site Engineering and Construction/EPC Supervision to 
ensure that he is involved and kept informed of all site activities, including 
work method statements and risk. 


4.3 Environmental and Social Officer (ESO) 


There will be an Environmental and Social Officer (ESO) for the Project reporting to 
the HSE Manager in the beginning of the pre-construction/EPC activities.  
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The ESO will: 


• Supervise the implementation of overall environmental and social mitigation 
activities defined by the ESMP; 


• Be the STAR point of contact for Contractors as well as for Project 
stakeholders including the Governmental Authorities, Municipality, NGOs and 
the local community; 


• Provide Environmental and Social  Administrative support for the HSE 
Manager; 


• Coordinate and maintain the preparation of plans, procedures, work 
instructions etc.; 


• Manage and audit the personnel under his control and ensure they have the 
required training; 


• To establish an inspection/audit scheme and review the results of 
inspections/audits and identify any issues and deficiencies, to be brought to 
the attention of the management. 


The Contractors will report to ESO all the environmental and social issues and 
performance related to the Project. 


4.4 Community Relations Officer (CRO)  


The CRO (reporting to the ESO), will act as an interface between STAR, contractors 
and the local community. He/she will function as a focal point for resolution of 
community complaints and grievances, and will also organize required meetings with 
the national/regional authorities. While implementing the community liaison program, 
he/she will organize meetings with the national and regional authorities on issues 
related with the project. STAR CRO will provide advice and support to the Contractor 
CRO about the emerging community issues. STAR CRO will record community 
related issues and report the activities of community liaison.  


4.5 Auditing Supervisor 


The Auditing supervisor will ensure the project works have been audited at routine 
intervals against the project requirements. 


The auditing supervisor will report to the ESO. 


4.6 Health and Safety Officer 


The Health and Safety Officer will; 


• Provide H&S Administrative support for the HSE Manager 


• Coordinate and maintain the preparation of plans, procedures, work 
instructions etc. 


• Manage and audit the safety personnel under his control and ensure they 
have the required training. 


• To establish an inspection/audit scheme and review the results of 
inspections/audits and identify safety issues and deficiencies, to be brought to 
the attention of the management.  
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• Co-ordinate the investigation of any incident and identify any trends relevant 
to incident investigations  


• Perform / Update assessments of health risks 


• Prepare the Project Medical Plans and Procedures 


• Review Contractor Plans, Procedures, Work Instructions, Method Statements 
and Risk Assessments, including TSA’s 


4.7 Health Supervisor 


The Health supervisor will: 


• Review the results of inspections of the site to identify health or medical 
issues and deficiencies, and to advise the Health and Safety Officer. 


• With support of contractor Project Medical Services and appropriate 
subcontractors, coordinate the preparation of Health and Medical procedures  
for the EPC phase activities 


• Supervise all health related issues in accordance with subcontractors 


• Monitor and track all personnel Health and Medical issues, associated with 
the Project  


4.8 Safety Supervisor 


The Safety Supervisor will: 


• Interpret the requirements of the other H&S Plans, Procedures, Work 
Instructions etc. for the benefit of the Site Managers 


• Confirm with the Site Manager the potential severity of all Incidents, 
specifically Near Miss incidents 


• Act as a team member of all Incident Investigation committees 


• Participate in Site Audits / Inspections in conjunction with the Project Audit 
and Inspection Programme 


• Coordinate the training programme for the site safety inspectors 


• Develop, assist and conduct on-site H&S training for all levels of personnel 
ensuring a consistent  


• Conduct daily H&S inspections of all worksite and storage areas associated 
with the site works programme 


• Collate all Key Performance Indicator data and transmit on a weekly basis  


• Attend toolbox talks on a regular basis  


• To participate in daily site  meetings 


4.9 Inspectors and Firefighting Team 


They will be directly report to the Safety Supervisor.  
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The inspectors will be actively performing the scheduled site inspections and report 
the findings to the Safety Supervisor. 


The Firefighting team will be responsible to take the necessary actions during 
emergency situations. 


4.10 Contractor Organisational Requirements 


The Contractors will report to HSE all the Environmental and Social and Health and 
Safety issues and performance related to the Project. 


In the execution of the works under the EPC Contracts, the Contractor shall comply 
with the relevant environmental requirements detailed herein and the project EIA and 
ESIA. The Contractor shall implement and demonstrate compliance with these 
requirements at all times. Unless notified as exempt from STAR, Contractors must 
submit an Environmental Management Plan (EMP) that meets STAR’s Minimum 
Environmental Standards for EPC Contracts and specific project requirements stated 
in this document. The Contractor shall appoint an Environmental Representative 
(ER) for the Project Site; and nominate an Alternate ER to delegate the 
responsibilities when the appointed representative is off site. Contractor’s personnel 
shall receive a Project Site induction including Project’s environmental requirements 
delivered by STAR, prior to commencing work on site. Contractor’s personnel, who 
will have jobs with significant environmental risks, shall receive a specific 
environmental training in addition to the induction. This training shall be delivered by 
the Contractor, with the support of STAR ESO.  


The Contractor’s appointed ER is responsible for internal environmental site audits 
and inspections. Non-conformances and hazards identified by the Contractor during 
inspections shall be documented, addressed with appropriate corrective and 
preventive actions. All active work areas shall be inspected by the Contractor’s 
supervisors on a weekly basis as a minimum. All contractors shall report 
environmental events, near-misses and potential hazards within an agreed 
timeframe. The definition of the environmental events shall be documented and 
communicated to the Contractor’s personnel. Take appropriate immediate actions to 
minimize the extent of environmental damage and pollution arising from events. 


The Contractor shall identify the events with a potential of significant environmental 
impacts and prepare appropriate response plans for the mitigation of such impacts. 
As a minimum the emergency response plan shall address events and impacts of 
major hydrocarbon and chemical spills, natural hazards of flooding and earthquake, 
and fire; and provide adequate equipment and materials to effectively manage 
emergencies. 


Regarding the detailed HSE Management system elements, organisational 
requirements of the contractor is given in the following sections. 


The interaction between the project Owner and the Contractor is given in Figure 4.  


4.11 PMC HSE TEAM 


The project management consultant will establish a HSE team composed of PMC 
HSE Manager and PMC HSE officer.  
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They will report to the STAR HSE Manager and provide guidance and assistance to 
the STAR HSE Manager for the establishment, implantation, maintenance and 
monitoring of the project HSE Management system, programme and the action plan. 
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Figure 5 Organisation chart of project Owner 
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Figure 6 Interaction with Owner and Contractor organizations 
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5.0 CONTRACTOR HSES MANAGEMENT SYSTEM 


5.1 General 


The EPC Contractor’s corporate HSES Management System will provide an integrated 
tool—a set of “requirements documents”— to execute the Contractor’s commitment to 
continually improving HSES performance. 


Contractor practices will meet––or wherever practical surpass––the relevant statutory 
requirements, codes of practice, guidance notes, industry codes and standards.  These 
corporate documents must be used to develop Site-Specific HSES procedures and 
plans, and will be made available to JV Partners and Subcontractors for them to adopt 
and implement the JV’s HSES Management System. 


This approach provides consistency and control in the management of HSES risks.  
Specific Site procedures and plans may be more stringent than the corporate practices.  
The more stringent of comparable requirements documents will be used. 


5.2 Legal Requirements 


Contractor is responsible to verify that pertinent legislative and corporate governance 
requirements, including contract requirements, are met in each specific office or Site-
specific procedure. 


5.3 Aliaga Community 


EPC Contractor has a prime responsibility to meet its obligations to the Aliaga 
Community as defined in the Environmental Social Impact Assessment (ESIA). 


The EPC Contractor Community Relations Officer (CRO) will organize and participate in 
the meetings with the local communities prior to arrival of construction team to a given 
locality. During the construction period, he/she will, along with Owner and the Owner’s 
Representative, regularly meet with the community members about the resolution of 
community issues. The EPC Contractor CRO will be responsible to keep records of all 
consultation and communication activities with the local community and the complaints 
and grievances of the local community.  He/she will not only function as a reporting 
mechanism but also as a tool to help resolution of the grievances. 


Grievances will be received and processed as per the ESIA (Reference ESIA Sections 
G.4-6 and G.4-7). 
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5.4 POST-EVENT     


c. Reporting 


All incidents including fires, explosions, material damages, lubricant or chemicals 
leakage and important accidents in which an employee is injured should be reported to 
the Contractor’s Occupational Health and Safety Manager. 


d. Press Relations 


The followings should be ensured about the press/public relations regarding the 
emergencies: 


• It should be ensured that in the facility, a person is designated to be responsible for 
the press relations and all relations should be carried out by him/her. 


• This person should be trained in press relations. 


• An assistant should be designated to assist with the person responsible for press 
relations in the written and oral press statements. 


• All press statements should be made and approved by the STAR ARP Manager. 


• A procedure should be established to restrict the entry of the press into the site. 


• Generally, nobody but the response teams should be permitted to enter into the site 
during the incident. 


• A procedure should be established to address the requests of the employees and 
their families. 


• Procedures should be established to use the press effectively for stating the need in 
the emergencies and the current situation. 


• Procedures should be established to address the requests and concerns of the 
employees and public after an emergency. 


• Procedures should be established to address the questions about the chemical or 
smoke intoxication which can be prepared by the public and emergency authorities. 


It should be ensured that all employees are informed via a form entitled “I’ve read and 
understood the Site Emergency Response Plan” (this form should include 
Contractor/Department, Name and Surname, workplace, signature and date.) 
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PURPOSE


The purpose of this monitoring report is to fulfill the obligation under the CTA Clause
16.15 requiring STAR to provide the Lenders with periodical information about
Environmental and Social Matters arising in relation to the Project Company (STAR)
and/or the STAR Refinery Project during financial half year ending in December 2014.


In particular it is required to provide information about the compliance with:


· Environmental and Social Standards


· Environmental and Social Laws


· Environmental and Social Action Plan


· Environmental and Social Monitoring Plans


This report is intended to be issued on a semi-annual basis during the construction phase
and on an annual basis during the operation phase of the Project.


APPLICATION


This document refers to the EPC and operation phase of the STAR Refinery Project (the
“Project”)


DEFINITIONS


PROJECT COMPANY: STAR Refinery A.Ş (“STAR”)


PMC CONTRACTOR: AMEC Foster Wheeler (“AMEC FW”)


EPC CONTRACTOR: Joint Venture between
TECNICAS REUNIDAS, SAIPEM,
GS E&C, ITOCHU (“JV”)


ENVIRONMENTAL CONSULTANT:  Golder Associates (“GA”)


LENDERS:


ECA Direct Lenders
· EXPORT DEVELOPMENT CANADA
· EXPORT-IMPORT BANK OF THE UNITED STATES
· JAPAN BANK FOR INTERNATIONAL COOPERATION


Commercial Lender
· T.GARANTİ BANKASI A.Ş.


CESCE Lenders
· Banco Popular Español, S.A.
· Banco Bilbao Vizcaya Argentaria S.A.
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· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.A.E.
· ING Bank, a Branch of ING-DiBa AG
· CaixaBank, S.A.
· Banco Santander, S.A.
· Société Générale


K-SURE Lenders
· BNP Paribas, Seoul Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank AG, Hong Kong Branch
· ING Bank, a Branch of ING-DiBa AG
· The Korea Development Bank
· KfW IPEX-Bank GmbH
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


NEXI Lenders
· BNP Paribas, Tokyo Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank, Tokyo


Branch
· ING Bank N.V., Tokyo Branch


SACE Lenders
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.p.A
· Intesa Sanpaolo S.p.A., Dubai Branch
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


LENDERS’ ADVISOR: D’Appolonia (“DA”),
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ACRONYMS


AP Action Plan
Project STAR Refinery Project
BAP Biodiversity Action Plan
BAT Best Available Technology
DEVELOPMENT
STRATEGY


Execution plan


EBRD European Bank for Reconstruction and Development
EHS Environmental, Health, and Safety
ERP Emergency Response Plan
ES Environmental and Social
ESAP Environmental and Social Action Plan
ESHS Environmental, Social, Health and Safety
ESIA Environmental and Social Impact Assessment
ESMP Environmental and Social Management Plan
ESMS Environmental and Social Management System
EU European Union
GHG Greenhouse Gas
GUIDELINES Company management plans, which are listed in the ESAP and to be


provided to Contractors to explain how they have to develop their
Management plans in line with the requirements


HS Health and Safety
IFC International Finance Corporation
OHS Occupational Health and Safety
PR Performance Requirement
PS Performance Standard
QRA Quantitative Risk Analysis
SEP Stakeholder Engagement Plan
SOCAR State Oil Company of Azerbaijan Republic
STAR SOCAR Turkey Aegean Refinery
WWTP Waste Water Treatment Plant
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1.0 INTRODUCTION


1.1 Context


STAR Rafineri A.S. (hereinafter referred to as “STAR”) is the developer, owner
and operator for a greenfield complex crude oil refinery (hereinafter referred to
as the “STAR Refinery”) in the Izmir region within the framework of STAR
Refinery Project (hereinafter referred to as the “Project”).


STAR requested to the Lenders a support for financing the Project and identified
the potential environmental and social impacts of the initiative into an
Environmental and Social Impact Assessment study (“ESIA”) which has been
disclosed to the Lenders.


The Lenders requested STAR to carry out several actions and to comply with
dedicated clauses in order to assure the financial closure of the Project. A
dedicated Environmental and Social Action Plan (ESAP) has been prepared by
Lenders with the support of D’Appolonia (DA, acting as Lenders Environmental
& Social Consultant) to achieve the Project full compliance with the applicable
requirements (Turkish regulation and IFC ESHS policies and standards).


The Lenders requests have been summarized in a list of 26 items, which contains
reporting Item ID, Item description and Lenders’ specific request for each item.
STAR agreed the ESAP with Lenders providing implementation deadlines and
progress indicators for each of the ESAP Items.


The ESAP is provided as Attachment 1of this report. The ESAP Items are
detailed in the following Table.


ESAP
Item Description


1 Supplements to the ESIA packages
2 Occupational Health and Safety analyses
3 Process safety
4 Quantitative Risk assessment (QRA)
5 Environmental and Social Management System
6 Stakeholder Engagement Plan
7 Emergency Response Plan
8 Employment policy and procedures
9 Occupational Health and Safety procedures
10 Supply Chain Management Plan
11 Resource Efficiency Management Plan
12 GHG Management Plan
13a Air emissions - Prevention and Control into the Refinery fences
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13b Air Quality Monitoring program
14 Sea water and monitoring groundwater plan
15 Waste water management
16 Soil and Contaminated land management
17a Noise Prevention and Control - Source emissions
17b Noise Prevention and Control
18 Fugitive Particulate Matter
19a Waste management
19b Hazardous materials management
20 Workers and Community Health management plans
21 Traffic management plan
22 Security Management plan
23 Biodiversity Action Plan
24 Terrestrial Flora and Fauna Management Plan
25 Invasive alien species prevention
26 Chance find procedure


Finally several Environmental and Social covenants to be fulfilled by the STAR
Project have been included in the Common Terms Agreement between STAR
and the Lenders referring to:


- Environmental and Social Incidents;


- Environmental and Social Monitoring Reports;


- Site Visits/Cooperation;


- Environmental and Social Laws /Environmental Licenses;


- Environmental Claims;


- Compliance;


- Environmental and Social Compliance.


1.2 Summary of previous monitoring reports


The relevant information regarding the previous six-month is included in the
following report:


- Environmental and Social Monitoring Report- Periodical report No. 1-000-A-
OE-0090001(Semester Ending: June)
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1.3 Summary of the STAR REFINERY PROJECT progress


Construction activities at the Project site have not started yet; based on the
Schedule agreed with EPC Contractor Construction activities is expected to start
in March 2015. The first phase of camp facility installations are also planned to
be completed by mid-February 2015.


Site preparation works are currently being carried out at the refinery area since
January 2012; no activities have been initiated in the Jetty area.


Site preparation works at the refinery area mainly consist of:


- Excavation  and Earth filling Works
- Gabion Wall
- Guard Rail Installation
- Soil Nailing Works
- Shot Crete Application
- Drainage Works
- General Drainage System
- North Sea Discharge Line
- Permanent Road Works
- Fence Work
- Patrol Road Reno Mattress
- Area 1&2&3 Excavation
- Area 1 Earth filling
- Temporary Facility Installations
-  Installation of Camp Areas


The following Tables provide the list of the ongoing works in terms of types
and percentage.
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SITE PREPARATION WORKS
PROGRESS STATUS


No Activity Unit Total Quantity Actual Quantity Remaining Quantity Actual % Complete Planned %
1 Excavation Works m3 9.752.100 9.167.419 584.681 94,00% 96,51%
2 Earthfilling Works m3            3.022.787            2.727.555               295.233 90,23% 99,99%
3 Gabion Wall m2                 81.209                 70.049                 11.163 86,26% 100,00%
4 Guard Rail Installation lm 12.612 - 12.612 0,00% 74,81%
5 Soil Nailing Works lm                 84.348                 82.116                   2.232 97,35% 100,00%
6 Shotcrete Application m2                 26.606                 24.154                   2.452 90,78% 100,00%
7 Drainage Works lm 22.416 6.251 16.165 27,89% 94,19%
8 Permanent Road Works m2               217.487                         -               217.487 0,00% 75,00%
9 Fence Work lm                 11.581                   5.552                   6.029 47,94% 99,85%


10
Patrol Road Reno
Matress m2                 15.000                         -                 15.000 95,17%


11 Area 1&2&3 Excavation m3               523.458               523.458                         - 100,00% 100,00%
12 Area 1 Earthfilling m3 60.828 60.828 - 100,00% 100,00%
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PROGRESS SUMMARY as of December 2014


Description Weight %
Weekly % Cumulative %


Plan Actual ∆ Plan Actual ∆


Site Preparation & General 20,17 0,69 0,21 -  0,48 49,00         48,04 -  0,96


Main Construction & Pre-commissioning 78,83 0,07 0,00 -  0,07 0,22           0,01 -  0,21


Commissioning & Start-Up 1,00


OVERALL (Constr. + Pre-comm. + Commiss. & Start-Up) 0,19 0,04 - 0,15 10,06           9,70 - 0,36
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The actual status in relation to the operation of dumping sites is summarized in the following table:


STATUS – DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume (m3) Permit Status


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed.


2 Areas 2 & 3   150.000 150.000 0 Yes / Completed.


3 Güzelhisar D-1 1.104.731 1.104.731 0 Yes / Completed.


4 Güzelhisar D-2 60.000 60.000 0 Yes / Completed.


5 Industrial Zone 194.021 194.021 0 Yes / Completed.


6 Caltılıdere 2.111.135 2.111.135 0 Yes / Completed.


7 Dere Madencilik 4.000.000 877.124 3.122.876 Ongoing


8 Güzelhisar E 2.238.977 2.238.977 0 Yes / Completed.


9 Çıtak-1 1.143.784 1.143.784 0 Yes / Completed.


10 Çıtak-2 900.000 489.429 410.571 Yes for 470.000 m3. Rest is ongoing.


11 MKE 37.995 37.995 0 Yes


12 Terrace 13 1.300.000 753.918 546.082 Yes


13 Others 142.085 142.085 0 Yes


Total (m3) 15.822.798 10.993.269 4.079.529
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Key Achievements of STAR Project for the second half of 2014 are given as below:


1. Celebration of 3,000,000 MH without Lost Time Injury performed.


2. Construction Permits for STAR Refinery area completed.


3. Project Master Schedule submitted on 18th September '14 is approved and frozen as Project


Baseline.


4. Owner and PMC conducted two-day risk management workshop and this has been followed


by Contractor’s risk review session during November 2014 with participation from Owner


and PMC.


5. Site preparation of Terraces 9, 10, 11 and 12 have been completed and those Terraces are


ready for Construction activities commencement.


6. Remedial Works Subcontractor is mobilized to site in order to make trial test anchoring.


7. Engineering Works for Pipeline System between Petkim & Star Refinery started.


8. Subcontractor for Waste Water Treatment Plant, Industrial & Administration Building was


awarded.


9. Subcontractors for Tank construction, Marine works, Civil works for Areas 1&2 and Site


preparations for extension area were awarded.


10. Connection agreement with TEIAŞ for Refinery Power supply has been signed.
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2.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS


This section of the monitoring report presents the information for verification of
the Project compliance with the applicable CTA Environmental and Social
Covenants.


2.1 Environmental and Social Monitoring Report (CTA Clause 16.15)


This report represents the Environmental and Social Monitoring Report referred
to in CTA Clause 16.15 and it is issued on a six monthly basis. It presents a
summary of the Environmental and Social Monitoring activities carried out in the
last half of financial year.


A. Monitoring methodology and information on compliance


STAR and the EPC Contractor have been developing a monitoring system for the
construction and operation phases of the Project to be implemented through
measurement activities and a comprehensive audit program.


This system has not been finalized yet (reference to ESAP and to section 3 of this
report).


Amongst the above system, the Environmental Impact Assessment (EIA)
consents require monitoring activities to be performed by the Project under
Turkish Legislation. These monitoring activities are performed according to
Turkish Communicate Gaz. No. 27436, 18/12/2009 by filling on a quarterly basis
the “Monitoring and control form” in Annex EK-4 (hereafter referred to as EIA
Monitoring Reports). These monitoring requirements are currently being
included in the STAR monitoring system being developed.


EIA Monitoring Reports for the refinery construction have been prepared (with
the support of Envy, the consultancy firm that prepared the EIA study for the
refinery) and submitted by STAR to the MoEU starting from November 2012.
These reports provide details related to site preparation of the refinery area. The
EIA Monitoring Reports issued within the monitoring report are provided as
Attachment 2, 3 and 4  of this report.


B. Measures taken to remedy non-compliance


No non-compliance was identified in the reporting period therefore there have
been no measures taken to remedy any non-compliance.
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C. Governmental Consents and Governmental Entities


Governmental Consents in relation Environmental and Social İssues for the
Project are:


· EIA Consent for STAR Aegean Refinery Project – 08.12.2009


· EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1
and 2)


· EIA Consent for jetty and filing project – 14.02.2014 (including Jetty No. 3
and 4). Though the consent for Jetty No. 4 has been granted, jetty No. 4 is
not to be built as per the latest design and capacity calculations.


· EIA Consent for Refinery revision and additional storage tank project –
18.07.2014. The content of this EIA Consent is in line with the latest version
of ESIA.


D. Health and Safety management


STAR is requesting a monthly HSE statistics report from the EPC Contractor for
the performance of the ESHS Management System. The statistics include the
subcontractor activities as well.


Following values have been recorded for STAR and EPC Contractor activities
during the second half of the year 2014.


HSE STATISTICS SECOND HALF
(from July to Dec'14)


STAR Cumulative
second half of 2014


EPC Cumulative second
half of 2014


1. Accident & Incident Report


a. Number of Fatality Accident 0 0
b. Number of Fatalities 0 0
c. Number of Lost Time Injuries (LTI) 0 0
d. Number of Medical Treatment Cases (-) out of LTI (MTC) 0 1
e. Number of Incidents (First Aid Case) 1 2
f. Number of Restricted Workday Case (RWC) 0 3
g. Number of Property Damaged Incident/Accident 0 5
h. Number of Traffic Accident 0 9
i. Total km of vehicles 241.227 779.411
j. Fire Incident 0 0
k. Number of Nearmiss 1 14
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l. Unwanted Occurrence (UO) 0 0
m. Number of Spill / Environmental Impact 0 0
n. Number of Security / Violence 0 0
o. Total Recordable Incident (TRI=a+c+d+f) 0 4
p. Total Number of Incidents (a+c+d+e+f+g+h+j+k+l+m) 2 34


2. Personnel Information


a. Total Number of Man-Hours Worked 87.792 719.689
b. Total Number of Safe man-hours 87.792 719.689
c. Days without LTI 153 187


3. Accident & Incident Rates
a. Total Number of Lost Day 0 0
b. Total Number of Lost Hours 0 0
c. Total Number of Lost day of Restricted case 0 54
d. Fatality Rate 0 0
e. LTI Rate 0 0
f. TRI Rate (Total Recordable Incident) 0 7
g. Total Number of Incident Rate 27 58
h. RWC Rate (Restricted Workday Case) 0 5
i. MTC Rate (Medical Treatment Case) 0 2
j. Near-Miss Rate 13 23
k. Unwanted Occurance Rate (UOR) 0 0


4. Training
a. HSE Induction Courses (hours) 258 1.228
b. Attendees Trained 42 614
c. Specific HSE Courses (Hours) 638 1.483
d. Attendees Trained 206 774
e. Others (hours) 109 13
f. Attendees Trained 201 13
g. Total Training Hours 1.005 2.724
h. Total Attendees Trained 449 1.401


5. Meetings


a. Toolbox Talks 13 3.176
b. Supervision Meeting 0 1
c. HSE Meeting 6 55
d. Other Meetings 2 1


6. HSE Activities


a. HSE Inspection 0 199
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E.


F. Environmental and Social laws changes


The following ESHS regulation has been issued in the period July 2014 –
December 2014:


TITLE OFF. GAZ.,
DATE


Secondary Regulation /Communique on Monitoring,
Reporting and Verification of Greenhouse Gas Emissions


29068, 22/07/2014


Revision to the Regulation on Control of Industrial Air
Pollution


29211, 20/12/2014


Reference to these regulations has been included in the ESHS Management
System documents currently being developed.


b. Walk-Around (Management) 0 125
c. Emergency Drills 1 1
d. Noise & Dust & Vibration and other Control 1 0


7. Audits


a. External Audit 0 2
b. Internal Audit 0 1


8. Waste Management
a. Hazardous Waste (No of containers) 0 400
b. Domestic Waste (No of containers) 0 4.706
c. Metal Waste (Kg) 0 35.500
d. Recyclable Waste (No of containers) 0 29.200
e. Wood Waste (No of containers) 0 3.100
f. Sewage Waste (Trip) 0 510
g. Inert Waste (kg) 0 0


9. Safety Observation/Inspection
a. Number of Safety Observations 0 415
b. Number of Safety Observations 0 436


10. Health-Medical Reports
a. Number of Patients Visited Doctor 99 982
b. Total Number of Patients to Whom given Days Away


Due to 15 2
c. Total number of days away due to illness 24 2
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G. Non-confidential Information provided to shareholders


Not applicable.


2.2 Environmental and Social Incidents (CTA Clause 16.14)


No environmental and social incidents reported in the last half of 2014.


2.3 Site Visits – Co-operation (CTA Clause 16.16)


No specific progress to report.


2.4 Compliance (CTA Clause 19.3(b))


The Project has prepared an ESIA study and an ESAP for compliance with
applicable national and international requirements.


The Project is operated in accordance with the defined environmental and social
requirements.


2.5 Environmental and social compliance (CTA Clause 19.9)


The Project has been taking actions to be in compliance with the requirements
under


· Local Legislation mainly stipulated by the EIA Consents and license;


· National Environmental and Social regulation;


· International Requirements stipulated by the ESIA and the ESAP (i.e. with
IFC EHS Performance Standards and Guidelines);


The Project has been performing reporting and monitoring activities as per the
EIA consent as below;


· EIA Monitoring Report (App. 4/EK 4) has been prepared on a quarterly basis
since November 2012 and submitted to the Ministry of Environment and
Urbanization.
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3.0 ESAP WORK PROGRESS


The objectives of the present section are:


- To update Lenders on the status of STAR activities to achieve the goals and
objectives set out in the ESAP;


- To provide highlights of the work performed by STAR during the considered
six month or one year period, whichever is applicable;


- To recognize notable accomplishments of the ESAP milestones and /or point
out possible inconsistencies with the ESAP timing activities.


The part of documentation  including ESIA supplements, ESHS policies, ESMS
Strategy, ESMPs and procedures has been completed and already submitted to
the Lender’s advisor in August 2014 and has been approved.


The implementation of Plans and Procedures has taken a start following
document issuing.


The documentation that is required to be developed with a different schedule
(e.g. prior to the start of operations) will be developed and implemented within
the deadlines indicated in the ESAP.


The documentation that have been already issued and to be developed are
detailed in the following subsections, one for each item of the ESAP; deadlines
for implementation are indicated in brackets.
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3.1 Supplements to the ESIA
packages (Item 1)


Documentation that are approved and issued within the end of August
2014:


- Document presenting associated facilities and related ES impacts
- Dumping site management and reinstatement plan
- Assessment of risks and impacts associated with primary supply


chains (see also Item 10)
- Supply chain management Plan (see also Item 10)
- Revised GHG emission report (see also Item 12)


The following Documentation has been issued in draft to STAR by
contractor Golder/International SOS within the end of December 2014:


- Public Health Impact Assessment HIA (see also Item 20):
- Scoping [Jan. 2015]


The draft HIA scoping report is available and is currently being reviewed
by STAR; the final report is expected to be issued as final within the
ESAP estimated deadline (indicated in brackets).


Other documentation to be developed (deadline is indicated in brackets):


- Public Health Impact Assessment HIA (see also Item 20)
- Baseline - [Mar. 2016]
- Impact assessment [Sep. 2017]


- Ambient Air Quality monitoring system progress indicators
(see item ID 13b) [prior to Start of Operations]


3.2 Occupational Health and
Safety analyses (Item 2)


The documentation to be developed (deadline is indicated in brackets):


- Job hazard analysis [July 2017]


3.3 Process safety (Item 3) Qualitative HAZOP study has been concluded by a joint team EPC
Contractor STAR. The following documentation is currently (end 2014)
being developed (ESAP estimated deadline is indicated in brackets):


- Quantitative hazard operability (HAZOP) study [Nov. 2014]


STAR specialized subcontractor (Golder/DEKRA) that is developing the
Quantitative HAZOP; DEKRA has already joined the STAR/EPC
Contractor HAZOP team at the beginning of June 2014 during qualitative
HAZOP study for coordination purposes.  The above document is
expected to be issued by the end of February 2015.
The quantitative HAZOP is being built on the outcomes of the qualitative
HAZOP developed by a joint team EPC Contractor / STAR.
Documentation of the concluded qualitative HAZOP study has been made
available to Golder/DEKRA by November 21st. This resulted in a 3
months delay with respect to the ESAP estimated deadline.
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3.4 QRA (Item 4) The documentation to be developed (deadline is indicated in brackets):


- Hazard QRA study [Apr. 2016]
- Oil spill dispersion modeling study [Apr. 2016]


3.5 Environmental and Social
Management System
(Item 5)


Documentation that is approved and issued within the end of August 2014:


- ESMS Manual according to ISO14001 and OHSAS 18001
- ESMS policies
- the ESMPs (further described in following sections)
- other procedures such as Training/Awareness and Audit/Non-


conformities,
that contains and constitutes:
- the development strategy for ESMS preparation including


submission of an organogram related to STAR and contractor
organization


- the STAR ESMS – EPC phase
- Guidelines for defining an ESMS appropriate to the nature and


scale of the Project –EPC phase


Other documentation to be developed (deadline is indicated in brackets):


- Yearly external report on EPC phase [from Jun. 2016]
- Guidelines for defining an ESMS appropriate to the nature and scale of


the Project -Operation phase [Oct. 2017]
- STAR ESMS - Operation phase [Jul. 2017]
- Yearly external report [from Jun. 2019]


3.6 Stakeholder Engagement
Plan (Item 6)


Documentation that is  approved and issued within the end of August
2014:


- Grievance mechanism
- Revised version of the SEP for the construction phase


Other documentation to be developed (deadline is indicated in brackets):


- Updated SEP for operation phase [Jul. 2017]
- Submission of records of consultation activities and grievances


[on Lenders request from now]
- Preparation and distribution of communication material for feedback


to affected communities [quarterly for Constr.]
- Preparation and distribution of communication material for feedback


to affected communities [annually for Operation]


3.7 Emergency Response Plan
(Item 7)


The documentation to be developed (deadline is indicated in brackets):


- Emergency Response Plan [Jul. 2017]
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3.8 Labour and Working
conditions plans and
procedures (Item 8)


Documentation that is  approved and issued within the end of August
2014:


- Employment plan - Construction phase including Guidelines for EPC
Contractors


- Local workforce recruitment plan


Other documentation to be developed (deadline is indicated in brackets):


- Employment plan - Operation phase [Oct. 2016]


3.9 Occupational Health and
Safety procedures
(Item 9)


Documentation that is  approved and issued within the end of August
2014:


- OHS Plan, including Guidelines for EPC Contractors for developing
OHS Procedures able to implement the requirements of IFC EHS
Guidelines. EPC contractor has already developed OHS procedures
that were submitted to STAR


- Risk assessment procedure
- Job Hazard Analysis procedure


Other documentation to be developed (deadline is indicated in brackets):


- OHS procedures - Operation phase [Jan. 2017]


3.10 Supply Chain
Management Plan
(Item 10)


Documentation that is  approved and issued within the end of August
2014:


- Primary Supply Chain Management Plan, including Guidelines for
EPC Contractor
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3.11 Resource Efficiency
Management Plan
(Item 11)


Documentation that is  approved and issued within the end of August
2014:


- Resource efficiency management plan - construction phase including
Guidelines to the EPC contractors


The following documentation is currently (end of 2014) being developed
(ESAP estimated deadline is indicated in brackets):


- IPPC/BREF compliance deviation report [Dec. 2014]


The new “BREF on the refining of mineral oil and gas” has not been made
available (see http://eippcb.jrc.ec.europa.eu/reference/). The EU
Commission Decision 2014/738/EU “BATC on the refining of mineral oil
and gas (BAT “BREF”) has been published on October 28th 2014.
STAR/Golder has sent on November 24th 2014 a thorough request of
technical information to the EPC Contractor. This information is essential
for the completion of the deviation report and is expected to be delivered
to STAR/Golder by the end of January 2015; hence the deviation report is
expected to be delivered by the end of February 2015.


Other documentation to be developed (deadline is indicated in brackets):


- Resource efficiency management plan - operation phase [Jul. 2017]


3.12 GHG Management Plan
(Item 12)


The documentation to be developed (deadline is indicated in brackets):


- GHG management Plan [Jul. 2017]
- Annual reports on GHG emissions [starting from Mar. 2019]


3.13 Air emissions -
Prevention and Control
into the Refinery fences
(Item 13a)


Documentation that is  approved and issued within the end of August
2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during construction


(including those from dumping activities)
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Air Emission Monitoring Plans [Jul. 2017]
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3.14 Air emissions - Air
Quality Monitoring
program (Item 13b)


Documentation that is approved and issued within the end of December
2014:


- Ambient Air Quality Monitoring Plan [Jun. 2014 - May 2015]


The plan implementation will start in the first half of 2015.


The documentation to be developed (deadline is indicated in brackets):


- Results of the Ambient Air Quality Monitoring campaigns
[Jul. 2015]


- Design of the permanent monitoring system and preparation of
procurement strategy [Sep. 2015]


- Procurement and installation of the permanent monitoring system –
progress of activities report [Oct. 2015 - Jun. 2016]


- Annual air quality monitoring report [from Jan. 2017]
3.15 Sea water and


monitoring groundwater
plan (Item 14)


Documentation that is  approved and issued within the end of August
2014:


- Sea Water Quality Monitoring Plan
- Groundwater Quality Monitoring Plan


Other documentation to be developed (deadline is indicated in brackets):


- Quarterly monitoring reports for Seawater [Mar. 2015]
- Quarterly monitoring reports for Groundwater [Mar. 2017]


3.16 Waste water
management (Item 15)


Documentation that is  approved and issued within the end of August
2014:


- Wastewater management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Wastewater management plan - operation phase [Jul. 2017]
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3.17 Soil and Contaminated
land management (Item
16)


Documentation that is  approved and issued within the end of August
2014:


- Soil management and reinstatement plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Soil management and reinstatement plan- operation phase
[Feb. 2017]


- Soil quality monitoring program [Mar. 2017]


3.18 Noise Prevention and
Control - Source emissions
(Item 17a)


Documentation that is  approved and issued within the end of August
2014:


- Noise prevention and management plan - construction phase, including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Noise prevention and management plan - operation phase
[Jun. 2017]


3.19 Noise Prevention and
Control – Immission into
the environment
(Item 17b)


Documentation that is approved and issued within the end of August 2014:


- Noise prevention and management plan - construction phase, including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Noise Monitoring Reports- Construction phase [from Mar. 2015]
- Noise Monitoring Plan - Operation phase [Jul. 2017]
- Noise Monitoring Reports- Operation phase [from Apr. 2018]


3.20 Fugitive Particulate
Matter (Item 18)


Documentation that is  approved and issued within the end of August
2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during construction


(including those from dumping activities)
- Guidelines to the EPC contractors
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3.21 Waste management
plan (Item 19a)


Documentation that is  approved and issued within the end of August
2014:


- Waste management plan - construction phase, including Guidelines to
the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Waste management plan - operation phase [Apr. 2017]


3.22 Hazardous materials
management plan
(Item 19b)


Documentation that is  approved and issued within the end of August
2014:


- Hazardous materials management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Hazardous materials management plan - operation phase
[Sep. 2017]


3.23 Workers and
Community Health
management plans
(Item 20)


Documentation that is  approved and issued within the end of August
2014:


- Communicable diseases Baseline Study
- Communicable diseases Workers Health Management Plan


Other documentation to be developed (deadline is indicated in brackets):


- Community Health Management Plan [Jul. 2017]
- Workers Health Management Plan [Jul. 2017]


3.24 Traffic management
plan (Item 21)


Documentation that is approved and issued within the end of August 2014:


- Traffic Management Plan


3.25  Security Management
plan (Item 22)


Documentation that is  approved and issued within the end of August
2014:


- Security management plan - construction phase, including Guidelines
to the EPC contractors


Other documentation to be developed (deadline is indicated in brackets):


- Security management plan - operation phase [Jul. 2017]
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3.26 Biodiversity Action Plan
(Item 23)


Documentation that is  approved and issued within the end of August 2014


- Marine biodiversity management plan, including monitoring measures
and considering the construction of Jetty 1,2 and 3


- Terrestrial Flora and Fauna Management Plan, including monitoring
measures


3.27 Terrestrial Flora and
Fauna Management Plan
(Item 24)


Documentation that is  approved and issued within the end of August
2014:


- Terrestrial Flora and Fauna Management Plan, including monitoring
measures and including information obtained from terrestrial filed
survey conducted in May 2014 by Golder with particular reference to
Dumping Sites locations


3.28 Invasive alien species
prevention (Item 25)


Documentation that is  approved and issued within the end of August
2014:


- Invasive Alien Species Management Plan Management Plan, including
monitoring measures


3.29 Chance find procedure
(Item 26)


Documentation that is  approved and issued within the end of August
2014:


- Chance find procedure
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3.30 ESAP work progress summary table


ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


1


Supplements to the ESIA packages:
- Associated facilities


description, risks/impacts
- supply chain risks/impacts
- GHG emission report
- public health impact


assessment
A systematic air quality monitoring
campaign (see item ID 13b for
detail)


1. Document presenting associated facilities and related
ES impacts


2. Dumping site management and reinstatement plan


3. Assessment of risks and impacts associated with
primary supply chains (see also item ID 10)


4. See item ID 10 for detail


5. Revised GHG emission report (see also item ID 12)


6. Public Health Impact Assessment: Scoping, Baseline
and Impact assessment (see also item ID 20)


7. Ambient Air Quality monitoring system progress
indicators (see item ID 13b)


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of construction (see item ID 10 for
detail)


5. Prior to the start of construction (Jun-2014)


6. Prior to the start of operations (scoping 01/2015;
beginning of the study if authorized 07/2015;
baseline 03/2016; impact assessment 09/2017)


7. Prior to the start of operations (see item ID 13b)


Points 1, 2, 3, 4, 5:
Completed
Point 6:
- HIA Scoping:  90%
- Baseline: 0%
- HIA 0%


Point 7: (see item ID
13b)


-


2 Occupational Health and Safety
analyses


Job hazard analysis (JHA) for each position aimed at
drafting OHS procedures


Prior to the start of operations (07/2017) Not started -


3 Process safety


Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014) Qualitative HAZOP:
Completed
Qualitative HAZOP:
30%


3


4 QRA


1. Hazard QRA study


2. Oil spill dispersion modelling study


1. Prior to the start of operations (04/2016)


2. Prior to the start of operations (04/2016)


Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


5 Environmental and Social
Management System


1. Development strategy for ESMS preparation including
submission of an organogram related to STAR and
contractor organization


2. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –EPC phase


3. STAR ESMS, – EPC phase


4. Yearly external report


5. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –Operation phase


6. STAR ESMS– Operation phase


7. Yearly external report


1. Prior to the start of construction (mid-May 2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Yearly from 06/2016 referring to 2015


5. Prior to the start of operations (10/2017)


6. Prior to the start of operations (07/2017)


7. Yearly from 06/2019 referring to 2018


Points 1, 2: Completed
Point 3: Completed
Points 4, 5, 6, 7: Not
started


-


6 Stakeholder Engagement Plan


1. Submission of grievance mechanism


2. Submission of revised version of the SEP for the
construction phase, including the grievance
mechanism


3. Updated SEP for operation phase


4. Submission of records of consultation activities and
grievances


5. Preparation and distribution of communication
material for feedback to affected communities


1. Prior to construction (mid-May 2014)


2. Prior to start of the construction (Jun-2014)


3. Prior to operation (07/2017)


4. on Lenders request from now


5. Quarterly during construction (starting from revision
of the SEP); annually during operation


Point 1: Completed
Points 2, 4: Completed
Points 3, 5: Not started


-


7 Emergency Response Plan Emergency Response Plan Prior to the start of operations (07/2017) Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


8 Employment policy and procedures


1. Guidelines for EPC Contractors – Construction phase


2. Local workforce recruitment plan


3. Employment plan – Construction phase


4. Employment plan – Operation phase


1. Prior to the start of constructions (mid-May 2014)


2. Prior to the start of constructions (Jun-2014)


3. Prior to the start of constructions (Jun-2014)


4. Prior to the start of operations (10/2016)


Points 1, 2, 3:
Completed
Point 4: Not started


-


9 Occupational Health and Safety
procedures


1. OHS procedures- construction phase


2. OHS procedures – operation phase


See AP Item ID n° 2 for the JHA analysis


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operations (01/2017)


Point 1: Completed
Point 2: Not started


-


10 Supply Chain Management Plan Supply Chain Management Plan Prior to the start of construction (Jun-2014) Completed -


11 Resource Efficiency Management
Plan


1. Guidelines to the EPC contractors


2. IPPC/BREF compliance deviation report


3. Resource efficiency management plan – construction
phase


4. Resource efficiency management plan – Op. phase


1. Prior to the start of construction (mid-May 2014)


2. (12/2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of operations (07/2017)


Points 1, 3: Completed
Point 2: 40%
Point 4: Not started


-
-
2
-


12 GHG Management Plan


1. GHG management Plan


2. Annual reports on GHG emissions


1. Prior to the start of operations (07/2017)


2. Annually from the start of operation (first report at
Q1 2019 referring to 2018)


Not started -


13a Air emissions - Prevention and
Control into the Refinery fences


1. Guidelines to the EPC contractors


2. Air Emission Monitoring Plans


1. During design (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


13b Air emissions - Air Quality
Monitoring program


a) Ambient Air Quality Monitoring Plans


b) Results of the Ambient Air Quality Monitoring
campaigns


c) Design of the permanent monitoring system and
preparation of procurement strategy


d) Procurement and installation of the permanent
monitoring system – progress of activities report


e) Annual air quality monitoring report


a) Jun-2014 – 05/2015


b) 07/2015


c) 09/2015


d) 10/2015 - 06/2016


e) Yearly from 01/2017


Point 3a):  completed
Points 3b), 3c), 3d), 3e):
Not started


-


14 Sea water and monitoring
groundwater plan


1. Sea Water Quality Monitoring Plan


2. Groundwater Quality Monitoring Plan


3. Quarterly monitoring reports


1. Prior to the start of jetties construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Quarterly from 03/2015 (for sea water) and
Quarterly from 03/2017 (for groundwater)


Points 1, 2: Completed
Point 3: Not started


-


15 Waste water management


1. Guidelines to the EPC contractors


2. Wastewater management plan – Construction phase


3. Wastewater management plan – Operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (07/2017)


Points 1, 2: Completed
Point 3: Not started


-


16 Soil and Contaminated land
management


1. Guidelines to the EPC contractors


2. Soil management plan- Construction phase


3. Soil management and reinstatement plan – Op. phase


4. Soil quality monitoring program


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (02/2017)


4. Prior to the start of operation (03/2017)


Points 1, 2: Completed
Points 3, 4: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


17a Noise Prevention and Control -
Source emissions


1. Noise Prevention and Management Plan –
Construction phase


2. Noise Prevention and Management Plan – Operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operation (06/2017)


Point 1: Completed
Point 2: Not started


-


17b Noise Prevention and Control –
Emission


1. Noise Monitoring Plan – Construction phase


2. Noise Monitoring Reports- Construction phase


3. Noise Monitoring Plan – Operation phase


4. Noise Monitoring Reports- Operation phase


1. Prior to the start of construction (Jun-2014)


2. Every two years from 03/2015


3. Prior to the start of operation (07/2017)


4. Every two years from 04/2018


Point 1: Completed
Points 2, 3, 4: Not
started


-


18 Fugitive Particulate Matter


1. Guidelines to the EPC contractors


2. Dust and Other Emissions Prevention and
Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Points 1, 2: Completed -


19a Waste management


1. Guidelines to the EPC contractors


2. Waste management plan – construction phase


3. Waste management plan – operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (04/2017)


Points 1, 2: Completed
Point 3: Not started


-


19b Plans to manage hazardous
materials


1. Guidelines to the EPC Contractors


2. Hazardous materials management plan - construction
phase


3. Hazardous materials management plan - operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (09/2017)


Points 1, 2:Completed
Point 3: Not started


-


20 Workers and Community Health
management plans


1. Preliminary baseline of transmittable diseases (1)
Workers Health Management Plan for Construction (1)


2. Community Health Management Plan (2)


Workers Health Management Plan (2)


1. Prior to start of the construction (Jun-2014)


2. Prior to start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Completed -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


22 Security Management plan


1. Security Management Plan – Construction phase


2. Security Management Plan – Operation phase


1. Prior to the start of the construction (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Completed -


24 Terrestrial Flora and Fauna
Management Plan


1. Report on the terrestrial field surveys


2. Terrestrial Flora and Fauna Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Completed -


25 Invasive alien species prevention Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-2014) Completed -


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014) Completed -
 (*) Date defined for issuing the first revision of the plan/procedure/report expected
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4.0 COMPLIANCE WITH ESMPS


The objectives of the present section are:


- To update Lenders on the status of activities to achieve the implementation
of the ESMPs;


- To provide highlights of the work performed during the considered six month
or one year period, whichever is applicable;


- To recognize notable accomplishments in the implementation of plans and
/or point out possible inconsistencies with the ESMPs timing activities.


The implementation of Plans and Procedures has started following their issuing
in August 2014 for the applicable documents associated with the ongoing site-
preparation phase of the project. The Plans and Procedures to be implemented are
detailed in the following subsections, one for each Plan/Procedure required by
the ESAP; relevant ESAP Items ID is indicated in brackets in the subtitle.


In order to ensure diligent implementation of the ESAP throughout the project
and establishment of ESMS (in particular for operations phase), following
organizational charts with dedicated HSE responsibilities have been adopted by
STAR and Contractor management respectively.
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STAR’s HSE and Community
Relations Chart


Scaffolding Safety
Eng. /Supervisor


(tba)


PROJECT DIRECTOR
Savaş Soydaner


Corporate HSE Manager
Barış Yüce


Engineering HSE Manager
Ali Rıza Saklıca


Environmental             Risk
Engineer


Işıl Depe Yıldız


Lead Environmental
Engineer


Bahar Güçlüsoy


PMC HSE Manager
Virgilio Senra


Gonzales


Safety Coordinator
Levent Gülten


Safety Eng.- Marine
Works (tba)


Safety
Engineer (tba)


Safety Coordinator
Engin Gürpınar


Safety


    Engineer (tba)


Safety
 Engineer (tba)


Safety Coordinator
(tba)


Scaffolding Safety
Eng. /Supervisor


(tba)


Safety
Engineer(tba)


Safety
Engineer (tba)


Construction
HSE Manager


Turan Birincioğlu


MANAGING
DİRECTOR


Robert Storey


Construction Director
Zeki Bozkurt


SOCAR Community Relations
Director


Necla Demirci


CRO Assistant
(to be assigned-tba)


PMC Construction Director


Daniele Nazzani


Environmental
Engineer (tba)


Environmental Risk Engineer
Işıl Depe Yıldız
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Contractor’s HSE and Community Relations Chart







STAR Refinery A.Ş. HSE Management System
Aliağa, TÜRKIYE Date: 27 February 2015


000-A-OE-0090002- Rev 1


ENVIRONMENTAL AND SOCIAL MONITORING REPORT  (PERIODICAL REPORT NO. 2 –
DECEMBER 2014)


Page 37 of 81


4.1 Dumping site
management
and
reinstatement
plan (Item 1)


Issued in August 2014.


Following measures for mitigation of dust, noise emissions as well as
minimizing disturbance to the public during transportation and dumping
activities have been applied in line with the issued plan:
§ A mobile moisturizing truck served between the busiest routes to


minimize dust from material transportation activities particularly
at Güzelhisar village road during dumping activities that was
taking place while dumping was carried out at Güzelhisar
dumping site.


§ Speed limit has been applied by Contractor to reduce both noise
and dust which was monitored by GPS system installed on trucks.
A traffic team was established to patrol on public roads to monitor
the truck traffic.


§ Maintenance of vehicles, equipment and heavy machinery
performed in the dedicated non-containment area at the project site
to ensure avoid of soil contamination or environmental incident at
dumping sites.


§ Excavated soil/earth moved from the project site has been
observed by STAR HSE Technicians working 7x24hrs on routine
basis to ensure that the excavated soil to be disposed to the
dumping sites is not contaminated.


Photo: View from in-situ top-soil storage area
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Dumping site
management
and
reinstatement
plan (Item 1)


§ A certain amount of top soil moved from the project site has been
stored in-situ for prospective reinstatement activities and
maintained properly in a uniformed way while kept separately
from other materials and away from ongoing operations to avoid
any disturbance.


§ A laydown area at Terrace-13 was assigned where dumping of
excavated material was carried out which avoided considerable
truck traffic on the public roads.


Reinstatement Activities: Reinstatement activities were
conducted in Çaltılıdere and Güzelhisar D dumping sites
following completion of dumping operations at those.
Compacting, top soil spreading, topographical adjustments were
applied. Re-planting/bio-restoration measures were also
implemented within 2013 and 2014.  Successful re-vegetation and
tree planting have been observed at those areas in the following
seasons.


Planning of reinstatement for Güzelhisar E2 and D dumping sites
has been under consideration and responsive activities will be
implemented at earliest convenience.


               Photo: View from reinstated Çaltılıdere dumping site
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Dumping site
management
and
reinstatement
plan (Item 1)


Photo:Tree planting at Güzelhisar D dumping site


Trial activity for prospective re-vegetation of project slopes by
use of hydro-seeding method implemented over the slope of
Road C at the project site.


Photo: Hydroseeding trial along Road C at the roject site.
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Dumping site
management
and
reinstatement
plan (Item 1)


Planned Activities:


§ A new dumping area located at Petkim Interland in the close vicinity
of the project site has been assigned for entire earth removal
activities from Area-3. This practice will help with diligent
management of dumping site by avoiding potential dust, noise and
traffic disturbances to the public.


§ Contractor has planned to publish a Dumping Site specific
Management and Monitoring Plan in the beginning of second quarter
of 2015.
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4.2 Training
Procedure
(Item 5)


Activities by STAR: Awareness raisings, trainings completed in the field of
HSE and ESIA within the monitoring period by STAR are as follows:


Brief site inductions are provided to each visitor accessing to the project site.
Those inductions are delivered by Lead HSE Engineers of STAR.  STAR Site
Induction & Instructions Card is also provided for each visitor (see image
below).


Image: STAR Site Induction & Instructions Card for Visitors (front page)


Activity
Type


Topic Date /
Duration


Presenter/
Trainer


Participants


Awareness
Raising


Environmental
and Social
Management
System for
Employees


22.12.2014 / 2
hours


Golder Construction
team of STAR
and HSE team
of Contractor
/
21
participants


Training Safe and
Defensive
Driving


December / 2
days 16 hours


Third Party Representativ
es from each
department /
15
participants)


Induction HSE Half an hour PMT HSE
Team


Visitors
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Planned Trainings for 2015 by STAR:


Activity
Type


Topic Date /
Duration


Presenter/T
rainer


Participants


Awareness
Raising and
Coordination


Environmental
and Social
Management
System for
Employees


12.01.2015
/ 1 hour


STAR Eng.
HSE Team


Construction
managers of
STAR on E&S
reporting /
12 participants


Awareness
Raising


ESMS and
ESAP for top
managers


15.01.2015
/ 2 hours


Golders STAR top level
management /
18 participants


Awareness
Raising


Environmental
Awareness on
Marine Works


1 hour Environmental
Lead Engineer


Construction
and HSE team


Awareness
Raising


ESMS Manual
(Construction
Phase) in a
"Nutshell"


2 hours Environmental
Lead Engineer


Construction
and HSE team


Awareness
Raising


Resource
Efficiency
Management
Plan and
Guidelines


1 hour Environmental
Lead Engineer


Representatives
from all
disciplines
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Activities by Contractor and Sub-Contractors: The trainings delivered by
TSGI and sub-contractors in the HSE field throughout 2014 are as follows:


Topic Training
Hours


Number of
Attendees Total Training Hours


 Site Induction 2 1724 3448


 Safely Driving 1 676 676
 Supervision at Site 2 46 92
 Confined Space 2 125 250
 Risk Assessment 1 35 35
 First Aid (Certification) 16 50 800


 First Aid 2 56 112
 Emergency 1 84 84
*Information About Labor
Legislation
 *Work accidents and
occupational diseases
 *Housekeeping of
Workplace &Layout


2 27 54


 Permit to Work 1 165 165


 JSA 1 131 131
Safety Card (STAR
CARD) 1 33 33


Work at Height
(scaffolding) 4 2 8


 Work at Height 1 329 329
 Rigger Training 8 12 96


 Lifting Supervisor Training 8 8 64
 Near Miss and Reporting 1 56 56
 Safety in Maintenance 1 18 18
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4.3 Stakeholder
Engagement
Plan (Item 6)


The update of the SEP was finalized by the end of August 2014.


Stakeholder Engagements: The stakeholder meetings that have been
performed after the ESIA disclosure are as follows:


Activity
Type


Date Place Subject


Public
Meeting


06/12/2013 Aliağa
Chamber of
Commerce,
Aliağa


STAR Refinery Project
Presentation - EIA for
Additional Tank Capacity and
Utilities


Stakeholder
Meeting


14/05/2014 İzmir
Environment
and
Urbanization
Directorate,
İzmir


Meeting of STAR Refinery
Presentation and Civil and
Environment Permits
Enlightenment of Project


Stakeholder
Meeting


30/05/2014 İzmir
Metropolitan
Municipality
Department of
Fire Brigade ,
İzmir


Meeting of STAR Refinery
Fire System Enlightenment


Stakeholder
Meeting


11/11/2014 Aliağa State
Hospital,
Aliağa


Meeting as a part of Scoping
Study for Health Impact
Assessment


Stakeholder
Meeting


11/11/2014 Community
Health Center
at the
Governor ś
office, Aliağa


Meeting with Manager of
Aliağa Community Health
Center as a part of Scoping
Study for Health Impact
Assessment


Stakeholder
Meeting


12/11/2014 Aliağa
Municipality,
Aliağa


Meeting with Representatives
of Aliağa Municipality


The following meeting is planned for the first quarter of 2015:
Public
Meeting


22/01/2015 Petkim
Culture
Center
Conference
Hall, Aliağa


Stakeholder Consultation &
Feedback Meeting (Interim):
STAR Refinery Project ESIA
Presentation and Update on the
Ongoing Activities


Focus Group
Meetings
with Various
Parties


Q2, Q3 and
Q4


- Stakeholder Consultation &
Feedback Meeting
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Community Relations Management System by STAR:


§ SOCAR Company’s Institutional Communications Director acts as
Community Relations Officer (CRO) of the STAR Refinery Project
by providing supervision and guidance in particular on stakeholder
engagement processes. Recruitment of CRO assistant who will be
based in Aliağa is an ongoing process. He/she is expected to start to
work by the 2nd quarter of 2015 at latest.


§ Grievance Management: External grievances received from
stakeholders are recorded via dedicated mobile line. Feedbacks
received directly by Owner’s HSE technician and directed to STAR
and Contractor’s management team and followed up accordingly.
Grievance log are reviewed and status of grievances monitored
regularly by STAR against close out of the raised issues.


§ Grievances raised by external stakeholders have been received via a
mobile phone line (presented at the back of all trucks) and promptly
recorded  by  a  focal  point  in  the  STAR  HSE  team.  Until  now,  122
grievances have been received which of two are pending for close-
out. 11 grievances out of all was received within the monitoring
period. The grievance record details include information on grievant,
contact number, location of grievance, description and date in a
standard format. STAR communicates all relevant issues
immediately to the HSE team and all relevant departments of
Contractor in accordance with the grievance type. Most of the
recorded grievances have been associated with dust, noise, unsafe
driving and road conditions in general.
One of the examples of grievance communication with Contractor is
provided below:


Dear Roberto/Edmondo,


Please find below e-mail is about a complaint which was received from public on Friday in the night
approximately 03:27hrs. Complainant’s name is ABDULLAH KAYACAN. He reported that truck drivers
who work for the STAR project, frequently stop on the main road near the bazaar/TOKİ Complex to get
foods or beverages from the market.  Drivers called the seller from inside of the grocery to get foods or
beverages by using truck’s horn and disturbing the citizens by creating excessive noise. Citizens who live
near the same region, stated that they feel very uncomfortable due to excessive noise.
Could you please investigate below mentioned issue and ensure that all necessary precautions are taken
and fallowed?


Location                      : İzmir-Çanakkale Road( Near the Toki Buldings)
Truck plate #               : All Trucks
Grievance                   : Excessive noise
Date                           : 05 September – 03:28
Grievant                    : ABDULLAH KAYACAN
§ Following communication of the grievance by STAR, Contractor


provides descriptive information on their responsive action. STAR
evaluates the action accordingly and closes if satisfactory or requires
further actions/measures if deemed necessary.
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4.4 Emergency
Response
Plan (Item 7)


This Plan is due prior to the start of operations [Jul. 2017]


4.5 Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


This Management Plan is issued in August 2014.


Local Workforce Recruitment


Implementations by STAR and Contractor (Jointly):


§ Employment of local people is given priority
by STAR as well as by Contractor through a
solid cooperation with Aliağa Municipality
on recruitment process. Each job application
made to the Municipality is directly
transferred to STAR and Contractor’s project
CV database. A representative from
municipality works under Contractor’s
Human Resources office to ensure necessary
archiving and recruitment is in place for the
required positions.


§ Contractor regularly announces job announcements on one of the
most frequently used web page called as Kariyer Net. The company
information and job announcements are provided through the
dedicated link for TSGI given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-c53959-
p38823/?a=2


§ Recruitment details of current STAR employees are provided below:


Recruitment
Locality


Number Contract
Length


%


Local 137 Permanent 69
Non-Local 63 Permanent 31


Recruitment
Type


Number %


Semi-skilled 125 63
Skilled 75 37
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Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


§ A Grievance mechanism for workers has
been in place for employees of both STAR
and Contractor.


§ In compliance with Owner’s Grievance
Procedure1, Contractor assigned a CRO for
implementation of grievance mechanism in
particular for their employees (See page 36
of this document for organizational chart
presenting CRO’s position). Grievance
forms are accessible from various locations
both at site offices and resting areas for
workers. It is optional to report grievances
either by name or  announymously.


Image (right below): Grievance Form


Employment Plan


Implementations by STAR:


Terms of Employment:
§ All current employees of STAR has been provided with a signed


contract between both Parties (Employee and Employer) which clearly
documents elements of hours of work, wages, overtime, liabilities,
charges and supplementary fees, leave/permissions, termination of
contract and compensation as standard items. All contracts comply with
Turkish Labor laws and Regulations respectively.


§ Each employee of STAR is recruited on fixed term and provided with
social security.


§ All foreign employees are supported by legal work permits to work in
the Country.


§ There is no migrant employee at present.
§ Authorities from STAR Human Resources department engage with


employee representatives on frequent basis and whenever required. Two
employees from Construction HSE department (two technicians) are
selected and assigned as Employee representatives and act as Lead
Representative and Assistant Representative.


1 Associated Grievance Procedure is disclosed under the Contractor’s document Construction Environmental
Management Plan (no: 2245-000-A-EE-0190306)
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4.6 Occupational
Health and
Safety
procedures
(Item 9)


Guidelines for these procedures was issued and approved in August 2014.


4.6.1. Implementations by STAR:


i) Produced OHS Plan and Work Procedures by STAR: The
following OHS specific documents have been prepared and under
implementation by STAR while exhaustive number of documents are
produced by Contractor which is followed after this section.


§ Health, Safety, Environmental and Security (HSES) Plan – Site
Preparation (000-A-PE-007-0014)


§ HSES Incident Reporting and Investigation Procedure (000-A-PE-
0190001)


§ STAR Emergency Response Plan
§ Risk Assessment Procedure (only available in Turkish, STAR SE


PR-003)
ii) Implementation of OHS Management System:


OHS Monitoring: STAR’s construction HSE team conducts regular
OHS monitoring both on the site and at associated facilities of the
project including dumping sites to verify compliance with the OHS
procedures and standards of the project. All non-compliances
observed by STAR are communicated immediately to involved
personnel (both STAR and Contractor) and reported to Contractor
through channels including observation cards, meetings, e-mails and
other.


Image: HSE Observation Card


At present, one PMT HSE Manager together with 2 Safety
Coordinators and 13 safety technicians with supervision and support
by Construction HSE Manager  executes OHS monitoring of the
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Occupational
Health and
Safety
procedures
(Item 9)


Communications: The following measures have been implemented
by STAR in terms of fulfilling requirements of OHS management:


§ HSE induction and instruction trainings are provided to all
STAR employees by third party HSE Consultant Bilge
Company prior to commence of work. Each employee are
trained by presentations including video materials and
distributed STAR HS internal directives. These trainings
provide information on the requirements of local OHS
regulations as well as on Company’s HSE programme in
place. Each trainee is subject to a multiple choice
questionnaire exam at the end and being issued internal
guidance/instructions booklet which contains national OHS
regulations. Statistics regarding those who received site
inductions are provided under section 4.5 Training and
Awareness Procedure.


§ Each employee is notified for appropriate use of Personal
Protective Equipment (PPE) and HSE materials provided for
their utility.


§ Construction HSE unit prepares and disseminates any
incident information among entire staff of STAR shortly
after occurrence.  These initial incident notifications
including visual materials strengthen awareness levels of
employees on HS aspects by depicting causes of incidents
and sharing lessons learnt.


§ Weekly HSE meetings are held with STAR involving
Contractor where all non-conformities, gaps and weaknesses
on HSE aspects are shared and reviewed. The meetings also
provide opportunity for discussing proposals for
improvements which are regularly recorded via meeting
notes.


§ Following mobilization to the new site offices, a drill was
carried out in August with a scenario including earthquake,
fire and injury where all personnel in the offices participated.


Hazard/Risk Identification and Management:


§ As per Risk Assessment Procedure has been prepared in
consultation with all relevant departments and under
implementation. Over 400 items has been identified as
hazards and with responsive precautions. The procedure that
is a living document is periodically reviewed and updated
when necessary.
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§ HSE notice boards available in STAR site offices where
latest issues safety bulletins, safety tips any HSE related
instructions and lessons learnt are posted for employee HSE
awareness.


§ HSE Committee established by STAR HSE Management
according to Law No.6331 and Regulation on Health and
Safety Committees (Off. Gaz. 28532, 18/01/2013) meets
every month including participation by Contractor’s
representatives. The Committee oversees the OHS
management system, adequacy of the relevant measures
taken for the project and taking necessary decision for
corrective actions and responsive planning while providing
guidance to employees as a result of the discussions


Employee Well-fare:


§ STAR provides decent catering services in the PETKİM’s
existing eating   area.


§ Employees mobilized from other cities are being provided
guesthouse services at PETKİM’s premises during their
temporary stay until their proper settlement in a local
residential area on their own.


Audits and Inspections (Walkthroughs):


§ STAR conducted an OHS specific audit to review
implementations of Contractor on the date of 28 November 2014.
The main objective of this audit was to check the level of
fulfillment with the HSE procedures on site and identifying
opportunities for improvement during the construction stage.
The implications of the audit have been followed up by STAR
Construction HSE team accordingly.


§ Weekly Management HSE walkthroughs have been carried out
jointly by Contractor’s Management and HSE personnel to
ensure compliance against legal and HSE requirements of the
project.   Following the site walkthroughs, observations are
recorded and the action items are registered by Contractor in the
Observation Log for close-out. A schedule has been issued for
the planned walkthroughs where participants from different
disciplines and management are included.
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Accidents and Incidents Management: All incidents no matter
how minor are recorded and investigated by STAR.


Reporting: STAR collects and reviews HSE KPI statistics from
Contractor and all relevant parties on weekly and monthly basis.
HSE team also communicates monthly HSE reports to STAR
Management including highlights of the month, critical issues and
recommendations in addition to   information on HSE specific KPIs
and Loss Time Incidents.


Monitoring: Illumination and thermal condition monitoring for
STAR office buildings conducted by an Accredited Party on 22
September 2014.


4.6.2. Implementations by Contractor:


i) Produced OHS Plan and Work Procedures by TSGI: The EPC
Contractor TSGI MI has been producing OHS procedures and
implementing these procedures upon the approval of STAR
according to the commitments undertaken by STAR in the ESIA
including Turkish regulatory framework, IFC Performance
Standards (in particular PS2) and IFC General and Sector Specific
EHS Guidelines.


The OHS specific documents being prepared and under
implementation by Contractor which are also applicable for
employees of all sub-contractors are provided below:


000-A-EE-0190303 HSE REQUIREMENTS FOR SUBCONTRACTORS
000-A-EE-0190305 EMERGENCY RESPONSE PLAN
000-A-EE-0190306 CONSTRUCTION ENVIRONMENTAL MANAGEMENT PLAN
000-A-EE-0190312 HSE PLAN FOR CONSTRUCTION
000-A-EE-0190313 HSE MANUAL FOR CONSTRUCTION AND PRE/COMMISSIONING
000-A-EE-0190316 HEALTH PLAN FOR CONSTRUCTION AND PRE-COMMISSIONING
000-A-EE-0190319 PERMIT TO WORK PROCEDURE
000-A-EE-0190323 TRAINING PROCEDURE
000-A-EE-0190324 DISCIPLINARY PROCEDURE
000-A-EE-0190325 SAFETY HAZARDOUS SUBSTANCES PROCEDURE
000-A-EE-0190326 JOB SAFETY ANALYSIS PROCEDURE
000-A-EE-0190327 MANAGEMENT SAFETY WALK PROCEDURE
000-A-EE-0190328 NIGHT WORK CONTROL PROCEDURE
000-A-EE-0190329 PERSONAL PROTECTIVE EQUIPMENT PROCEDURE
000-A-EE-0190330 PREVENTIVE MAINTENANCE PROGRAM PROCEDURE
000-A-EE-0190331 SAFETY OBSERVATION PROGRAM PROCEDURE
000-A-EE-0190332 WARNING SIGNS PROCEDURE
000-A-EE-0190333 COLOUR CODING PROCEDURE
000-A-EE-0190334 INCIDENT INVESTIGATION AND REPORTING PROCEDURE
000-A-EE-0190335 CONFINED SPACE PROCEDURE
000-A-EE-0190336 CONTROL AND USE OF PLANT & EQUIPMENT PROCEDURE
000-A-EE-0190337 EXCAVATIONS PROCEDURE
000-A-EE-0190338 FIRE PREVENTION AND PROTECTION
000-A-EE-0190339 GAS CYLINDER STORAGE, TRANSPORTATION AND USE
PROCEDURE
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000-A-EE-0190340 GRINDING WORKS PROCEDURE
000-A-EE-0190341 GRIT BLASTING WORKS PROCEDURE
000-A-EE-0190342 HOUSEKEEPING PROCEDURE
000-A-EE-0190343 LIFTING OPERATIONS PROCEDURE
000-A-EE-0190344 LIGHTING FOR CONSTRUCTION WORK PROCEDURE
000-A-EE-0190345 PORTABLE TOOLS PROCEDURE
000-A-EE-0190347 SCAFFOLDING PROCEDURE
000-A-EE-0190348 TEMPORARY ELECTRICS PROCEDURE
000-A-EE-0190349 WELDING OPERATIONS PROCEDURE
000-A-EE-0190350 INSPECTION PROGRAM
000-A-EE-0190351 MARINE WORKS PROCEDURE
000-A-EE-0190352 OFFICE SAFETY
000-A-EE-0190353 HANDLING RADIOACTIVE SOURCE FOR X-RAY
000-A-EE-0190355 FALL PREVENTION & PROTECTION PROGRAM
000-A-EE-0190356 HYDRO TESTING SAFETY PROCEDURE
000-A-EE-0190357 MANUAL HANDLING
000-A-EE-0190358 PAINTING WORKS SAFETY PROCEDURE


ii) Implementation of OHS Management System by TSGI:


Communications: In terms of fulfilling OHS requirements of OHS
Management System, the following measures have been
implemented by Contractor:


§ HSE instructions communicated to the employees prior to start of
work by employees through site induction trainings including
visual materials, distribution of OHS hand-outs. Site inductions
inform employees to be in compliance with the requirements of
local OHS regulations instructions and to be aware of relevant
OHS issues in the workplace.


§ Brief site inductions are also provided to each visitor accessing to
the project site. Site inductions followed by multiple choice
questionnaire exams. Statistics regarding those who received site
inductions are provided under section 4.5 Training and
Awareness Procedure.


§ Employees are also informed against misuse or damage of any
equipment and materials provided for their utility prior to start of
their work.


§ HSE Notice Boards: HSE Notice Board is available at Site in
order to assure proper communication and awareness for those
people that don’t have access to the mail service.


The Notice Board contains information regarding Emergency
Number, Training Program, HSE Services, HSE Alerts, etc. HSE
Notice Board is multi-language to enable understandings by the
foreign employees and visitors (Turkish, English).
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§ Safety Bulletins: Safety Bulletins are distributed through mailing
lists on topics related to the Project (e.g. Accidents and Near
Miss, new HSE procedures issued, etc.) and/or related to other
Sites/Projects.


§ Containers, tanks with hazardous materials are labelled properly
and MSDS both in English and Turkish are posted at storage
locations.


§ Information on emergency codes, signings and signals are posted
at dedicated spots (including announcement boards at offices and
project site) for instructing employees


§ HSE Committee to be established by TSGI MI will meet every
month starting from February onwards. The Committee will
oversee the OHS management system, adequacy of the relevant
measures taken for the project and taking necessary decision for
corrective actions and responsive planning and discuss
compliance with the national regulations.


OHS Monitoring:


§ Contractor’s construction and HSE team conducts regular OHS
monitoring both on the site and at associated facilities of the
project including dumping sites to verify compliance with the
OHS procedures and standards applicable to the project.


§ All non-compliances observed by TSGI are communicated
immediately to involved personnel (both Contractor and relevant
Subcontractors) and reported through channels including
observation cards, meetings, e-mails and other.
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Hazard/Risk Identification and Management:


§ All tasks to be performed by Contractor and Subcontractors shall
be subject to a written Method Statement, a Risk Assessment and
Job Safety Analysis (JSA) carried out by competent people and
submitted by the HSE analyst to the Discipline Supervisor and
HSEM for approval.


§ A Risk Assessment shall be required for each Subcontractor
activity and mitigation measures shall be implemented before
work commences.


§ As required by Turkish Law 6331, every company should
perform Risk Assessment for the activity performed within its
own scope of work.


Employee Involvement: Involvement of individual employees in
OHS management is promoted through the following measures:


§ Health and Safety Observation cards are provided at several
locations both in the site offices and project site for recording
observations done by employees.


§ Grievance Mechanism for Workers has been in place for
recording grievances from employees. Grievance forms have
been supplied through boxes located at several locations of the
site offices and employee resting areas. Those forms provide
option for anonymous applications where OHS specific
observations/recommendations can be communicated to TSGI’s
management.


Job Hazard Analysis:


§ Job Hazard Analysis (JHA) tool is used for identification of
hazards associated with each step of the project while providing
responsive measures for controlling or mitigation of these.


§ Job Hazard Analysis are provided according to procedure 000-A-
EE-0190326 JOB SAFETY ANALYSIS PROCEDURE.
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Employee Well-fare:


§ Employees of Sub-Contractors are provided resting places at the
workplace with safe and evacuation conditions and supplied by
fire extinguishers.


§ Catering service is provided by each subcontractor.


§ Clean and hygienic eating areas are provided for employees of
these sub-contractors in the project area.


Audits and Inspections (Walkthroughs):


§ Safety Walkthroughs are routine audit performed on weekly
basis in order to identify and rectify existing problems and to
avoid problems that might follow by taking proactive steps.


§ Observation noticed during the Management Safety Walk are
recorded on a data base and used for the preparation of Safety
Indicators.


§ Remedial actions are taken to close out the unsafe actions /
conditions observed and recorded in the register.


§ Inspection logs and action registers are maintained and
submitted to the SHSEM (Site HSE Manager) on a weekly
basis.


§ Contractor will also perform safety audits twice a year from the
start of construction work at Site. Items in the resulting audit
reports  will  be  incorporated  in  the  safety  program  and
monitored to ensure its implementation.


§ Contractor will perform environmental audits twice a year to
verify on site the correct application of the Environmental
Management System and the effective implementation of the
activities described in the environmental plans and in the related
management and control plans/procedures. Detailed information
will be provided in Contractor’s Audit Plan.
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Accidents and Incidents Management: All incidents including
near misses and hazards are reported to Owner by Contractor
immediately. Detailed investigations are also conducted by
Contractor for those necessary in terms of identification of root-
cause of the incident and for implementing necessary measures to
avoid re-occurrence. Further details are provided in procedure 000-
A-EE-0190334 INCIDENT INVESTIGATION AND REPORTING
PROCEDURE.


Reporting: Contractor provides HSE reports to Owner on weekly
and monthly basis. Reports include updated information on HSE
specific KPIs, Loss Time Incidents etc.


Monitoring: Illumination and thermal condition monitoring for
TSGI MI’s office buildings and other structural areas (including
canteens, medical unit and others) conducted by an Accredited Party
on 22 September 2014.


Planned Activities:


As part of Occupational Exposure and Monitoring Program,
following monitoring activities planned by Contractor on yearly
basis for the 3rd quarter of 2015:
§ Illumination Monitoring for Office and Construction Site
§ Thermal Condition Monitoring for Office
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4.7 Supply Chain
Management
Plan
(Item 10)


Issued in August 2014.


Planned Activities:


Development of a project specific Supply Chain Management Plan
has been planned for the first half of 2015 and aimed to be
implemented starting from the second half of year. Measures that are
financially and technically feasible will be identified according to
the nature and scale of the Project Construction phase. Prior to start
of implementation of the plan, particular trainings will be provided
for all relevant disciplines.
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Efficiency
Management
Plan
(Item 11)


Issued in August 2014.


Implementations by Contractor: Contractor implemented the following
measures for resource efficiency management:


§ Uncontaminated storm-water in particular at the dust-suppression
system was used whenever possible with the objective of sustainable
use of natural resources.


§ Maintenance of equipment, machinery and vehicles consuming fuels
are conducted on routine basis. No anomalies in the exhausts are
present.


§ A  new  dumping  area  located  at  Petkim  Inter-land  in  the  close
vicinity of the project site has been assigned for earth removal
activities from Area-3. Selection of a close spot for dumping
activities will reduce fuel consumption levels since transportation to
the identified dumping site is located at an optimal distance
compared to the dumping sites outside.


Planned Activities:


§ Based on the objective of building awareness among workers
regarding precautions for resource efficiency management, specific
training and awareness raising activities on resource efficiency have
been planned for 2015 by STAR for STAR’s core team and
disciplines.


§ Consumption of natural resources and services (e.g. energy, water
supply) as well as reuse/recycling practices will be monitored
regularly by the start of construction works. Findings of monitoring
will be reviewed and evaluated for further improvements / corrective
actions if necessary.


§ Development of a project specific Resource Efficiency Management
Plan has been planned for the first half of 2015 and aimed to be
implemented starting from the second half of year. Measures that are
financially and technically feasible will be identified according to the
nature and scale of the Project Construction phase. Prior to start of
implementation of the plan, particular trainings will be provided for
all relevant disciplines.


4.9 GHG
Management
Plan
(Item 12)


This Plan is due prior to the start of operations [Jul. 2017]
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4.10 Air emissions
- Prevention
and Control
into the
Refinery
fences
(Item 13a)


This Plan is due prior to the start of operations [Jul. 2017]


4.11 Air emissions
- Air Quality
Monitoring
program
(Item 13b)


Issued in August 2014.


The plan implementation will start in the first half of 2015. Respective monitoring
will be conducted by….


4.12 Sea water and
groundwater
monitoring
plan
(Item 14)


Issued in August 2014.


Planned Activities for 2015:


§ Seawater monitoring for determination of baseline conditions planned
for the 2nd quarter of 2015 prior to start of marine works at Jetty area
and construction at the Area-1 & 2 respectively.


§ Restoration of damaged wells and opening of new groundwater
monitoring wells have been planned by the Construction team and will
be implemented in March 2015. Following opening of the entire wells,
final checks and groundwater sampling will be conducted by STAR’s
Environmental Consultant Golder Associates and analysis of these
samples will be ensured by accredited parties accordingly prior to start
of construction.
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4.13 Waste water
management
(Item 15)


Issued in August 2014.


Implementation by Contractor:


Sanitary wastewater: Sources of sanitary wastewater are limited to the
followings:


i) Wastewater generated within the construction office facilities


ii) Sewage water generated within the portable toilets located at the
project site


iii) The discharge generated upon the construction site offices is sent
to the WWTP of PETKİM that complies with the national
discharge limits.


iv) There is no any other sanitary wastewater source generated since
workers accommodate at residential buildings, hotels on their
own and no workers camp exist at present.


v) Construction and restoration of storm-water channels at project
site has been an ongoing process and of a settlement pond where
all storm-water gets collected has been planned.


vi) Wastewater generated upon utilization of site portable toilets are
transported and disposed separately by a third party ensuring
regular maintenance of these facilities.


Photo: View from a portable toilet located at project site
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4.14 Soil and
Contaminated
land
management
(Item 16)


Issued in August 2014.


Mitigation Measures by
Contractor:


§ Spill kits are supplied to
heavy machineries as a
mitigation measure to avoid
fuel spills at non-controlled
areas.


Photo: View from Fuel Station at Project
Site


§ The fuel station located at the project site served for re-fueling of
trucks and heavy machinery under paved and containment conditions
until mid-December 2014. Following de-commissioning of the
station, re-fueling activities has been planned to take place on site
only limited to heavy machinery while fuel for the entire vehicle
fleet (including light vehicles, trucks) will be supplied at commercial
fuel stations outside of the project area.


§ Corresponding plan of Contractor is covered under TSGI MI’s Spill
Prevention Plan (Doc. No: 2245-000-A-EE-0190322) which provides
basis and guidelines for the management of spills applicable for
employees, subcontractor and visitors located in the worksites of the
project.


Planned Activities:


§ First Soil Sampling activity prior to construction phase is planned
for February 2015 in terms of analyzing baseline conditions on the
project site which has been covered by filling material in the
majority of Area-1 and Area-2. Soil sampling will be conducted by
STAR’s environmental consultancy Golder Associates on the 5th of
February 2015. Samples will be analyzed by an internationally
accredited laboratory.
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4.15 Noise
Prevention
and Control -
Source
emissions
(Item 17a)


Issued in August 2014.


4.16 Noise
Prevention
and Control –
Immission
into the
environment
(Item 17b)


Issued in August 2014.


The following measures for prevention of occupational noise has been
conducted:


§ PPEs including ear plugs provided for employees as required


§ Occupational noise monitoring analysis was conducted at the project
site on 13 June 2014 by an Accredited Third Party.


 Figure: Selected noise measurement points at the Refinery Site (in
green)


Planned Activities: The following yearly monitoring activities planned
by Contractor for the 4th quarter of 2015:


§ Noise Monitoring at workplace for determining worker's noise
exposure level


§ Vibration Monitoring: HAV and WBV worker's vibration exposure
level


Contractor’s Corresponding Document/Procedures:
* Responsive noise management measures committed by Contractor are
covered under the Contractor’s document Construction Environmental
Management Plan (no: 2245-000-A-EE-0190306)
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4.17 Dust_and_
other_
emissions_
Management
_Plan
(Item 18)


Issued in August 2014.


Dust Management[1]: In order to control dust emissions that are generated
in particular due to land preparation and movement of earth materials, the
following measures have been applied:


§ Dust   Suppression   System  has  been  performed  at  the
refinery project site during dry period of  the  summer season  in
2014, and trucks/vehicles wheels were being washed in rainy
season before travelling on the public roads.


                    Photo: Side view from dust suppression system


Photo: Front view from dust suppression system


[1] Responsive dust and noise management measures are covered under the Contractor’s document Construction Environmental
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§ Occupational dust exposure monitoring at the project area was
implemented by an Accredited Party on 29 April 2014.


§ PM10 and settled dust monitoring at the receptors in the vicinity
of the project area was conducted by an Accredited Party
between 24 April and 24 June 2014.


Management Plan (no: 2245-000-A-EE-0190306)
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4.18 Waste
management
plan
(Item 19a)


Issued in August 2014.


Implementations by Contractor:


§ Weekly data for all applicable waste streams as per KPI statistics has
been kept by Contractor and reported to Employer. As of 2015,
related KPIs are revised according to STAR document 000-A-OE-
0090035 Waste Management Plan and Guidelines for Contractor that
are listed below:


- Hazardous waste (ton)
- Medical waste (kg)
- Domestic waste (kg)
- Iron and steel waste (kg)
- Recyclable waste (kg)
- Excavation and demolition waste (ton)


§ Medical wastes generated due to health service unit operations at the
project area are stored and managed in compliance with “Regulation
on Control of Medical Wastes” without mixing in any way with
other wastes.  Recyclable wastes are collected in the recyclable
boxes and medical wastes are collected with red bags in the “Medical
Waste Box” at the medical service unit. Collected wastes are locked
in “Medical Waste Container” and properly managed in accordance
with the “Regulation on Control of Medical Wastes”.


§ The domestic wastes produced in the Health Service Units are
collected in the garbage bins and transported for disposal via
licensed companies on routine basis.


§ Sewage water generated at the project area including site offices are
collected in a septic tank located on site and transported to
PETKİM’s wastewater treatment plant as per the special agreement
of Contractor with PETKİM.
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Waste
management plan
(Item 19a)


§ Hazardous waste collected at
the dedicated temporary
hazardous waste storage area at
the project area and transported,
disposed through licensed
companies in compliance with
the National Regulation on
Control of Hazardous Wastes
(Off. Gazette date 14/03/2005,
no 25755).


Photos: Views from Hazardous Waste Storage Area


 * Contractor’s corresponding document titled as  WASTE MANAGEMENT
PLAN(WMP, 000-A-EE-0190307) intends to provide effective guidance for
handling, recycling and disposing of wastes generated during the Site
Preparation phase of the project. The WMP is a living document and will be
updated according to actual PROJECT phase and Site conditions as well as
actual waste streams being generated.
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4.19 Hazardous
materials
management
plan
(Item 19b)


Issued in August 2014.


There is no designated hazardous materials storage area available on site at
present. However, such an area complying with all necessary containment
and storage conditions is planned to be installed in 2015. Due to the nature of
pre-site preparation work, type and number of hazardous materials (e.g.
SİKA for concrete mix) entering to the site are quite limited at present.


§ Hazardous Materials are kept by Material Safety Data Sheets
(MSDSs) at temporary storage locations by each Sub-contractor.


§ Contractor’s HSE team conducts periodic inspections on storage
locations in order to review compliance with appropriate storage
conditions while checking availability of MSDSs.


4.20 Workers and
Community
Health
management
plans
(Item 20)


Issued in August 2014.


Extensive pre-employment health checks are conducted prior to commence
of work on site. Periodical checks for all employees are carried out on annual
basis.
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4.21 Traffic
management
plan
(Item 21)


Issued in August 2014.


Regular service, maintenance and regulatory compliance checks including
exhaust emissions are conducted on routine basis for entire vehicle fleet and
heavy machinery.
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4.22 Security
Management
plan
(Item 22)


Issued in August 2014.


Implementation by STAR: STAR’s Security Manager oversees
Contractor’s Security Management System and observes such operations on
routine basis. Procedure and Plans submitted by Contractor on security is
reviewed and supervised under the coordination of Security Management in
cooperation with relevant disciplines.


Implementations by Contractor:


i. Organizational Structure: Security management is implemented by the
Owner’s Contractor TSGI Engineering Construction (TSGI MI) Company
who is responsible with ensuring highest possible level of protection of the
project site and its assets. The following chart presents the roles and
organization structure as per overall security management of the project.
Contractor acquires private security services from a third party (ISS Proser
Security Services) to provide qualified, uniformed security personnel on
7X24 hours basis for routine security operations.
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Security
Management
plan
(Item 22)


Procedures/Plans: The following documentation applying to the Owner,
Contractor and subcontractors working in the relevant project areas was
produced by TSGI MI and updated when necessary.


- Security Procedure for Material Control (DOC no: 2248-000-A-
EE-0190652)


- SOP (Standard Operating Procedures) for Security of Temporary
Facilities (DOC no: 2248-000-A-EE-0190672)


- SOP Access Procedures to ARP2 Sites (DOC No: 2248-000-A-EE-
0190670)


- SOP Line of Communication and Reporting (DOC No: 2248-000-
A-EE-0190671)


- SOP Missing Personnel (DOC No: 2248-000-A-EE-0190656)


- Security Plan (DOC no: 2248-000-A-EE-0190310)


Implementations/Mitigation Measures:


i) Induction/Trainings, Exercises: TSGI MI as required by scope
of activities, provides Security Awareness Briefings to the new
comers of the project site to provide essential information
including site security status of the operation area, security
implementations, standing security procedures, security access,
general security advices and contact numbers of responsible
security team.  Participants are also distributed “Welcome
Security Booklet” which contains practical security information
for the Project site, Aliağa and Turkey in general.


The security team has been also informed on the Grievance
submission channels as part of Grievance Procedure for Workers.
In 2014, several trainings were provided to the security team on
the topics including Security System and Devices, Protection of
Scenes and Reporting, HSE Induction.


2 All the places, leased or ownerd by the Owner, on which construction, production and storage works are being conducted in
terms of construction Aegean Refinery.
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Security
Management
plan
(Item 22)


ii) Reporting: TSGI MI prepares daily and weekly security reports
where information on the following topics shared regularly:


- Security Operating Level
- Manpower
- Security Environment
- Logistics
- Recommendations and Requirements
- Communications


Other Security Related Issues:


In addition to the routine reporting, security specific incidents are
communicated through incident reporting while situation
reporting is conducted for cases where risks are foreseen and
follow up actions recommended. These reporting channels ensure
immediate reporting on breaches of security to the Site Security
Coordinator.


iii) Other: Other mitigation measures have been applied by the
Security team includes:


§ Physical security measures including fencing, watchtowers.
§ Access Control Systems measures including issuance of


temporary entry badges that grants access to the site for
authorized vehicles and people


§ Two patrol team consisting of two security guard have been
operational for ensuring transportation of security guards in
charge of remote areas of the project site.


§ Journey Management for logistics and administrative
management of those on an assignment and travelling for
business in the country are implemented for safety, traffic and
security management aspects.


§ Maintaining close relations with local law enforcement
authorities for close coordination on security issues in case of
need.


§ Random inbound & outbound vehicle searches are conducted
on site in order to provide material control and loss prevention
for company assets.


§ Compartmantation of areas and restricting access to these
areas with authorized personnel and vehicles only is a part of
access control measures which is intended to reduce risk of
having accidents in these areas as far as practical.
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Security
Management
plan
(Item 22)


Planned Activities:


§ Issuing a site specific driving pass/license to employees driving on
site. Planning necessary procedures and making relevant
arrangements are ongoing.


§ Installment of turnstiles and proximity card readers to control
pedestrian entries, monitoring inbound and outbound traffic at all
gates via plate number recognition capable cameras, placement of
drop arm barriers at all gates to prevent unauthorized access to the
site, equipping the main gate with delay barriers at inner side for
slowing down adversary progress, installing stoppers, traps at outside
of the main gate to prevent surprise attack


§ Establishment of CCTV surveillance system, external lights, power
supply units (for CCTV control room and each PC used at the
security center)


Both the subject of  training and exercise programs planned for 2015
are presented in the following tables:


Training Program Training Program
Job descriptions, Intelligence and Counter
Private Security Law Risk Assessment
Post Instructions Detecting Hazard
First Aid Sabotage
QA&QC Policy Terrorism
Defensive Driving Legal Rights and
Preparing Reports and Legal Aspect of Private Security
Emergency Protection of Scene
Fire Fighting Reporting and Preparing Record
Security Measures Crowd Control
Work Related Security Systems and Devices
Describing Suspicious First Aid
Explosives, IED Individual Rights
Searches Working with Electricity
Working with Work and Human Relations
Thievery Effective Communication
ID Control Customer Relations
PPE Fire Fighting
Customer Relations Drugs
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Security
Management
plan
(Item 22)


Exercise Program Exercise Program
Jumping Over Perimeter Protest of Employees
Demonstration in Front Thievery of Sensitive Documents
Fire Falling into the Canal
Traffic Accident Attempt to Thievery
Earthquake Detection of Suspicious Object
VBIED Intrusion by Cutting the Fence Line


Fight Among Employees


4.23 Biodiversity
Action Plan
(Item 23)


Issued in August 2014.


Planned Activities:


§ Responsive preparations and determination of mitigations measures
prior to start of marine works have been planned and associated
construction methodologies are to be finalized by the 2nd Quarter  of
2014.


4.24 Terrestrial
Flora and
Fauna
Management
Plan
(Item 24)


Issued in August 2014.


4.25 Invasive alien
species
prevention
(Item 25)


Issued in August 2014.


4.26 Chance find
procedure
(Item 26)


Issued in August 2014.


There have been no accidental findings discovered during the ongoing site
preparation works throughout the monitoring period. Regular site observations
have been conducted by HSE engineers during earth moving operations.


4.27 Additional
plans/proced
ures included
in the ESMS


Additional procedure are:


§ Audit and non-conformities procedure
§ Management of change procedure


These procedures were issued in August 2014.
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5.0 CONCLUSIONS


The Project is in compliance with the requirements stipulated in the EIA consents.


The Project is following the requirements of the ESAP and ESIA.


6.0 UPDATE ON PROJECT DOCUMENTATION STATUS 2014


The Table in Attachment 5 of this report provides the updated timeline for:


· the documentation submission from Star/Golder to Lenders’ advisors;


· the documentation review by Lenders’ advisors;


· the documentation revision/amendment by STAR/Golder; and


· the documentation approval by Lenders’ advisor.
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ATTACHMENT 1


ENVIRONMENTAL AND SOCIAL ACTION PLAN
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ATTACHMENT 2


EIA MONITORING REPORT ON AEGEAN REFINERY PROJECT (App4 /Ek4) – July 2014







STAR Refinery A.Ş. HSE Management System
Aliağa, TÜRKIYE Date: 27 February 2015


000-A-OE-0090002- Rev 1


ENVIRONMENTAL AND SOCIAL MONITORING REPORT  (PERIODICAL REPORT NO. 2 –
DECEMBER 2014)


Page 77 of 81


ATTACHMENT 3


EIA MONITORING REPORT ON AEGEAN REFINERY PROJECT (App4 /Ek4) – September 2014
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 Insightful
ATTACHMENT 4


EIA MONITORING REPORT ON AEGEAN REFINERY PROJECT (App4 /Ek4) – December 2014
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ATTACHMENT 5 – WORK PROGRESS TABLE AT THE END OF DECEMBER 2014


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


ESHS Policies 5 August


25 August
APPROVED
MINOR
COMMENTS


Associated facilities and Supply chain
IA 6 August


26 August
APPROVED
MINOR
COMMENTS


Dumping areas MP 6 August


26 August
APPROVED
MINOR
COMMENTS


Supply chain MP 14 July 21 July 5 August 25 August
APPROVED


GHG emission report 7 July
Risk Assessment 27 June 3 July 28 July 1 August APPROVED
JHA procedure 11 July 21 July APPROVED
ESMS Manual 27 May 10 June 15 July 1 August APPROVED


Audit Procedure 20 June 21 July 23 July


1 August
NotAPPROVED
(Clarifications needed
in the audit program)


6 August 19 August
APPROVED


Training Procedure 11 July 21 July 23 July 1 August APPROVED


SEP 16 Jun 3 July 21 July
1 August APPROVED
MINOR
COMMENTS


Grievance Mechanism 30 May 10 June 21 July 1 August APPROVED
Local Workforce Recruitment 17 Jun 26 June 5 August 6 August APPROVED
Employment 23 July 28 July 6 August 8 August APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


OHS Plan 30 June 14 July 5 August 6 August APPROVED


Resource Efficiency 16 Jun 23 June 21 July
1 August APPROVED
MINOR
COMMENTS


See Item 18 x x x x x x


Seawater Sediment 30 June 21 July 23 July
1 August APPROVED
MINOR
COMMENTS


Groundwater Quality Monitoring 16 Jun 26 June 21 July 1 August APPROVED
Wastewater 1 July 14 July 21 July 1 August APPROVED


Soil 14 July 21 July 28 July
6 August APPROVED
MINOR
COMMENTS


Noise 16 Jun 26 June 21 July


1 August NOT
APPROVED
(Measures for
mitigating marine noise
during construction
missing)


6 August 19 August
APPROVED


Dust and other emissions 17 Jun 3 July 23 July


1 August NOT
APPROVED
(Sensitive receptors
and not just humans,
frequency of
monitoring)


6 August


19 August
APPROVED
MINOR
COMMENTS


Waste 27 June 14 July 28 July


6 August NOT
APPROVED (auditing
waste disposal facilities
before they are
retained)


6 August


19 August
APPROVED
MINOR
COMMENTS


Hazardous materials 4 Jun 25 June 15 July 1 August APPROVED
MINOR
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


COMMENTS
Communicable_Diseases_Baseline 20 June 16 July APPROVED


Communicable_Diseases_WHP 11 July 16 July 28 July
1 August APPROVED
MINOR
COMMENTS


Traffic 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Security 30 June 3 July 21 July 1 August APPROVED


Marine Biodiversity 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Terrestrial Flora and fauna 4 July 21 July 6 August


8 August NOT
APPROVED
(monitoring fauna in
proximity of dumping
area Güzelhisar D and
wetland)


8 August 19 August
APPROVED


Alien Species 30 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Chance Find Procedure 23 July 28 July 5 August 6 August APPROVED








STAR PROJECT


Action 


#
Issue Potential Controls & Mitigation Measures Site Prep EPC Operation Action Item


Person 


Responsible 


for Action


Action due date Monitoring Requirement Monitoring Frequency Monitoring Party Report Reports To


1 IFC --- International Finance Corporation


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1a


Performance Standard 1:


Social and Environmental Assessment and Management


System


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1b
Performance Standard 2:


Labor and Working Conditions


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1c
Performance Standard 3:


Pollution Prevention and Abatement


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1d
Performance Standard 4:


Community Health, Safety and Security 


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1e
Performance Standard 5:


Land Acquisition and Involuntary Resettlement 


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1f


Performance Standard 6:


Biodiversity Conservation and Sustainable Natural Resource


Management


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1g
Performance Standard 7:


Indigenous Peoples


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


1h
Performance Standard 8:


Cultural Heritage


IFC Performance Standards;


IFC General EHS Guidelines; and


IFC Industry Specific EHS Guidelines.


x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2 Equator Principles Standards for determining, assessing and managing social and environmental risk in STAR ARP project. Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2a Principle 1: Review and Categorization Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2b Principle 2: Social and Environmental Assessment Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2c Principle 3: Applicable Social and Environmental Standards Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2d Principle 4: Action Plan and Management System Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2e Principle 5: Consultation and Disclosure Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2f Principle 6: Grievance Mechanism Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2g Principle 7: Independent Review Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2h Principle 8: Covenants Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2i Principle 9: Independent Monitoring and Reporting Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


2j Principle 10: EPFI Reporting Standards for determining, assessing and managing social and environmental risk in STAR ARP project. x x x Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


3 Environmental and Social Management Plan Standards for determining, assessing and managing social and environmental risk in STAR ARP project. Incorporate into procedures and practices
Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


3a Environmental Management Plan


Mobilisation Audit;


Routine Internal Audits; and 


Internal Inspections


x x
Audits; and 


Inspections


Owner


Contractor


2 weeks before; 


and


4-6 weeks after 


mobilisation


Mobilisation Audit;


(Contractor must score 100%)


Follow up Audit; and


Inspection Schedule


(If contractor scores less than 85% on audits and inspections, 


undergo a re-audit of outstanding actions within four weeks;)


4-6 weeks after mobilisation; then


Weekly; and


Monthly


Owner


Contractor
Audit Report Project Management


3b
Environmental Management Plan (Integrated Management 


System-IMS Manual- of STAR) Routine Internal Audits; and Internal Inspections
x


Audits; and 


Inspections


Owner


Contractor


Contract effective 


date
Environmental and Social Audit Annual


Owner


3rd Party


Compliance Status 


Report
Project Management


4 Physical
Routine Internal Audits; and Internal Inspections


As per the periodic control procedure:


As per the audit plan


As per the periodic control 


procedure:


As per the audit plan


4a1 Air


Mitigations to control dust from construction activities, include:


• Construction sites, open storage piles and transportation routes will be moisturized twice a day in hot-dry seasons;


• Trucks transporting fugitive material such as soil, sand, etc. will be covered to prevent dispersion during transportation;


Mitigations to control emissions from construction plant / equipment / machinery, include:


• Using closed injection systems and low level volatility of diesel fuel to prevent vaporization losses;


• Minimizing dust from open area sources by using control measures such as installing enclosures and covers;


Exhaust gas emissions arising from the engine land vehicles in traffic shall comply with the Regulation on Control of Exhaust Gas Emissions.


x x Air sampling and monitoring Contractor
Contract Effective 


Date


• Periodic dust (PM10 and settled dust) monitoring;


• Exhaust emissions from construction and transportation vehicles 


monitoring (Regulation on Control of Exhaust Gas Emission).


Refer to Regulation on Control of 


Exhaust Gas Emission
Contractor Air quality study Project Management


ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN 


ENVIRONMENTAL & SOCIAL ACTION PLAN ---COMMITMENTS REGISTER
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STAR PROJECT


Action 


#
Issue Potential Controls & Mitigation Measures Site Prep EPC Operation Action Item


Person 


Responsible 


for Action


Action due date Monitoring Requirement Monitoring Frequency Monitoring Party Report Reports To


ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN 


ENVIRONMENTAL & SOCIAL ACTION PLAN ---COMMITMENTS REGISTER


4a2 Air


SOx, NOx and CO Emission Reducing Techniques and air emission control techniques


• The Refinery furnaces will utilize natural gas and H2S treated Refinery fuel gas for reduction of SOx emissions;


• H2S will be treated and converted to elementary sulfur in Amine Treatment Unit – Sulfur Recovery Unit – Tail Gas Treatment Unit combination;


• Low-NOx burners will be installed in the furnaces for reduction of NOx emissions; and


• Hybrid type burners will be utilized and 3% oxygen utilization will be provided for a complete combustion and for reduction of CO emissions.


• Continuous emission measurement (CEM) shall be provided for the refinery stacks according Turkish Regulations..


• Fluids in H2S service shall be treated and converted to elementary sulfur in Amine Treatment Unit – Sulfur Recovery Unit – Tail Gas Treatment 


Unit combination


Hybrid type burners shall be utilized and 3% oxygen utilization will be provided for refinery furnaces


• Two on-site measurement devices shall be provided within the Refinery Area for monitoring the ambient air quality


• Include VOC Recovery Unit for the loading of ships on the refinery jetties


• Fixed roof tanks shall be coated with light-colored paints that reflect the solar radiation


• Light liquid products such as naphtha, gasoline, etc. shall be stored in internal floating roof - external fixed roof tanks


 All floating roof tanks shall be provided with double seal system.


• Sampling containers and level gauges on tanks shall be capped and be closed


• Automatic sampling system with closed cycle drain system shall be installed for toxic fluids.


 • Vapor return to storage tanks (or other equivalent means) shall be provided for the loading and unloading facilities in VOC service.


•  Pressure safety diaphragm valves shall be provided instead of conventional gasket valves


•  The discharge lines of the pressure safety containing flammable or combustible vapors shall be connected to the flare header.


x x Air sampling and monitoring/design
Owner


Contractor


Contract effective 


date


•• The Refinery related stacks will be equipped with continuous 


emission measurement (CEM) devices for all the parameters 


according to Turkish Regulation. An on-line connection will be 


established to the Provincial Department of Ministry of Environment 


for monitoring. 


• In addition, one or two on-site measurement devices will be located 


within the Refinery Area for monitoring the ambient air quality 


according to Turkish Regulation. 


• As the present air quality in Aliağa region is affected by a number of 


existing industrial facilities and is at critical levels, regional monitoring 


and mitigation measures should be jointly employed by the industries, 


as required by the Governmental Authorities and recommended by 


Aliağa Regional Environmental Baseline and Assimilative Capacity 


Determination Project.


A potential impact of the present air quality and the Project might be 


on vegetation and natural forests, particularly at Bozköy Area, due to 


SO2 and NO2 emissions. Although the incremental change due to the 


Project is small, the air quality will be periodically monitored by the 


Refinery at the area to provide long term measurement data or any 


regional study will be supported.


Refer to Regulation on Control of 


Exhaust Gas Emission
Owner Air quality study Project Management


4a3 Air


VOC Emission Reducing Techniques


• VOC Recovery Unit (VRU) will be constructed for the jetty


•Fixed roof tanks will be coated with light-colored paints that reflect the solar radiation energy to minimize thermal heating;


• Light liquid products such as naphtha, gasoline, etc. will be stored in internal floating roof - external fixed roof tanks; and the floating roof tanks 


will be installed with double seal system. All floating roof tanks shall be provided with aluminium dome except 8 tanks.


• Sampling containers and level gauges in the tanks will be capped and be closed, and an automatic sampling system with closed cycle drain 


system will be installed for all hydrocarbons;


• Measures, such feed back to tanks etc., will be taken for the reduction of fugitive emissions released from the filling arms;


• Pressure safety diaphragm valves will be utilized instead of conventional gasket valves;


• For the limited number of pressure control valves that are open to the atmosphere, valves with tearing disks will be utilized instead of 


conventional valves;


• Double mechanical seals will be used instead of gaskets for leak prevention at pumps in toxic and LPG services;


• Pump vent lines will be connected to the closed cycle gas collection system;


• Labyrinth type sealing system or double sealing will be used for leak prevention at compressors in Hydrocarbon services;


• Quarter-turn radial jacketed plunge valves will be used instead of breaker valves such as gate or global valves in the toxic services and 


hydrocarbon gas services;


• The flanged connections will be minimized and high quality fittings will be utilized in the toxic services;


• All open-ended vents or drains will be covered with caps or plugs;


• Bottom loading system will be installed for tanker loading. 


c Turkish Standards will be followed for the studies of plant technologies and emission reduction.


Fugitive gas control systems will be installed within the Refinery against flammable gas and toxic gas emissions. These systems will be 


continuously checked by the Environment, Health and Safety / HSE department and will be connected to audio and visual alarm systems. The 


Refinery area will be monitored by closed camera system for possible leakages.


All floating roof tanks shall be provided with double seal system.


The discharge lines of the pressure safety containing flammable or combustible vapors shall be connected to the flare header.


Vapor return to storage tanks (or other equivalent means) shall be provided for the loading and unloading facilities in VOC service.


Waste flare gas recovery system shall be provided. The recovered waste gas shall be directed to the refinery fuel gas system.


x x Design and implementation


Operation (To be 


included into the 


design)


Contract effective 


date
Process control procedure, process control parameters Process Control procedures, Owner Process reports Owner


4b Natural Hazards
Drainage channels and ditches will be opened as required to control the surface drainage and to prevent the accumulation of runoff during the 


rainfall events while the rehabilitation activities are carried out.
x x Installation Contractor As required Constructed to engineering design


During and on completion of 


construction


Owner


Contractor
Quality Audit Report Project Management


4c Noise


• Construction activities will be limited during night time;


• Control measures recommended by IFC will be applied where possible:


• Selection of equipment with lower sound power levels; 


• Installing silencers for fans;


• Installing suitable mufflers on engine exhausts and compressor components;


• Installing acoustic enclosures for equipment casing radiating noise;


• Installing vibration isolation for mechanical equipment;


• Limiting the hours of operation for specific pieces of equipment or operations, especially mobile sources operating through community areas;


• Reducing project traffic routing through community areas wherever possible; and


• Developing a mechanism to record and respond to complaints;


• Appropriate personal protective equipment and materials be provided to workers;


• Regular maintenance will be carried out on construction equipment to ensure noise levels are maintained within requirements;


• In order to reduce the potential noise impacts on the residential areas and hospitals in Truck transportation, in Aliağa Town and other 


settlements, during construction phase will be limited to 23:00 - 07:00 hrs.


x x Implementation Contractor Continuous


• Noise monitoring report will be executed by accredited company at 


the Project Site.


• Petkim workers will be interviewed to determine if noise is an issue 


at night. 


• No monitoring is required at the lodgements, except if complaints are 


received.


As Required Contractor Noise report Owner


4c1 Noise


• Designing  main substation in a way to decrease noise generation;


• Fuel gas measurement and control systems having low noise;


• Entry and exit mufflers to cooler fans;


• Auxiliary engine, pump, compressor and valves having low noise;


• Limiting trucks transportation only within daylight hours; 


• Topsoil salvage areas will as possible be located to aid in providing sound barriers; and 


• Trees will also be planted around the Project Site to establish a sound barrier.


x x Implementation Owner
Contract effective 


date


• Regular in-door and outdoor noise monitoring will be conducted at 


the Project Site. 


• Noise monitoring is not required at the Petkim lodgements, unless 


complaints are received. 


Monthly day time and night time 


boundary noise measurements.
Owner Noise report Owner


4d1 Soils


• Removed topsoil will be moved and stored in a proper area at the Project Site to be used for landscaping after construction. This topsoil will 


also be used for reclamation after closure. 


• Develop a viable system to conserve as much topsoil on site in an ecologically viable way. Additional top soil storage, if required, subject to 


agreement with regulators, it shall be moved off-site to be placed in an appropriate productive manner.


• To avoid loss by surface runoff, soils will be covered by tarpaulins or gravel, the ground will be covered by impermeable material and slope of 


the soils will not be over 5%.


x x Top soil protection Contractor Continuous


• Annual reporting of soil salvage and reclamation activities during 


construction, including area disturbed, area and volume of soil 


salvaged, area re-contoured, and area of soil replacement.


Annual Contractor Audit Report Owner
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4d2 Soils


• Excavate cross ditches to divert runoff within the construction site away from the interception channels discharging to the sea;


• Construct settling ponds at the end of cross ditches before they connect to the interception channels; and


• The Project Site will be progressively reclaimed through re-vegetation against soil erosion.


x x Erosion and Sediment Control
Design team, 


Contractor
Continuous


• Monitoring and annual reporting during construction of the 


effectiveness of erosion control efforts including erosion control 


structures and measures implemented.


• Annual reporting of soil salvage and reclamation activities during 


construction including area disturbed, area and volume of soil 


salvaged, area re-contoured, and area of soil replacement.


Annual Contractor
Soil management and 


reclamation report.
Owner


4e Chemical Spill Prevention


Spill Prevention Measures


• In order to prevent corrosion which causes leaks, tanks’ outer surfaces will be painted and isolated with protective material. The inner surfaces 


of the tanks (2.0 meters high) will be coated with epoxy topping and protected from corrosion. This method, which is a kind of inner surface 


lining, will prevent corrosion on the tanks bottom. 


• Tanks will be located singly or in groups of four at the tank farm areas, as mentioned in Section G.3.1-1. Tank areas where bigger tanks 


located will be paved.


• The volume of the tank containments will not be less than 100% of the volume of the biggest tank within the containment area.


Spilled material within the secondary containments and any contaminated water shall be collected. The hydrocarbons shall be disposed of to the 


slop tanks, and the effluent water transferred to the Waste water treatment unit (WWTU). 


• Any contaminated soil within the Refinery area will be removed and disposed as a hazardous waste material.


• Groundwater monitoring wells will be constructed to monitor the groundwater quality according to Turkish Regulation.


x x x


Apply corrosion protection and install 


Secondary Containment for Spill 


Prevention


Design team, 


Contractor 


Prior to tanks 


becoming 


operational;


Monitor groundwater quality Monthly Owner Audit Report Owner


4f1 Sea Water


• Temporary prefabricated wastewater treatment plant(s) will be installed at the construction camp(s) to treat the wastewater to the quality 


required by the regulatory limits. An environmental permit including wastewater discharge permit will be obtained from the Provincial 


Administration of MoEF. In case the permit requires different limits defined in Turkish Water Pollution Control Regulation - Table 21.2, the 


permit limits will be followed. 


• The characteristics of the treatment plant(s) will be selected so that the capacity is sufficient and the treatment system is appropriate to treat 


the particular wastewater from each of the construction camps to the quality required by regulations and permits.


• A clarification pond will be located to collect and reduce sediments carried by runoff from areas affected by the Project, before the runoff water 


is routed to the sea.


• Excavate cross ditches to divert runoff within the construction site away from the interception channels discharging to the sea.  Construct 


settling ponds at the end of cross ditches before they connect to the interception channels


x x Seawater quality-wastewater discharge Contractor
4-6 weeks after 


mobilisation
WWTP  Effluent


Effluent quality of the treatment 


plants will be periodically 


monitored as required by the 


permit. Should the permit not state 


a monitoring period, then the 


monitoring will take place once in 


a month. 


Contractor
Effluent quality test 


reports


As stated by the permit, 


to the owner


4f2 Sea Water
• Monitoring of suspended solids, floatable oil and grease, transparency, suspended solids and/or turbidity in areas of excavation stockpiles 


during the construction activities is suggested.
x Seawater quality-wastewater discharge Contractor Construction


At list two stations are suggested: one closer to the construction area


and the other (control area) further but always within the Nemrut Gulf.
Seasonal (every three months) Contractor Quality Test Reports Project Management


4f3 Sea Water


• Wastewater treatment plant will be installed to treat the wastewater to the quality required by the regulatory limits. An environmental permit 


including wastewater discharge permit will be obtained from the Provincial Administration of Ministry of Env. and Urban Planning. In case the 


permit requires different limits defined in Turkish Water Pollution Control Regulation - Table 21.2, the permit limits will be followed. 


• The characteristics of the treatment plant(s) will be selected so that the capacity is sufficient and the treatment system is appropriate to treat 


the refinery wastewater


x x


Seawater quality-wastewater discharge Owenr
Contract effective 


date
WWTP  Effluent


Effluent quality of the treatment 


plants will be periodically 


monitored as required by the 


permit. Should the permit not state 


a monitoring period, then the 


monitoring will take place once in 


a month. 


Owner
Effluent quality test 


reports


As stated by the permit, 


to the owner


4g1 Marine Sediment


Monitoring is the only way to ensure that damage is kept to a minimum. It also provides valuable information on the success of the Project and 


can help in future decision-making. 


An annual monitoring with respect to pollutants levels on sediment is suggested, taking remedial action if necessary. The main chemical 


parameters should be monitored (e.g. heavy metals, polycyclic aromatic hydrocarbons (PAHs), polychlorobiphenyls (PCB)); at the same time a 


monitoring of sediment physical parameters like granulometry is recommended too. Monitoring could be focused on the superficial level of 


sediment; therefore the samples could be collected by grab. 


x x Marine Sediment Quality Contractor
Construction/Exte


nded to operation
Sediment quality Annual Contractor Quality Test Reports Project Management


4g2 Marine Sediment


Monitoring is the only way to ensure that damage is kept to a minimum. It also provides valuable information on the success of the Project 


and can help in future decision-making. 


An annual monitoring with respect to pollutants levels on sediment is suggested, taking remedial action if necessary. The main chemical 


parameters should be monitored (e.g. heavy metals, polycyclic aromatic hydrocarbons (PAHs), polychlorobiphenyls (PCB)); at the same time 


a monitoring of sediment physical parameters like granulometry is recommended too. Monitoring could be focused on the superficial level of 


sediment; therefore the samples could be collected by grab. 


x x


Marine Sediment Quality Owner
Construction/Exte


nded to operation
Sediment quality Annual Owner Quality Test Reports Owner


4g3 Marine Sediment


Classical systems like silt curtains and containment booms will be adopted during the construction activities. In addition to classic approach, 


one option that might be considered too, is to use a sleeve constructed of steel plate or silt screen in a box frame; the screen and frame would 


be suspended directly from the derrick and the clamshell or backhoe system used; this last option might be used to provide surface mitigation of 


turbidity (and pollutants, if any) if a full length curtain is not feasible due to the water depth. Especially the northern section of the study area, 


inhabited by posidonia and hard bottom communities will be protected by sediment dispersion. The wind and wave directions SW could cause a 


sediment accumulation on these habitats.


x x


Marine Sediment Quality Owner
Construction/Exte


nded to operation
Sediment quality Annual Owner Quality Test Reports Owner


4h Geomorphology and marine Currents


 Monitoring is the only way to ensure that evolution is kept under control. It also provides valuable information on the success of the Project and 


can help in future decision-making. Monitoring with respect to coastline evolution, and inner port bathymetry time evolution is suggested. 


Appropriate frequency and extension have to be assessed; in any case about bathymetry a single beam (or multibeam) monitoring each year 


during the first 2-3 years and lather on each 2-3 years could be adequate. 


(If dredging is used)


x x Geomorphology and marine Currents Contractor
Construction/Exte


nded to operation
Bathymetry; a single beam (or multibeam) monitoring


Annual (first 2-3 years) than, every 


2-3 years
Contractor


Monitoring findings 


report


Project 


Management/Owner
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4i Chemical Handling


• Hold or appoint entities that hold appropriate licenses for the transport, handling, storage and disposal of hazardous materials as relevant to 


the work under the Contract. This includes any Dangerous Goods Licensing.


• Ensure that site approvals for new chemicals brought onto site are in accordance with the requirements under the site Health and Safety 


Management Plans.


• Ensure current Material Safety Data Sheets (MSDS) accompany all chemicals kept on site. MSDS are to be filed with the chemical, or a 


clearly marked sign will direct where MSDS are stored. MSDS folders shall be up to date and contain an index of information held. Storage 


(i.e. bund, labeling, ventilation, weatherproofing, etc) and disposal of chemical requirements shall comply with the requirements detailed within 


the MSDS.


• Ensure that used empty hydrocarbon & chemical containers shall be treated as full and be Stored and disposed as such.


• Dispose of hydrocarbon contaminated material from any site at a licensed facility or as advised by the STAR ESO. Where the material has 


been assessed, it shall be transported and disposed of by a licensed operator.


Remove storm water present within tankage area after a rain event. After monitoring the collected storm water in the tankage area, the water 


can be disposed of as contaminated water to the WWTU or redirected directly to the GDS.


• Ensure that appropriate suction/pump equipment to evacuate water from bunds and other containment areas is maintained and available 


onsite. Such equipment shall be used by the contractor to remove water from bunds in accordance with the above requirement.


• Ensure that any drains or valves in bunds, drip trays and other containment equipment are sealed at all times unless authorized for removal 


by the site STAR ESO.


• Ensure that chemical & hydrocarbon storage vessels (e.g. drums & chemical cabinets) are sealed and contained when being transported 


around site.


• Fit service trucks, re-fuelling trailers and other vehicles used for the transportation of hydrocarbons and chemicals with spill kits and drip 


trays. Drip trays shall capture all spills and drips whenever re-fuelling is being undertaken.


• Make effective spill clean up material readily available at each work site and on all mobile service trucks or vehicles, where hydrocarbons and 


chemicals are stored and / or used;


• Control and clean up any spills as per Spill Response Procedure and guidance from the STAR ESO.


x x x


Implementation of safe Chemical 


Transportation, Handling and Storage
Owner


Contract effective 


date
Inspections / Audits • Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner
Inspection / Audit 


Reports and Checklists
Project Management


4j
Resource Consumption


Resource efficiency will be re calculated during detailed design to be in line industry benchmarking values. Measures will be in place if the 


values are excessive of the benchmarking values. x x Resource Efficiency
Contractor Continues


Design values. 


Resource consumption monthly reporting
Final Design; afterwards monthly Owner Design Report Project Management


5 Biological


5a Fauna


• At Orientation / Induction  employees will be given instructions to prevent harming those fauna species that might be present and measures 


and provisions of BERN Convention Conservation Articles 6 and 7;


• In respect of specially protected fauna species (BERN Convention Article 6), following acts are strictly forbidden:


o all forms of deliberate capture, keeping and deliberate killing;


o the deliberate damage to or destruction of breeding or resting sites;


o the deliberate disturbance of wild fauna, particularly during the period of breeding, rearing and hibernation;


o the deliberate destruction or taking of eggs from the wild or keeping these eggs even if empty;


o the possession of an internal trade in these animals, alive or dead;


• In respect of protected species, measures to be taken shall include (BERN Convention Article 7);


 o closed seasons and/or other procedures regulating the exploitation;


• The temporary or local prohibition of exploitation, as appropriate, in order to restore satisfactory population levels;


• The regulation as appropriate of sale, keeping for sale, transport for sale or offering for sale of live and dead wild animals.


• Native fauna shall not be captured, fed, harmed or disturbed.


• Road kills of native fauna, including those when travelling to the Project Site, shall be removed from the road and reported as an environmental 


event.


• Report all fauna deaths and feral animal sightings in the Project Site to STAR ESO.


• Ensure no pets or other animals are brought to the Project Site;


• Cap all bores at all times;


• Tape or cover all conduit ends if left open overnight to avoid trapping fauna.


• Do not use barbed wire in the Project Site e.g. for fencing. Barbed wire is prohibited onsite unless authorized by STAR ESO.


x x x Preservation of Fauna Contractor Continuous
Monthly checks to ensure that Petkim’s forest area has not been 


inadvertently impacted by equipment. 
Monthly Owner Audit Report Project Management


5b Flora-Terrestrial


• The Project footprint will be minimized to the smallest extent possible to meet and support the Project works and activities. 


• Inadvertent disturbance to the adjacent Petkim forest area will be avoided through clear demarcation of the Project Site boundaries.


• Dust control measures will be implemented along roads, in areas of excavation and earthworks and for stockpiles and spoil heaps, as 


described in the Air Quality assessment.


• Progressive reclamation of areas cleared during construction but not subject to the placement of facilities will occur, with the goal of producing 


a stable vegetative cover to minimize erosion from air and water and to produce visual and ecological advantages. All suitable areas of the site 


will be re-vegetated after construction and assembly of the refinery is completed. Grass and decoration plants will be used in locations such as 


the office and directorate building and evergreen young plants will be used in more distant locations away from buildings. A landscape design 


will be made especially for the Project and species to be used in the site for landscape purposes will be determined after this work. Existing flora 


of the region will be considered in selection of plant species to be used. To minimize the potential for the introduction of aggressive non-native 


plant species, the importation of top soil or potting soil from distant locations will be discouraged.  Locally available soils, amended as 


necessary to improve fertility, will be used for accent plantings and small-scale restoration.


x x x Preservation of Flora Contractor
4-6 weeks after 


mobilisation


Monthly checks to ensure that Petkim’s forest area has not been 


inadvertently impacted by equipment. 
Monthly Owner Audit Report Project Management


5c1 Marine Biological Components-Phase 1


• The Project footprint will be minimized to the smallest extent possible to meet and support the Project works and activities. 


• The northest portion of the wharf will be planned in order to avoid any overlapping with the P. oceanica meadow. 


• Inadvertent disturbance to P. oceanica will be controlled through clear demarcation of the meadow’s boundaries, by using small buoys


positioned by scuba divers.


• During the construction phase it is advisable to avoid working activities and ships mooring close to the hard bottom area located 700 m north


from the upper limit of the project area (medium point coordinates of the hard bottom: 38°47'38.18"N   26°54'30.98"E).


• In order to avoid filling material spreading out through the marine environment, and therefore causing turbidity and sea pollution by spreading


around the sea, the activity owner shall take structural measures. In particular SW wind and waves could cause an accumulation of sediment on


posidonia and hard bottom communities located in the northern section of the study area. Classical systems like silt curtains and containment


booms can be adopted during the construction activities to protect sensitive species of northern area from sediment accumulation.


• The filling material will not include heavy metals; moreover the mineralogical, chemical and physicochemical characteristics of the material


shall not derogate the present quality of the sea, and shall be in accordance with the General Technical Specifications of T.R. Transportation


Ministry, RHA Construction.


• Providing a stone side on the jetty and scouring the surface to provide a rough surface more attractive for settlement of marine organisms, in


order to offer additional ecological niches for marine flora and fauna species.


• It is suggested a guide for checking and managing ballast water in order to mitigate the transfer of harmful and pathogenic organisms and


alien species. The recommended measures are: exchanging ballast water out at sea; regularly cleaning the ballast tanks to eliminate the


sediment and mud that can accumulate there; discharge on land where treatment facilities exist.


• Given that closure will not occur for at least 30 years and that the area is designated for ongoing industrial use, it is not useful to comment in


any detail on reclamation activities closure. Such planning would occur close to the closure period once closure objectives are decided.


x x Marine Biological Components Contractor Construction


Monitoring of sedimentation on marine assemblages through ad hoc


sediment marks with centimetre scale. During the construction phase


scuba divers should regularly (e.g. monthly) verify and photograph the


sediment level variation on the sea bottom at selected locations to be


effected by construction. 


Monthly Contractor
Monitoring findings 


report
Project Management


5c2 Marine Biological Components-Phase 1


Monitoring is the only way to ensure that damage is kept to a minimum. It also provides valuable information on the success of the Project and 


can help in future decision-making. Monitoring with respect to the  sedimentation regime and the posidonia’s status is suggested, taking 


remedial action if necessary.


x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


 Two stations located within the posidonia meadows should be 


monitored ante operam  and during the construction applying 


phonological, lepidochronological and balisage  methods. 


• A register cetacean strandings in a buffer area of 10 km around the 


Project area (if any) should be kept.


A six monthly frequency during the 


construction phase is suggested, 


then, during the operational phase, 


an annual frequency during the 


first 2 years.


Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner
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5c3 Marine Biological Components-Phase 2


In addition to above mentioned mitigation measures for Phase 1:


Other additional mitigations listed below concern in particular Phase 2 of the project. In particular, according to a best practice approach to 


managing biodiversity risk, the concept of ‘mitigation hierarchy’ should be applied to ensure ‘no net loss’ of biodiversity (IFC 2012 – PS6). In 


accordance with the mitigation hierarchy, efforts should be made to prevent or avoid impacts to biodiversity, then minimise and reduce, and then 


repair or restore adverse effects. After these steps, any significant residual effects should then be addressed via a ‘biodiversity offset’ in order to 


achieve no net loss of biodiversity. 


• The northeast portion of the wharf will be planned in order to avoid any overlapping with the hard substrata constituting the small cape in the 


northern part of the study area. 


• During the construction phase it is advisable to avoid working activities and ships mooring close to the hard bottom benthonic communities 


located northern to the last portion of the coastal platform (medium point coordinates of the hard bottom: 38°47'38.18"N   26°54'30.98"E).


• Impacts on posidonia located directly under the northern part of the wharf and under the jetty 4 (i.e. around the new infrastructures planned 


within a 10 meters buffer area) could not be likely avoided. No mitigation measures could be applied, therefore, in order to render acceptable the 


Phase 2 of the project, the re-planting of posidonia could be taken into consideration as compensative measure. Within this framework the 


following items must be considered:


- Posidonia re-planting can be carried out using tested methods, set during 40 years of studies and experiences carried out in the Mediterranean 


Sea;


- A key point is the right choice of the re-planting sites; a preliminary survey aimed to obtain useful information about the pre-selection of 


suitable re-planting sites is necessary.


x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


 Two stations located within the posidonia meadows should be 


monitored ante operam  and during the construction applying 


phonological, lepidochronological and balisage  methods. 


A six monthly frequency during the 


construction phase is suggested, 


then, during the operational phase, 


an annual frequency during the 


first 2 years.


Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c4 Marine Biological Components-Phase 2 Monitoring of the re-planted meadow during the following two years must be carried out to ensure the replanting operation. x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


two stations should be located in the area colonised by P. oceanica 


out of the part of the meadow directly overlapped by the new 


infrastructures and monitored ante operam and during the 


construction applying phenology, lepidochronology and balisage 


methods.


A six monthly frequency during the 


construction phase is suggested, 


then, during the operational phase, 


an annual frequency during the 


first 2 years.


Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c5 Marine Biological Components-Phase 2
Public disclosure actions system  to increase social awareness in sensitive coastal habitats (e.g. by meaning of publicity materials on billboards 


or brochures to be distributed to the public).
x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


 in case the re-plantation activities are carried out, an ad hoc 


monitoring focused on re-planted posidonia should be undertaken. 


The monitoring of the re-planted posidonia, should be performed by 


scuba diving and the analysis should be carried out by using non 


destructive methods. The measures should involve some descriptors 


of health status of meadow as: 


o survival rate of shoots; 


o shoot density and length; 


o leaf necrosis; 


o radication; 


o leaf epiphyte community;


o sexual and vegetative reproduction. 


the following frequency of 


monitoring should be considered: 


Time 1: 1 month after the re-


planting operations; Time 2: 3 


months after the re-planting 


operations; Time 3: 6 months after 


the re-planting operations; Time 4: 


12 months after the re-planting 


operations; Time 5: 18 months 


after the re-planting operations; 


Time 6: 24 months after the re-


planting operation.


Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c6 Marine Biological Components Define construction area considering the recommendations in the ESIA. x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


Set as required Set as required Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c7 Marine Biological Components
Define filling material specifications in line with legislation and the limitations in the ESIA and impalement the construction and filling 


recommendations detailed in the ESIA section D.4.
x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


Set as required Set as required Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c8 Marine Biological Components Biodiversity Action Plan x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


Set as required Set as required Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


5c9 Marine Biological Components
Any accidental discharges will be reported through an incident reporting system, and the response actions taken for facing the contingency will 


be reported, thus providing sea bed/water contamination monitoring and control. 
x x Marine Biological Components Contractor/Owner


Construction-


Extended to 


operation


Set as required Set as required Contractor/STAR
Monitoring findings 


report


Project 


Management/Owner


6 Social Management Plan


6a1 Archaeology and Cultural Heritage
• A Chance-Find Procedure will be established and implemented for the procedure to be followed in case of an accidental archaeological 


findings during construction activities, along with the requirements of Law for Protection of Cultural and Natural Estates.
x Develop and implement procedure Contractor


Effective Contract 


Date
On discovery of a 'Chance Find' On discovery of a 'Chance Find' Owner


In compliance with the 


procedure
Owner


6a2 Archaeology and Cultural Heritage


Due to the absence of specific marine studies on possible archaeological remains in the Nemrut bay, it is advisable that an archaeological study 


of the seabed affected by the project is performed by expert archaeologists, in accordance with the Izmir Directorate of Cultural and Natural 


Heritage, before the start of any construction activity. This investigation should be conducted using side scan sonar data, multibeam 


echosounder data, sub bottom profiler data and underwater video recording, which allow the identification of possible remains. 


x Develop and implement procedure Contractor Pre-Construction On discovery On discovery Owner
In compliance with the 


Legal Requirements
Owner


6b Community Engagement


The engagement process will include consultation with local communities which may be affected by risks or adverse impacts from the Aegean 


Refinery Project,


- Maintain positive and continuous dialogue with local community


- Allow suggestions and comments from local communities


- Give answer to possible complaints or grievances


x x x
Build upon and extend community 


information programmes
Owner


Contract effective 


date


Community consultation conducted on a monthly basis for the  first 6 


months and then 4 times a year. 


STAR CRT dedicated telephone line 


-Grievance Mechanism


Ongoing process Owner
Grievance records, 


community meetings
Project Management


6c1 Disclosure
Inform local stakeholder on the outcomes of the ESIA;


Incorporate possible suggestions and comments before final decisions are taken.
x x x -   ESIA public disclosure meeting Owner ESIA finalisation Continuous Continuous Owner


Comments from 


stakeholder
Project Management


6c2 Disclosure Explain and discuss issues associated with the planned construction activities with public x x x Public Meeting Owner Pre-Construction During preconstruction During preconstruction Owner Comments from public Project Management
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6c3 Disclosure


Regular engagement sessions on a monthly or bi-monthly basis with the community with an objective of 


 Inform local stakeholder on the progress of the work


Maintain positive and continuous dialogue with local community


Give answer to possible complaints or grievances


Grievance Mechanism


x x x
Public Meetings


Grievance Mechanism
Owner/Contractor Construction During construction Bi-monthly or monthly Owner


Comments from 


stakeholders
Project Management


6d1 Effects of the Project  on the local fishing industry


• Proposed mitigation activities are related to the safeguard of the posidonia meadow close to the project Site, in order to reduce possible 


consequences on the marine life and therefore on the fishing potentialities of the area. Moreover the mitigation measures will include providing a 


stone side on the jetty and scouring the surface to provide a rough surface more attractive for settlement of marine organisms, in order to offer 


additional ecological niches for marine flora and fauna species (especially sessile organisms).


• Detailed mitigation measures to reduce impact on the marine habitat can be found in the specific Marine Flora and Fauna sections above.


x Develop and implement procedure Owner/Contractor Construction During construction
See see marine biological 


components


See see marine 


biological components


See see marine 


biological components


See see marine 


biological components


6d2 Effects of the Project  on the local fishing industry Include the fishing representatives into community engagement plans x x x
Build upon and extend community 


information programmes
Owner


Contract effective 


date
See above See above Sea above See above See above


6e Disadvantaged Groups


Owner will identify individuals and groups that may be differentially or disproportionately affected by the project because of their disadvantaged 


or vulnerable status.


Owner will propose and implement differentiated measures so that adverse impacts do not fall disproportionately on them and they are not 


disadvantaged in sharing development benefits and opportunities.


x x x
Propose and implement differentiated 


measures
Owner


Contract effective 


date
Initial survey and thereafter annual: None identified during ESIA phase Annual Owner Survey Report Project Management


6f Socio-Economics


• STAR is planning to employ the reserve workforce in Aliağa in the first place and then employ the people from other parts of Turkey.


• For the permanent employees during the operation phase of the Project, part of Petkim lodgements will be utilized. Remaining employees will 


stay in the Town. Potential location for these employees will be decided through the consultation with the Municipality and District Governorate. 


• The vocational school that will be constructed by SOCAR will meet the needs for the technical educational services at high school level. 


• Other infrastructure requirements will be provided through the consultation with the Municipality and the District Governorate. 


• An explicit grievance mechanism will be developed for the Project, as described in the Public Consultation and Disclosure Plan (PCDP) to 


invite feedback related to unpredicted community impacts. The results of the grievance mechanism will be regularly reported.


x x x Implement Owner
Contract effective 


date
Grievance mechanism Continuous Owner


Monitoring findings 


report
Owner


6g Effects of the Project through new employment opportunities


• Development of a Human Resources policy that includes the following key elements:


o Entitlement to and payment of wages; permissible wage deductions;


o Overtime payments; hours of work and any legal maximums;


o Entitlement to leave for holidays, vacation, illness, and maternity and other reasons;


o Entitlement to benefits; 


o The employees’ right to form and join workers’ organizations;


o Disciplinary and termination procedures and rights;


o Conditions of work;


o Occupational safety, hygiene and emergency preparedness;


o Promotion requirements and procedures;


• Ensuring all employees have clear documentation of their working relationship to the owner;


• Developing clear statements to highlight a commitment to non-discrimination and equal opportunity, as well as similar statements that forbid 


any form of child or forced labor, which may mean developing specific references to national legislation;


• Developing an internal worker’s grievance mechanism, which complements the grievance mechanism for external actors;


• Documenting efforts to explain to all contractors and non-employee workers that the key elements of ILO and IFC best practice also are 


relevant for non-employee workers; and


• Documenting efforts to explain to suppliers that they must conform to international guidelines related to child and forced labor.


x x x Implement Owner
Contract effective 


date
As requires


As requires: refer to IMS manual 


for HR framework
Owner


Monitoring findings 


report
Owner


7 Labour and Health & Safety Management Plan


7a Labour


7b Community Exposure to Disease


Providing surveillance and active screening and treatment of


workers


· Preventing illness among workers in local communities by:


o Undertaking health awareness and education initiatives use


o Training health workers in disease treatment


o Conducting immunization programs for workers in local communities to improve health and guard against infection


o Providing health services


· Providing treatment through standard case management in on-site or community health care facilities. Ensuring ready access to medical 


treatment, confidentiality and appropriate


care, particularly with respect to migrant workers


· Promoting collaboration with local authorities to enhance access of workers families and the community to public health services and promote 


immunization


x x x
Develop Health Care and Surveillance 


Programme


Owner


Contractor


Prior to 


mobilisation
Audit Health Care and Surveillance Programme Initial and as required


Owner


Contractor


Health Care Surveillance 


Report
Project Management


7c Labour Health and Safety Management Plan


Company doctor or accredited third party company doctor according to Turkish Regulation.


Company Medical Services


Health Surveillance


x x x
Develop Health Care and Surveillance 


Programme
Owner


Contract effective 


date
Audit Health Care and Surveillance Programme Initial and as required Owner


Health Care Surveillance 


Report
Owner
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7d Employment - Human Resources


1. Development of a Human Resources policy that includes the following key elements:


• Entitlement to and payment of wages; permissible wage deductions;


• Overtime payments; hours of work and any legal maximums;


• Entitlement to leave for holidays, vacation, illness, and maternity and other reasons;


• Entitlement to benefits;


• The employees’ right to form and join workers’ organizations;


• Disciplinary and termination procedures and rights;


• Conditions of work;


• Occupational safety, hygiene and emergency preparedness;


• Promotion requirements and procedures;


2. Ensuring all employees have clear documentation of their working relationship to the owner;


3. Developing a direct grievance mechanism.


x x x Develop Human Resource procedures Owner
Contract effective 


date


Audit Human Resource procedures; refer to IMS Manual for Human 


Development framework
As required Owner Audit report Owner


7e Grievance Grievance mechanism procedure / forms x x x Implement grievance procedure Owner
Contract effective 


date
Audit Grievance Procedure Initial and then annually Owner Audit report Owner


7f Supply Chain


Adverse impacts associated with supply chains will be considered where low labour cost is a factor in the competitiveness of the item supplied.  


The Owner will inquire about and address:


• child labour; and


• forced labour; in its supply chain.


Include the provision of supply chain information in to supplier evaluation system


x x x Owner inquiry Owner
Contract effective 


date
Quarterly during supply of equipment, materials and tools.


As required by the IMS auditing 


procedures
Owner Findings Report Owner


7g
Working Conditions (including camp workers and migrant 


workers)


• Occupational Health and Safety Law No. 6331 (30 June 2012)  and


• Regulation on Workers Health and Work Safety (09 December 2003, Off. Gaz. no: 25311).
x x x


Incorporate into HSES procedures and 


practices
Owner


Contract effective 


date
HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner
Audit / Inspection 


Reports
Owner


7h Working Relationships HR Policies, Practices and Procedures x x x Develop and Implement Owner
Contract effective 


date
Labour H&S Plan Audit Initial and thereafter Annually Owner Audit Report Owner


8 HSES Practices and Procedures STAR ARP Site Specific HSES Practices and Procedures Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a1 HSES 12 STEPS to a SAFER PROJECT STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a2 1. Subcontractor Management Prequalification STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a3 2. Pre-Project HSE STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a4 3. HSE Education and Orientation STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a5 4. New Employee Development STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a6 5. HSE Awareness Program STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a7 6. Substance Abuse Program STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a8 7. Recognition and Rewards STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a9 8. Incident Reporting and Investigation STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a10 9. Pre-Task Planning STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a11 10. Management in Action STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a12 11. Audits/Assessments STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8a13 12. Utilization of Networking and Resources STAR ARP Site Specific HSES --- 12 STEPS to a SAFER PROJECT x x Preparation and Implementation
Owner


Contractor


Contract effective 


date and 


continuous


HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner


Contractor


Audit / Inspection 


Reports
Project Management


8b HSES Practices and Procedures STAR Integrated Management System (IMS) Manual x Preparation and Implementation
Owner


Contractor


Contract effective 


date
HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner
Audit / Inspection 


Reports
Owner


8c HSES Plan


• complies with all applicable Turkish legislation as well as Equator Principles and relevant IFC guidelines;


• implements internationally recognized best management/industry practices;


• complies with the commitments addressed in the ESIA to minimize the expected potential environmental and social impacts;


• adheres to high standards of safety and care for the protection of the employees and public;


• promotes its policies through training, supervision, regular reviews and consultation;


• maximizes the use of local and regional labor forces to the extent feasible, to maximize local socioeconomic benefits;


• implements a stakeholder engagement program to engage the local community in the Project activities at all phases; and


• supports and participates to any regionally decided protection, mitigation and monitoring plans for Aliağa.


x x x Preparation and Implementation
Owner


Contractor


Contract effective 


date
HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


Owner
Audit / Inspection 


Reports
Owner


8d Emergency Response Plan


• Emergency Preparedness and Response Plans;


• Provide adequate equipment and materials to effectively manage emergencies;


• Demonstrate that such plans are or will be effective through personnel training and testing;


• Develop post emergency plans which include a review of the effectiveness of the plan, its implementation, and the need for revisions.


• Preperation of Risk Assessment and Emergency Response Plan for  STAR MArine Terminal.


• Additional risk assessment studies to be completed (in addition to existing QRA and others) will be completed by EPC contractors in order to 


develop the emergency response plans for the marine sections.


x x x Implementation
Owner


Contractor


Contract effective 


date
HSES Audit, drill


Liaise with Petkim


• Daily HSES Observations;


• Weekly HSES Inspections;


• Drills -6 monthly 


•Annual HSES Audits (Corporate)


Owner;


Petkim; and 


Port Authority, other 


third emergency 


response authorities


Audit / Inspection 


Reports
Owner
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9 Security Plan


• Provision of gate, perimeter and mobile security;


• Assistance in all emergency situations;


• An effective central and mobile communication systems;


• A personnel control and identification system; for all Owner and Contractor personnel;


• Random observations to ensure all Owner and Contractor personnel are ‘Fit for Duty’;


• A vehicle control system which will identifying vehicles that are authorized for access to the site;


• A tool and material control system is established to enforce that no property, equipment, materials and tools should be removed from the site 


unless accompanied by an approved clearance pass, including random searches;


• Guidelines for gate control governing authorization for personnel ingress / egress and deliveries is established and enforced.  Security Plan 


shall be prepared according to Turkish Regulation.


• Will be part of the HSE plans and procedures to be developed by STAR.               


x x x Implementation Owner Continuous HSES Audit Owner
Audit / Inspection 


Reports
Owner


10 Traffic Management


• Scheduling of traffic to avoid peak hours on local roads;


• Adopting best transport safety practices with the goal of preventing traffic accidents and minimizing injuries suffered by project personnel and 


the public;


• Emphasizing safety aspects among project drivers; specifically ensure drivers respect speed limits through built areas and urban centers;


• Ensure contractors regularly maintain vehicles to minimize potentially serious accidents caused by for example, brake failure commonly 


associated with loaded construction trucks.


For noise due to the heavy duty vehicles;


• Scheduling Project traffic for daylight hours, where possible, to minimize sleep disturbance by increased noise events (this has been assumed 


in the analysis);


• Scheduling large vehicle (trucks and buses) trips as convoys to reduce the number of times per day a disturbance may occur, if this option is 


preferred by noise receivers; and


• Maintaining vehicles in good condition to ensure they are no louder than other, similar vehicles on the roadways


For air pollution due to the heavy duty vehicles;


• Using closed injection systems and low level volatility of diesel fuel to prevent vaporization losses;


• Minimizing dust from open area sources by using control measures such as installing enclosures and covers, and increasing the moisture 


content;


• In addition, the exhaust gas emissions arising from the engine land vehicles in traffic shall be complied with the Regulation on Control of 


Exhaust Gas Emissions Arising from the Engine Land Vehicles.


•Traffic simulations study for the marine operations will be prepared


x x x


Implementation of Traffic Management 


Plan as part of environmental management 


plan


Owner Continuous


• Driver education will be monitored to ensure it takes place, especially 


during construction and including for contractors.


• Incidents and accidents will be investigated and lesson’s learned 


used as necessary to improve traffic mitigations. 


• Any traffic comments received during ongoing consultations or from 


grievances received will be considered and as necessary used to 


improve traffic mitigations.  


• For noise due to the heavy duty vehicles;


• Feedback will be sought from local stakeholders during construction 


as regards any perceived changes in noise impacts linked to heavy 


traffic.


• Should complaints be received during consultation or from grievance 


mechanism, noise monitoring would take place, to clarify levels of 


impact and to see the role of Project traffic in that impact.


• For air pollution due to the heavy duty vehicles


• Monitoring will be linked to consultation as described for potential air 


quality issues raised by local stakeholders.


• Inspections once a week.


• Suitable preventive and 


corrective action to be taken if 


required.


Owner Audit Report Project Management


11 Waste Generation & Waste Disposal


11a Assess potential groundwater contamination See spill prevention


11b Hazardous materials handling and storage See Chemical Handling 


11c Hazardous Waste Disposal Refer to Waste Management


11d Leak Detection and Repair Program See Chemical Spill Prevention   4e


11e Sanitary Wastewater Discharge. See seawater


11f Surface Water Discharge


Water collected in the GSD (paved area outside the process units and water from the wells) is routed to the sea.


Storm water from the area outside the STAR Facility is redirected directly to the sea via


channels.


x x x Implement Owner
Contract effective 


date


Monthly monitoring of effluent discharge to the sea for oil and grease 


content (unless otherwise is requested by local authorities under 


Environmental Permit)


Weekly Owner
Effluent quality test 


reports
Owner


11g Waste Management


• As required by the “Regulation on General Principles of Waste Management” the wastes generated during operation phase will be separately 


collected and stored on the site and will be disposed according to the requirements provided in the relevant regulations


• Waste stations will be established around the Project site, which include all bin types required for appropriate segregation of all waste types 


generated in an area. All bins shall be clearly labeled including waste oil storage tanks.


• Hazardous waste storage areas will be provided within the Project Site. These areas will have impermeable pavement, will be fenced, covered 


and labeled, as required by the Regulation on Hazardous Wastes.


• The waste types will be stored / disposed according to the following principles:


o Domestic solid wastes: Will be collected and disposed by Aliağa Municipality.


o Excavation waste : Will be transported to the area indicated by Aliağa Municipality in accordance with the provisions of the Regulation on 


Control of Excavation, Construction and Demolition Wastes.


o Waste oil: The waste oils and other wastes during maintenance of the process units, machinery and equipment, vehicles, etc. will be stored in 


contained tanks labeled with “waste oil” signs. These containers will not be mixed with water, benzene, fuel-oil, paint, detergent, solvent, and 


antifreeze or diesel fuel. The maintenance, fuel delivery and oil change of the machines and vehicles will be performed at the related unit or 


machinery park built on the construction site or at licensed/certified gas stations. Licensed entities will be contracted for collection, transportation 


and disposal.


o Recyclable wastes: The wastes which have salvage value, such as machinery or metal parts, plastics, etc will be sold to the related parties for 


recovery. 


o Waste batteries and accumulators : Licensed entities will be contracted for collection, transportation and disposal.


o Hazardous wastes: Hazardous wastes management will be conducted along with the requirements of the Regulation on Hazardous Waste 


Management. The wastes will be stored on a dedicated impermeable hazardous waste storage area which will be fenced, covered and labeled. 


Licensed entities will be contracted for collection, transportation and disposal. The wastes that can be incinerated will be transported to Petkim’s 


licensed waste incineration plant.


o Packaging waste: Will be transported to licensed entities to be recycled/recovered in accordance with the provisions of the Regulation on 


Packaging Waste Management.


o Used vegetable oil: Licensed entities will be contracted for collection, transportation and disposal.


o Medical wastes: Will be collected in special bags and containers. A local hospital will be contracted for collection, transportation and disposal.


• Concrete wastes and concrete wash out will be contained in plastic lined bunds, which are to be constructed before concrete pouring begins. 


All spills of concrete shall be picked up and disposed of prior to the end of each shift.


• Disposable cups shall not be used to the extent possible.


x x x
Adhere to requrments, waste management 


plan
Owner


Contract effective 


date


• Visual inspection and recording of waste storage and collection and 


the correct utilization of disposal areas.


• Monthly monitoring of generated waste oil amount and 


storage/disposal method


• Monthly monitoring of generated hazardous/contaminated waste 


amount and storage/disposal method


• Monthly monitoring of generated excavation waste amount and 


storage/disposal method


• Monthly monitoring of generated packaging waste amount and 


storage/disposal method


• Daily monitoring of domestic waste amount


• Daily monitoring of medical waste amount


Monthly/daily Owner Waste Disposal Records Owner


12 Welfare Facilities for Employees


12a Changing areas


12b Drinking water


12c Eating Areas x x


12d Toilets x


12e Washing Facilities (including showers)


Owner


Contractor


Audit / Inspection 


Reports
Owner


Workplace (Health, Safety and Welfare) Regulations under Labour Law
Implement and Adhere to requirements Owner


Contract effective 


date
HSES Audit


• Daily HSES Observations;


• Weekly HSES Inspections; and


• Annual HSES Audits (Corporate)


STAR ESIA Report Appendix 11 Page 8 STAR ESA-Final







STAR PROJECT


Action 


#
Issue Potential Controls & Mitigation Measures Site Prep EPC Operation Action Item


Person 


Responsible 


for Action


Action due date Monitoring Requirement Monitoring Frequency Monitoring Party Report Reports To


ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN 


ENVIRONMENTAL & SOCIAL ACTION PLAN ---COMMITMENTS REGISTER


STAR ESIA Report Appendix 11 Page 9 STAR ESA-Final








Page 1 of 98


STAR Refinery A.Ş.


STAR Refinery Project


DOCUMENT NUMBER:


000-A-OE-0090053


DOCUMENT TITLE:


Environmental and Social Monitoring Report
Periodical report No. 3


(Semester ending: June 2015)


0 31.08.2015 98 Issued for Internal Review Bahar
Güçlüsoy


HSE-S
Discipline


Heads


Koray
Koyuncu


REV DATE PAGES DESCRIPTION PRPD CHKD
OWNER CLIENT


APPROVED







STAR Refinery A.Ş.  HSE-S Management System
Aliağa, TÜRKIYE 30 June 2015
                                                                                                                            000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3– JUNE 2015)


Page 2 of 98


PURPOSE


The purpose of this monitoring report is to fulfill the obligation under the CTA Clause
16.15 requiring STAR to provide the Lenders with periodical information about
Environmental and Social Matters arising in relation to the Project Company (STAR)
and/or the STAR Refinery Project during financial half year ending in June 2015.


In particular it is required to provide information about the compliance with:


· Environmental and Social Standards


· Environmental and Social Laws


· Environmental and Social Action Plan


· Environmental and Social Monitoring Plans


This report is intended to be issued on a semi-annual basis during the construction phase
and on an annual basis during the operation phase of the Project.


APPLICATION


This document refers to the EPC and operation phase of the STAR Refinery Project (the
“Project”)


DEFINITIONS


PROJECT COMPANY: STAR Refinery A.Ş (“STAR”)


PMC CONTRACTOR: AMEC Foster Wheeler (“AMEC FW”)


EPC CONTRACTOR: Joint Venture between
TECNICAS REUNIDAS, SAIPEM,
GS E&C, ITOCHU (“JV”)


ENVIRONMENTAL CONSULTANT:  Golder Associates (“GA”)


LENDERS:


ECA Direct Lenders
· EXPORT DEVELOPMENT CANADA
· EXPORT-IMPORT BANK OF THE UNITED STATES
· JAPAN BANK FOR INTERNATIONAL COOPERATION


Commercial Lender
· T.GARANTİ BANKASI A.Ş.


CESCE Lenders
· Banco Popular Español, S.A.
· Banco Bilbao Vizcaya Argentaria S.A.
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· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.A.E.
· ING Bank, a Branch of ING-DiBa AG
· CaixaBank, S.A.
· Banco Santander, S.A.
· Société Générale


K-SURE Lenders
· BNP Paribas, Seoul Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank AG, Hong Kong Branch
· ING Bank, a Branch of ING-DiBa AG
· The Korea Development Bank
· KfW IPEX-Bank GmbH
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


NEXI Lenders
· BNP Paribas, Tokyo Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch
· Crédit Agricole Corporate and Investment Bank, Tokyo


Branch
· ING Bank N.V., Tokyo Branch


SACE Lenders
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.p.A
· Intesa Sanpaolo S.p.A., Dubai Branch
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


LENDERS’ ADVISOR: D’Appolonia (“DA”),
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ACRONYMS


AP Action Plan
Project STAR Refinery Project
BAP Biodiversity Action Plan
BAT Best Available Technology
EBRD European Bank for Reconstruction and Development
EHS Environmental, Health, and Safety
ERP Emergency Response Plan
ES Environmental and Social
ESAP Environmental and Social Action Plan
ESHS Environmental, Social, Health and Safety
ESIA Environmental and Social Impact Assessment
ESMP Environmental and Social Management Plan
ESMS Environmental and Social Management System
EU European Union
GHG Greenhouse Gas
GUIDELINES Company management plans, which are listed in the ESAP and to be


provided to Contractors to explain how they have to develop their
Management plans in line with the requirements


HS Health and Safety
IFC International Finance Corporation
OHS Occupational Health and Safety
PR Performance Requirement
PS Performance Standard
QRA Quantitative Risk Analysis
SEP Stakeholder Engagement Plan
SOCAR State Oil Company of Azerbaijan Republic
STAR SOCAR Turkey Aegean Refinery
WWTP Waste Water Treatment Plant
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1.0 INTRODUCTION


1.1 Context


STAR Rafineri A.S. (hereinafter referred to as “STAR”) is the developer, owner and
operator for a greenfield complex crude oil refinery (hereinafter referred to as the “STAR
Refinery”) in Izmir region within the framework of STAR Refinery Project (hereinafter
referred to as the “Project”).


STAR requested support from the Lenders for financing the Project and identified
potential environmental and social impacts of the initiative within scope of an
Environmental and Social Impact Assessment study (“ESIA”) which has been disclosed
to the Lenders.


The Lenders requested STAR to carry out several actions and to comply with dedicated
clauses in order to assure the financial closure of the Project. A dedicated Environmental
and Social Action Plan (ESAP) has been prepared by Lenders with the support of
D’Appolonia (DA, acting as Lenders’ Environmental & Social Consultant) to achieve full
compliance of the Project in accordance with the applicable requirements (Turkish
regulation and IFC ESHS policies and standards).


The Lenders requests have been summarized in a list of 26 items which contains
reporting Item ID, Item description and Lenders’ specific requests for each item. STAR
agreed with Lenders in provision of implementation deadlines and progress indicators for
each of the ESAP Items.


The ESAP Items are detailed in the following Table:


ESAP
Item Description


1 Supplements to the ESIA packages
2 Occupational Health and Safety analyses
3 Process safety
4 Quantitative Risk assessment (QRA)
5 Environmental and Social Management System
6 Stakeholder Engagement Plan
7 Emergency Response Plan
8 Employment policy and procedures
9 Occupational Health and Safety procedures
10 Supply Chain Management Plan
11 Resource Efficiency Management Plan
12 GHG Management Plan
13a Air emissions - Prevention and Control into the Refinery fences
13b Air Quality Monitoring program
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14 Sea water and monitoring groundwater plan
15 Waste water management
16 Soil and Contaminated land management
17a Noise Prevention and Control - Source emissions
17b Noise Prevention and Control
18 Fugitive Particulate Matter
19a Waste management
19b Hazardous materials management
20 Workers and Community Health management plans
21 Traffic management plan
22 Security Management plan
23 Biodiversity Action Plan
24 Terrestrial Flora and Fauna Management Plan
25 Invasive alien species prevention
26 Chance find procedure


Finally several Environmental and Social covenants to be fulfilled by the STAR Project
have been included in the Common Terms Agreement between STAR and the Lenders
referring to:


- Environmental and Social Incidents;


- Environmental and Social Monitoring Reports;


- Site Visits/Cooperation;


- Environmental and Social Laws /Environmental Licenses;


- Environmental Claims;


- Compliance;


- Environmental and Social Compliance.


1.2 Summary of previous monitoring reports


The relevant information regarding the previous six-month is included in the following
report:


- Environmental and Social Monitoring Report- Periodical report No. 2 -000-A-
OE-0090052 –Rev. 1 (Semester Ending: December 2014)
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1.3 Summary of the STAR REFINERY PROJECT progress


Site preparation activities at the refinery area have been performed since January 2012
and continued at Area-3 throughout the monitoring period. Main construction activities
was commenced at the Project site within January this year. Furthermore, piling activities
at Jetty -1 area was also initiated recently in June.


Construction of the first phase of Çayağzı camp facility installations for 2500 workers
was initiated in late 2014 and completed by mid-February 2015.


Site preparation and main construction works at the refinery area mainly consist of:


- Excavation  and Earth Filling Works


- Gabion Wall


- Soil Nailing Works


- Drainage Works


- Ground Improvement Works


- Concrete Works


- Steel Structure Erection


- Piling Works (Bored pile, driven pile)


- Foundation for Buildings


- Tank Foundation Works and Tank Erection


- Soil Nailing and Anchoring at Remedial Area


- Underground Piping


The following tables present the list of ongoing works according to their types and
completion ratios.
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Engineering 13,9 23,44 21,47 87,04 82,81


Procurement 39,4 28,68 20,55 35,07 26,70


Construction 46,7 13.05 4.85 22,92 14,49


OVERALL (EPC)  100.0 20.66 13.34 36,60 28,77


Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Preparation & General 20,17 35,77 16,56 84,09 64,38


Main Construction &
Pre-commissioning 78,83 7,41 1.906 7,56 1,91


Commissioning & Start-Up 1,00


OVERALL (Constr. + Pre-comm.
+ Commiss. & Start-Up) 100.0 13,06 4,84 22,92 14,49
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Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Prep. Novated 43,15 11,43 7,28 94,50 92,22


Remedial Works 37,21 48,58 23,68 69,69 43,23


Temporary Facilities 7,56 31,15 46,28 91,33 97,83


Site Prep. Extension 12,08 86,22 9,16 86,76 9,16


OVERALL (Construction
& Pre-comm.)  100.0 35,77 16,56 84,09 64,38
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CONSTRUCTION KEY QUANTITIES


Work Unit Total
Quantity


Monthly
Planned


Quantity to
Date


Monthly
Actual


Quantity to
Date


Monthly
Delta


Quantity


Cumulative
Planned


Quantity to
Date


Cumulative
Actual


Quantity to
Date


Cumulative
Delta


Quantity


Civil Works /Excavation &
backfill M3 1,321,147 110,652 59,486 -51,165 483,330 288,115 -195,215


Civil Works /Ground
improvement works M 125,908 11,436 7,703 -3,733 115,472 26,905 -88,567


Civil Works /Drainage M 77,712 7,469 -7,469 34,797 -34,797
Civil Works /Concrete cast
in situ  works M3 309,578 25,888 13,259 -12,629 111,891 54,933 -56,958


Civil Works
/Pref.reinf.concrete works M3 1,967 146 83 -63 739 174 -565


Civil Works /Concrete
paving and sidewalk M2 867,850


Civil Works /Fireproofing M2 221,975
Buildings / Str.Concr(Cast
in-situ Precast) M3 60,268 3,897 -3,897 16,137 -16,137


Buildings / Structural Steel
Works KG 3,129,533 116,560 -116,560 159,799 -159,799


Buildings /
ARCHITECTURAL
WORKS


M2 69,839


Buildings / HVAC
SYSTEM NR 39


Steel Structure KG 65,273,647 2,288,123 274,630 -2,013,493 3,931,832 274,630 -3,657,202
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CONSTRUCTION KEY QUANTITIES


Work Unit Total
Quantity


Monthly
Planned


Quantity to
Date


Monthly
Actual


Quantity to
Date


Monthly
Delta


Quantity


Cumulative
Planned


Quantity to
Date


Cumulative
Actual


Quantity to
Date


Cumulative
Delta


Quantity


Atmospheric tanks KG 31,166,323 4,625 -4,625 4,625 -4,625


Spheres KG 3,263,400
Marine Works Pile
driven/bored M 20,997 1,913 24 -1,888 2,588 24 -2,564


Marine Works Concrete
Deck jetty M3 32,215 1,453 -1,453 2,134 -2,134


Marine Works Reclamation M3 1,615,000 100,615 -100,615 376,380 -376,380


Marine Works Reclamation
Concrete works M3 56,800 3,043 -3,043 8,060 -8,060


Equipment Erection KG 74,145,874
Piping (fabrication,
erection) WDI 4,241,019 29,092 5,825 -23,267 39,036 6,053 -32,983


Painting M2 2,627,789 322 -322 322 -322


Insulation M2 312,742


Cable Works M 3,401,098 4 -4 4 -4


Instrument NR 36,552


Instrument cable M 3,536,430
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The actual status in relation to the operation of dumping sites is summarized in the following table:


STATUS OF DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume
(m3) Permit Status


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed


2 Areas 2 & 3 900.000 342.632 557.368 Yes


3 Güzelhisar D-1 1.104.731 1.104.731 0 Yes / Completed


4 Güzelhisar D-2 60.000 60.000 0 Yes / Completed


5 Industrial Zone 194.021 194.021 0 Yes / Completed


6 Caltılıdere 2.111.135 2.111.135 0 Yes / Completed


7 Dere Madencilik 4.000.000 877.124 3.122.876 Ongoing


8 Güzelhisar E 2.238.977 2.238.977 0 Yes / Completed


9 Çıtak-1 1.143.784 1.143.784 0 Yes / Completed


10 Çıtak-2 900.000 527.196 372.804 Ongoing


11 MKE 37.995 37.995 0 Yes


12 Terrace 13 1.300.000 1.139.027 160.973 Yes


13 Others 142.085 142.085 0 Yes


14 Old Forest  Area 1.000.000 876.245 123.755 Yes


Total (m3) 16.883.367 12.545.591 4.337.776
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Key Achievements of STAR Project for the first half of 2015 are given as below:


1. Electro Mechanical subcontracts awarded.


2. Demolishing of old Naphtha Tanks were completed.


3. Foundation works for Main Control Building, Main Substation, Fire


Brigade/Laboratory and administrative buildings started.


4. Delivery of the prefabricated steel structures on site and erection of


these at U100 started.


5. Piling works for soil strengthening were completed at U-100, U-190


and has been ongoing at WWTP.


6. Most of the concrete works for pipe rack foundations have started


and continuing.


7. Canteen and Çayağzı Camp facilities for workers were constructed


and have become operational.


8. Deliveries of first equipment to the site were initiated.


9. Access gate at terrace 13 were completed.


10. Underground piping installation has started and ongoing.


11. Offshore piling for jetties started at Jetty 1.


12. Agreement with the Contractor on 2nd page of Change Orders and


MAC has been reached.


13. 60% 3D review sessions were completed.


14. Project Risk assessment workshop was carried out and the Project


Risk Register were updated.
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2.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS


This section of the monitoring report presents the information that verifies compliance of the
Project with the applicable CTA Environmental and Social Covenants.


2.1 Environmental and Social Monitoring Report (CTA Clause 16.15)


This report represents the Environmental and Social Monitoring Report referred to in
CTA Clause 16.15 and it is issued on a six monthly basis. It presents a summary of the
Environmental and Social Monitoring activities carried out in the first half of financial
year 2015.


A. Monitoring methodology and information on compliance


STAR and the EPC Contractor have been developing a monitoring system for the
construction and operation phases of the Project to be implemented through
measurement activities and a comprehensive audit program.


Further to the aforementioned system, Environmental Impact Assessment (EIA)
monitoring activities are conducted in relation to the EIA consents of the Project.
These monitoring activities are performed according to Turkish Official Gaz. No.
27436, 18/12/2009 on quarterly or six monthly basis whichever applies and
reported with Monitoring and Control Forms as presented in Ek (Appendix)-4 of
the Regulation (hereafter referred as EIA Monitoring Reports). These monitoring
requirements are integrated into the STAR monitoring system.


EIA Monitoring Reports for the refinery have been recently prepared by the
licensed company PRD Consultancy and submitted to the MoEU at the end of
each monitoring period since November 2012. The reports provide details in
relation to site preparation of the Project. The EIA Monitoring Reports issued
within the current monitoring period are provided as Appendices 1,  2,  3 and 4
of this report.


B. Measures taken to remedy non-compliance


Within the reporting period, there had been no non-compliance that was
identified with corrective measures to remedy.


C. Governmental Consents and Governmental Entities


Governmental Consents in relation to the Environmental and Social Issues for the
Project are:


· EIA Consent for STAR Aegean Refinery Project – 08.12.2009
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· EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1
and 2)


· EIA Consent for jetty and filing project – 14.02.2014 (including Jetty No. 3
and 4). Though the consent for Jetty No. 4 has been granted, jetty No. 4 is
not to be built as per the latest design and capacity calculations.


· EIA Consent for Refinery revision and additional storage tank project –
18.07.2014. The content of this EIA Consent is in line with the latest version
of ESIA.


D. Health and Safety management


STAR is provided monthly HSE statistics by the EPC Contractor that
demonstrates performance of the ESHS Management System. The statistics also
contain information from the subcontractors.


Following cumulative figures have been recorded alone for STAR and the EPC
Contractor within first half of the year.


HSE STATISTICS FIRST HALF
(from January to June 2015)


STAR
Cumulative
First Half of


2015


EPC
Cumulative
First Half of


2015


# HSE Parameters


HSE01 N° of Employees 0 NA
HSE02 Man-hours Worked (A) 0 7.360.283
HSE03 Man-hours Without LTI 0 911.231


HSE04 Man-hours Without LTI (Project-from last
LTI**) 0 511.240


HSE05 N° of Fatal Incidents 1 1
HSE06 N° of Fatalities 0 1
HSE07 N° of Lost Time Injuries (LTIs) (B) 0 6
HSE08 N° of Lost Work Days 0 380
HSE09 N° of Restricted Work Day Case (RWDC) 241.227 11
HSE10 N° of Medical Treatment Case (MTC) 0 13
HSE11 N° of Property Damage Incidents 1 94
HSE12 N° of Road Traffic Accidents (RTA) 0 86
HSE13 N° of First Aid Case 0 29
HSE14 N° of Near Misses 0 93
HSE15 N° of Environmental Incidents 0 6
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E. Environmental and Social laws changes


The following ESHS regulation has been issued in the period of January - June
2015:


TITLE OFF. GAZ.,
DATE


Communique on Security Report to be Prepared in relation
to Major Industrial Accidents


29296, 24/01/2015


Communique on Revision of  Workplace Hazard
Classification in relation to Occupational Health and Safety
Communique on Continuous Monitoring System


292272, 19/02/2015


 29303, 22/03/2015


HSE STATISTICS FIRST HALF
(from January to June 2015)


STAR
Cumulative
First Half of


2015


EPC
Cumulative
First Half of


2015


HSE16 N° of Total Recordable Incidents ( C ) 2 31
HSE17 Total Number of Incidents 340
HSE18 Hazardous Waste (ton) 87.792 1,76
HSE19 Medical Waste (kg) 87.792 0
HSE20 Domestic Waste (ton) 153 202,687
HSE21 Iron and Steel Waste (ton) 4625,45
HSE22 Recyclable Waste (kg) 0 54638,2
HSE23 Excavation and Demolition Waste (Ton) 0 3,11
HSE24 KM Driven 0 6478609
HSE25 N° of HSE Inspections 0 920
HSE26 N° of Safety Observation Cards 0 325
HSE27 N° of Unsafe Conditions/Behaviors 0 4178


HSE28 Total number of Near misses/Unsafe
Conditions/Behaviors 27 4550


HSE29 N° of HSE Audits 0 20
HSE30 N° of Emergency Drills 0 25
HSE31 HSE Training Man-hours 13 45778,3


HSE32 HSE Training Man-hours per 200,000
man-hours 0 1.244


HSE33 Fatal Accident Rate (FAR) 0,027
HSE34 Lost Time Injury Frequency (LTIF) (D) 258 0,163
HSE35 Severity of Lost Work Day Cases 42 10,326
HSE36 Total Recordable Incident Rate (TRIR) ( E ) 638 0,842
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The above regulations will be taken into account and referred in the ESHS
Management System documents which are under development if any applicable.


F. Non-confidential Information provided to shareholders


Not applicable.


2.2 Environmental and Social Incidents (CTA Clause 16.14)


No environmental and social incidents reported in the first half of 2015.


2.3 Site Visits – Co-operation (CTA Clause 16.16)


No specific progress to report.


2.4 Compliance (CTA Clause 19.3(b))


An ESIA study and an ESAP have been prepared in terms of compliance with the
applicable national and international legislation and requirements.


The Project operates in accordance with the defined environmental and social
requirements.


2.5 Environmental and social compliance (CTA Clause 19.9)


Responsive actions have been taken under the Project in order to be in compliance with
the requirements listed under:


· Local Legislation mainly stipulated by the EIA Consents and license;


· National Environmental and Social regulation;


· International Requirements stipulated by the ESIA and the ESAP (i.e. with
IFC EHS Performance Standards and Guidelines);


The Project has been performing reporting and monitoring activities as per the EIA
consent as below;


· EIA Monitoring Report (App. 4/EK 4) has been prepared on a quarterly basis
since November 2012 and submitted to the Ministry of Environment and
Urbanization.
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3.0 ESAP WORK PROGRESS


The objectives of the present section are:


- To update Lenders on the status of STAR activities to achieve the goals and objectives set
out in the ESAP;


- To provide highlights of the work performed by STAR during the considered six month or
one year period, whichever is applicable;


- To recognize notable accomplishments of the ESAP milestones and /or point out possible
inconsistencies with the ESAP timing activities.


The part of documentation  including ESIA supplements, ESHS policies, ESMS Strategy, ESMPs
and procedures has been completed and already submitted to the Lender’s advisor in August 2014
and has been approved.


The implementation of Plans and Procedures has taken a start following document issuing.


The documentation that is required to be developed with a different schedule (e.g. prior to the
start of operations) will be developed and implemented within the deadlines indicated in the
ESAP.


The documentation that have been already issued and to be developed are detailed in the
following subsections, one for each item of the ESAP; deadlines for implementation are indicated
in brackets.
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3.1 Supplements to the
ESIA packages
(Item 1)


Documentation that are approved and issued within the end of
August 2014:


- Document presenting associated facilities and related ES
impacts


- Dumping site management and reinstatement plan
- Assessment of risks and impacts associated with primary supply


chains (see also Item 10)
- Supply chain management Plan (see also Item 10)
- Revised GHG emission report (see also Item 12)


The following Documentation has been issued in final version by
STAR as a result of the work of Golder/International SOS within
January 2015 December 2014:


- Public Health Impact Assessment HIA (see also Item 20):
- Scoping


The following documentation to be developed (deadline is indicated
in brackets):


- Public Health Impact Assessment HIA (see also Item 20)
- Baseline - [Mar. 2016]
- Impact assessment [Sep. 2017]


- Ambient Air Quality monitoring system progress indicators
(see item ID 13b) [prior to Start of Operations]


3.2 Occupational Health
and Safety analyses
(Item 2)


The documentation to be developed (deadline is indicated in
brackets):


- Job hazard analysis [July 2017]
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3.3 Process safety
(Item 3)


Qualitative HAZOP study has been concluded by a joint team EPC
Contractor STAR. The following documentation is currently (end
2014) being developed (ESAP estimated deadline is indicated in
brackets):


- Quantitative hazard operability (HAZOP) study [Nov. 2014]


STAR specialized subcontractor (Golder/DEKRA) that is
developing the Quantitative HAZOP; DEKRA has already joined
the STAR/EPC Contractor HAZOP team at the beginning of June
2014 during qualitative HAZOP study for coordination purposes.
The above document has been drafted and circulated to STAR in
July 2015.
The quantitative HAZOP is being built on the outcomes of the
qualitative HAZOP developed by a joint team EPC Contractor /
STAR. Documentation of the concluded qualitative HAZOP
study has been made available to Golder/DEKRA by November
21st. This resulted in a 3 months delay with respect to the ESAP
estimated deadline. Golder submitted first draft of Quantitative
HAZOP Report in June. Additional 11 scenarios have been also
studied as required by STAR. Due to non-completion of  vendor
packages from EPC Contractor by the time of draft submission,
delays in completion of the study have occurred.


3.4 QRA (Item 4) The documentation to be developed (deadline is indicated in
brackets):


- Hazard QRA study [Apr. 2016]
- Oil spill dispersion modeling study [Apr. 2016]
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3.5 Environmental and
Social Management
System (Item 5)


Documentation that is approved and issued within the end of
August 2014:


- ESMS Manual according to ISO14001 and OHSAS 18001
- ESMS policies
- the ESMPs (further described in following sections)
- other procedures such as Training/Awareness and Audit/Non-


conformities,
that contains and constitutes:
- the development strategy for ESMS preparation including


submission of an organogram related to STAR and
contractor organization


- the STAR ESMS – EPC phase
- Guidelines for defining an ESMS appropriate to the nature


and scale of the Project –EPC phase


Other documentation to be developed (deadline is indicated in
brackets):


- Yearly external report on EPC phase [from Jun. 2016]
- Guidelines for defining an ESMS appropriate to the nature and


scale of the Project -Operation phase [Oct. 2017]
- STAR ESMS - Operation phase [Jul. 2017]
- Yearly external report [from Jun. 2019]


3.6 Stakeholder
Engagement Plan
(Item 6)


Documentation that is  approved and issued within the end of
August 2014:


- Grievance mechanism
- Revised version of the SEP for the construction phase


Other documentation to be developed (deadline is indicated in
brackets):


- Updated SEP for operation phase [Jul. 2017]
- Submission of records of consultation activities and grievances


[on Lenders request from now]
- Preparation and distribution of communication material for


feedback to affected communities [quarterly for Constr.]
- Preparation and distribution of communication material for


feedback to affected communities [annually for Operation]
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3.7 Emergency Response
Plan (Item 7)


The documentation to be developed (deadline is indicated in
brackets):


- Emergency Response Plan [Jul. 2017]


3.8 Labour and Working
conditions plans and
procedures (Item 8)


Documentation that is  approved and issued within the end of
August 2014:


- Employment plan - Construction phase including Guidelines for
EPC Contractors


- Local workforce recruitment plan


Other documentation to be developed (deadline is indicated in
brackets):


- Employment plan - Operation phase [Oct. 2016]


3.9 Occupational Health
and Safety procedures
(Item 9)


Documentation that is  approved and issued within the end of
August 2014:


- OHS Plan, including Guidelines for EPC Contractors for
developing OHS Procedures able to implement the requirements
of IFC EHS Guidelines. EPC contractor has already developed
OHS procedures that were submitted to STAR


- Risk assessment procedure
- Job Hazard Analysis procedure


Other documentation to be developed (deadline is indicated in
brackets):


- OHS procedures - Operation phase [Jan. 2017]


3.10 Supply Chain
Management Plan
(Item 10)


Documentation that is  approved and issued within the end of
August 2014:


- Primary Supply Chain Management Plan, including Guidelines
for EPC Contractor
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3.11 Resource Efficiency
Management Plan
(Item 11)


Documentation that is  approved and issued within the end of
August 2014:


- Resource efficiency management plan - construction phase
including Guidelines to the EPC contractors


The following documentation is currently (end of 2014) being
developed (ESAP estimated deadline is indicated in brackets):


- IPPC/BREF compliance deviation report [Dec. 2014]


The new “BREF on the refining of mineral oil and gas” has been
made available (see http://eippcb.jrc.ec.europa.eu/reference/). The
EU Commission Decision 2014/738/EU “BATC on the refining of
mineral oil and gas (BAT “BREF”) has been published on October
28th 2014.
STAR/Golder has sent on November 24th 2014 a thorough request
of technical information to the EPC Contractor. This information
has been integrated into the BAT Deviation Report and submitted
for STAR’s review in June 2015 by Golder.  STAR has been
reviewing the report with the all involved discipline representatives
and aim to finalize for submission within this year.


Other documentation to be developed (deadline is indicated in
brackets):


- Resource efficiency management plan - operation phase [Jul.
2017]


3.12 GHG Management
Plan (Item 12)


The documentation to be developed (deadline is indicated in
brackets):


- GHG management Plan [Jul. 2017]
- Annual reports on GHG emissions [starting from Mar. 2019]







STAR Refinery A.Ş. HSE-S Management System
Aliağa, TÜRKIYE   Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 –
JUNE 2015)


Page 27 of 98


3.13 Air emissions -
Prevention and Control
into the Refinery
fences (Item 13a)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Air Emission Monitoring Plans [Jul. 2017]


3.14 Air emissions - Air
Quality Monitoring
program (Item 13b)


Documentation that is approved and issued within the end of
December 2014:


- Ambient Air Quality Monitoring Plan[Jun. 2014 - May 2015]


The plan implementation will start in the first half of 2015.


The documentation to be developed (deadline is indicated in
brackets):


- Results of the Ambient Air Quality Monitoring campaigns
[Jul. 2015]


- Design of the permanent monitoring system and preparation of
procurement strategy [Sep. 2015]


- Procurement and installation of the permanent monitoring
system – progress of activities report [Oct. 2015 - Jun. 2016]


- Annual air quality monitoring report [from Jan. 2017]
3.15 Sea water and


monitoring
groundwater plan
(Item 14)


Documentation that is  approved and issued within the end of
August 2014:


- Sea Water Quality Monitoring Plan
- Groundwater Quality Monitoring Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Quarterly monitoring reports for Seawater [Mar. 2015]
- Quarterly monitoring reports for Groundwater [Mar. 2017]
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3.16 Waste water
management
(Item 15)


Documentation that is  approved and issued within the end of
August 2014:


- Wastewater management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Wastewater management plan - operation phase [Jul. 2017]


3.17 Soil and
Contaminated land
management (Item
16)


Documentation that is  approved and issued within the end of
August 2014:


- Soil management and reinstatement plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Soil management and reinstatement plan- operation phase
[Feb. 2017]


- Soil quality monitoring program [Mar. 2017]


3.18 Noise Prevention
and Control - Source
emissions (Item 17a)


Documentation that is  approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise prevention and management plan - operation phase
[Jun. 2017]
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3.19 Noise Prevention
and Control –
Immission into the
environment
(Item 17b)


Documentation that is approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise Monitoring Reports- Construction phase[from Mar. 2015]
- Noise Monitoring Plan - Operation phase [Jul. 2017]
- Noise Monitoring Reports- Operation phase [from Apr. 2018]


3.20 Fugitive Particulate
Matter (Item 18)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


3.21 Waste management
plan (Item 19a)


Documentation that is  approved and issued within the end of
August 2014:


- Waste management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Waste management plan - operation phase [Apr. 2017]
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3.22 Hazardous materials
management plan
(Item 19b)


Documentation that is  approved and issued within the end of
August 2014:


- Hazardous materials management plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Hazardous materials management plan - operation phase
[Sep. 2017]


3.23 Workers and
Community Health
management plans
(Item 20)


Documentation that is  approved and issued within the end of
August 2014:


- Communicable diseases Baseline Study
- Communicable diseases Workers Health Management Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Community Health Management Plan [Jul. 2017]
- Workers Health Management Plan [Jul. 2017]


3.24 Traffic management
plan (Item 21)


Documentation that is approved and issued within the end of
August 2014:


- Traffic Management Plan


3.25  Security
Management plan
(Item 22)


Documentation that is  approved and issued within the end of
August 2014:


- Security management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Security management plan - operation phase [Jul. 2017]
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3.26 Biodiversity Action
Plan (Item 23)


Documentation that is  approved and issued within the end of
August 2014


- Marine biodiversity management plan, including monitoring
measures and considering the construction of Jetty 1,2 and 3


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures


3.27 Terrestrial Flora and
Fauna Management
Plan (Item 24)


Documentation that is  approved and issued within the end of
August 2014:


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures and including information obtained from
terrestrial filed survey conducted in May 2014 by Golder with
particular reference to Dumping Sites locations


3.28 Invasive alien
species prevention
(Item 25)


Documentation that is  approved and issued within the end of
August 2014:


- Invasive Alien Species Management Plan Management Plan,
including monitoring measures


3.29 Chance find
procedure (Item 26)


Documentation that is  approved and issued within the end of
August 2014:


- Chance find procedure
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3.30 ESAP work progress summary table


ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


1


Supplements to the ESIA packages:
- Associated facilities


description, risks/impacts
- supply chain risks/impacts
- GHG emission report
- public health impact


assessment
A systematic air quality monitoring
campaign (see item ID 13b for
detail)


1. Document presenting associated facilities and related
ES impacts


2. Dumping site management and reinstatement plan


3. Assessment of risks and impacts associated with
primary supply chains (see also item ID 10)


4. See item ID 10 for detail


5. Revised GHG emission report (see also item ID 12)


6. Public Health Impact Assessment: Scoping, Baseline
and Impact assessment (see also item ID 20)


7. Ambient Air Quality monitoring system progress
indicators (see item ID 13b)


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of construction (see item ID 10 for
detail)


5. Prior to the start of construction (Jun-2014)


6. Prior to the start of operations (scoping 01/2015;
beginning of the study if authorized 07/2015;
baseline 03/2016; impact assessment 09/2017)


7. Prior to the start of operations (see item ID 13b)


Points 1, 2, 3, 4, 5:
Completed
Point 6:
- HIA Scoping:  90%
- Baseline: 0%
- HIA 0%


Point 7: (see item ID
13b)


-


2 Occupational Health and Safety
analyses


Job hazard analysis (JHA) for each position aimed at
drafting OHS procedures


Prior to the start of operations (07/2017) Not started -


3 Process safety


Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014) Qualitative HAZOP:
Completed
Qualitative HAZOP: 50
%


3


4 QRA


1. Hazard QRA study


2. Oil spill dispersion modelling study


1. Prior to the start of operations (04/2016)


2. Prior to the start of operations (04/2016)


Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


5 Environmental and Social
Management System


1. Development strategy for ESMS preparation including
submission of an organogram related to STAR and
contractor organization


2. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –EPC phase


3. STAR ESMS, – EPC phase


4. Yearly external report


5. Guidelines for defining an ESMS appropriate to the
nature and scale of the Project –Operation phase


6. STAR ESMS– Operation phase


7. Yearly external report


1. Prior to the start of construction (mid-May 2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Yearly from 06/2016 referring to 2015


5. Prior to the start of operations (10/2017)


6. Prior to the start of operations (07/2017)


7. Yearly from 06/2019 referring to 2018


Points 1, 2: Completed
Point 3: Completed
Points 4, 5, 6, 7: Not
started


-


6 Stakeholder Engagement Plan


1. Submission of grievance mechanism


2. Submission of revised version of the SEP for the
construction phase, including the grievance
mechanism


3. Updated SEP for operation phase


4. Submission of records of consultation activities and
grievances


5. Preparation and distribution of communication
material for feedback to affected communities


1. Prior to construction (mid-May 2014)


2. Prior to start of the construction (Jun-2014)


3. Prior to operation (07/2017)


4. on Lenders request from now


5. Quarterly during construction (starting from revision
of the SEP); annually during operation


Point 1: Completed
Points 2, 4: Completed
Points 3, 5: Not started


-


7 Emergency Response Plan Emergency Response Plan Prior to the start of operations (07/2017) Not started -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


8 Employment policy and procedures


1. Guidelines for EPC Contractors – Construction phase


2. Local workforce recruitment plan


3. Employment plan – Construction phase


4. Employment plan – Operation phase


1. Prior to the start of constructions (mid-May 2014)


2. Prior to the start of constructions (Jun-2014)


3. Prior to the start of constructions (Jun-2014)


4. Prior to the start of operations (10/2016)


Points 1, 2, 3:
Completed
Point 4: Not started


-


9 Occupational Health and Safety
procedures


1. OHS procedures- construction phase


2. OHS procedures – operation phase


See AP Item ID n° 2 for the JHA analysis


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operations (01/2017)


Point 1: Completed
Point 2: Not started


-


10 Supply Chain Management Plan Supply Chain Management Plan Prior to the start of construction (Jun-2014) Completed -


11 Resource Efficiency Management
Plan


1. Guidelines to the EPC contractors


2. IPPC/BREF compliance deviation report


3. Resource efficiency management plan – construction
phase


4. Resource efficiency management plan – Op. phase


1. Prior to the start of construction (mid-May 2014)


2. (12/2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of operations (07/2017)


Points 1, 3: Completed
Point 2: 40%
Point 4: Not started


-
-
2
-


12 GHG Management Plan


1. GHG management Plan


2. Annual reports on GHG emissions


1. Prior to the start of operations (07/2017)


2. Annually from the start of operation (first report at
Q1 2019 referring to 2018)


Not started -


13a Air emissions - Prevention and
Control into the Refinery fences


1. Guidelines to the EPC contractors


2. Air Emission Monitoring Plans


1. During design (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


13b Air emissions - Air Quality
Monitoring program


a) Ambient Air Quality Monitoring Plans


b) Results of the Ambient Air Quality Monitoring
campaigns


c) Design of the permanent monitoring system and
preparation of procurement strategy


d) Procurement and installation of the permanent
monitoring system – progress of activities report


e) Annual air quality monitoring report


a) Jun-2014 – 05/2015


b) 07/2015


c) 09/2015


d) 10/2015 - 06/2016


e) Yearly from 01/2017


Point 3a):  completed
Points 3b), 3c), 3d), 3e):
Not started


-


14 Sea water and monitoring
groundwater plan


1. Sea Water Quality Monitoring Plan


2. Groundwater Quality Monitoring Plan


3. Quarterly monitoring reports


1. Prior to the start of jetties construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Quarterly from 03/2015 (for sea water) and
Quarterly from 03/2017 (for groundwater)


Points 1, 2: Completed
Point 3: Not started


-


15 Waste water management


1. Guidelines to the EPC contractors


2. Wastewater management plan – Construction phase


3. Wastewater management plan – Operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (07/2017)


Points 1, 2: Completed
Point 3: Not started


-


16 Soil and Contaminated land
management


1. Guidelines to the EPC contractors


2. Soil management plan- Construction phase


3. Soil management and reinstatement plan – Op. phase


4. Soil quality monitoring program


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (02/2017)


4. Prior to the start of operation (03/2017)


Points 1, 2: Completed
Points 3, 4: Not started


-
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


17a Noise Prevention and Control -
Source emissions


1. Noise Prevention and Management Plan –
Construction phase


2. Noise Prevention and Management Plan – Operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operation (06/2017)


Point 1: Completed
Point 2: Not started


-


17b Noise Prevention and Control –
Emission


1. Noise Monitoring Plan – Construction phase


2. Noise Monitoring Reports- Construction phase


3. Noise Monitoring Plan – Operation phase


4. Noise Monitoring Reports- Operation phase


1. Prior to the start of construction (Jun-2014)


2. Every two years from 03/2015


3. Prior to the start of operation (07/2017)


4. Every two years from 04/2018


Point 1: Completed
Points 2, 3, 4: Not
started


-


18 Fugitive Particulate Matter


1. Guidelines to the EPC contractors


2. Dust and Other Emissions Prevention and
Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Points 1, 2: Completed -


19a Waste management


1. Guidelines to the EPC contractors


2. Waste management plan – construction phase


3. Waste management plan – operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (04/2017)


Points 1, 2: Completed
Point 3: Not started


-


19b Plans to manage hazardous
materials


1. Guidelines to the EPC Contractors


2. Hazardous materials management plan - construction
phase


3. Hazardous materials management plan - operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (09/2017)


Points 1, 2:Completed
Point 3: Not started


-


20 Workers and Community Health
management plans


1. Preliminary baseline of transmittable diseases (1)
Workers Health Management Plan for Construction (1)


2. Community Health Management Plan (2)


Workers Health Management Plan (2)


1. Prior to start of the construction (Jun-2014)


2. Prior to start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Completed -
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ESAP
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT


COMPLETED (**)
DELAY
(months)


22 Security Management plan


1. Security Management Plan – Construction phase


2. Security Management Plan – Operation phase


1. Prior to the start of the construction (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed
Point 2: Not started


-


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Completed -


24 Terrestrial Flora and Fauna
Management Plan


1. Report on the terrestrial field surveys


2. Terrestrial Flora and Fauna Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Completed -


25 Invasive alien species prevention Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-2014) Completed -


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014) Completed -
 (*) Date defined for issuing the first revision of the plan/procedure/report expected
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4.0 COMPLIANCE WITH ESMPS


The objectives of the present section are:


- To update Lenders on the status of activities to achieve the implementation
of the ESMPs;


- To provide highlights of the work performed during the considered six month
whichever is applicable;


- To recognize notable accomplishments in implementation of plans and /or to
point out possible inconsistencies with the ESMPs and timing of activities.


The implementation of Plans and Procedures have started following their
issuance in August 2014 for those applicable documents which are associated
with ongoing site-preparation and construction activities of the project. The Plans
and Procedures to be implemented are detailed in the following subsections, one
for each Plan/Procedure is required by the ESAP; ID for each relevant ESAP
Item is indicated with brackets in the subtitle.


In order to ensure diligent implementation of the ESAP throughout the project
and establishment of ESMS, following organizational charts with dedicated HSE
responsibilities have been adopted by STAR and the Contractor management
respectively.


STAR has reformed its HSE organization in May 2015. The new organization
introduces four disciplines consisting of Construction HSE, Environment,
Process Safety and Community Relations (& Corporate Communication). The
new structure aims at ensuring specialization of the teams on selected focus areas
and assigns short and mid-term objectives to each discipline head per
construction and operation phases. Mr.Koray Koyuncu who has been working as
Corporate HSE Director of SOCAR Company since April was also designated as
STAR HSE Director following resignation of the previous STAR HSE Director
Mr.Barış Yüce  as  of  15th of May. The new director becomes present both in
Aliağa and İstanbul offices of STAR throughout week to ensure close follow up
of STAR HSE agenda and integration of HSE policies and HSE teams of STAR
with HSE teams from other companies of SOCAR including PETKİM and
PETLİM. Ms.Bahar Güçlüsoy was assigned as Environmental Manager of the
project who will pursue with managing environment portfolio of the project both
for construction and engineering design phases. One of the HSE technicians
Mr.Tarık Tuncay has been dedicatedly working in the field of environment and
reporting to the Environmental Manager since June. Furthermore, a new position
for Environmental Coordinator has been opened for recruitment by the last
quarter of 2015. Ms.Işıl Depe has been designated with a dedicated role as
Process Safety Engineer and responsible in design phase activities from the
safety perspective since June. A few Construction HSE Engineer positions for
various fields of safety have been also planned to be filled in a year time.
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STAR HSE-S
       Organization Chart
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Contractor’s HSE team has been re-organized and enlarged since February.  A
new HSE director Mr.Ian Patterson was assigned and mobilized on site in April
together with a HSE training coordinator Mr.Acar Aziz Vural. A dedicated
environment team was established where a field environmental coordinator
together with a deputy coordinator also started working in March. Two
environmental supervisors became part of the team in the following months, who
has been mostly engaged with field inspections and implementations. An
environmental officer was also assigned recently who is responsible for
compilation and management of environmental and ESIA specific data, statistics
and documentation of the project. Recruitment of one more environmental
supervisor who will be solely in charge of waste management activities has been
planned for September this year.


In terms of addressing community relations requirements of the Project, a CRO
was also designated in March under the Contractor’s team. Two CRO assistants
were recently recruited and started working under the CRO’s team.
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Contractor’s HSE Organization Chart
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Environmental Organization
Chart by Contractor


Social Organization Chart by
Contractor
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4.1 Dumping site
management
and
reinstatement
plan (Item 1)


Issued in August 2014.


Following dumping activities and responsive measures were applied within
the monitoring period:


§ Materials removed from Area-3 of the Project Site have been
stored in a new dumping area located at Petkim Forest land (the
section which previously had a forest fire) is adjacent to the site
on the north and hence, has direct accessibility through an
internal road. In comparison with alternative dumping sites
outside of Aliağa peninsula,  the selected location enables
diligent management in particular by avoiding potential dust and
noise exposure as well as traffic load and disturbance to public
and external environmental receptors.  In total, 876,245 m3


materials were dumped in the area until the end of June.


§ 2 mobile moisturizing trucks have been dedicatedly serving on
daily basis to control dust that rises due to material transportation
activities alongside the dumping site access road.


§ Speed limit has been applied by Contractor to reduce both noise
and dust which was monitored by GPS system installed on entire
trucks. A flagman has been in charge of ensuring traffic
management and safety in particular during truck maneuvers at
hill sides.


§ Maintenance of the trucks serving for transportation of dumping
materials have continued at third party workshops located outside
of the Project site as a precautionary approach  to avoid  spillage,
contaminations at uncontrolled areas.


§ The previously removed top soil from the project site was
continued to be stored in-situ for prospective reinstatement
activities and maintained properly in a uniformed way while kept
separate from other materials and away from ongoing operations
to avoid any disturbance.


§ A laydown area at Terrace-13 was re-arranged where the sub-soil
dumped in the earlier periods was lowered and contoured
according to the adjacent topography.


Reinstatement Activities


§ Reinstatement activities in Güzelhisar E2 could not be initiated
due to delays in mobilization of Sub-Contractor Yenigün’s team
during the convenient season. However, initiation of activities
has been scheduled for late September this year.
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4.2 Training
Procedure
(Item 5)


Activities by STAR


Awareness raisings, trainings completed in the field of ESIA within the
monitoring period by STAR are as follows:


As per the requirements for legal OHS compliance and professional
developments amongst employees, the following trainings were provided
until today under coordination of STAR Human Resources Training
Division.


Training / Employee
Category Training Hours


Total
Training


Hours
White Collar Blue Collar Total


HSE Development 632 800 1432
Professional
Development 580 184 764


Orientation 119 120 239
Technical Development 454 1010 1464
Grand Total 3899


Activity
Type


Topic Date /
Duration


Presenter/
Trainer


Participants
Profile /
Number


Awareness
Raising and
Coordination


Environmental
and Social
Management
System for
Employees


12.01.2015/
1 hour


STAR Eng.
HSE Team


Construction
managers of
STAR /
12


Awareness
Raising


ESMS and
ESAP for top
managers


15.01.2015 /
2 hours


Golder
Associates


STAR top
level
management /
18


Awareness
Raising


Introduction to
ESIA


2 hours Environmental
Lead Engineer


Construction
HSE team/
16


Theoretical
and Hands-on
Training


Observation
Techniques of
Mega Marine
Fauna
including
Cetaceans


2 hours 3 Experts from
Dokuz Eylül
University
The Institute
of Marine
Sciences and
Technology


HSE
Representative
s of Contractor
and Sub-
Contractors
and STAR
HSE
technicians/
20
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Training
Procedure
(Item 5)


Activities by Contractor


§ Sub-Contractor Bir İzmir which is a specialized 3rd party service
provider on OHS became operational as of 1st of  May  with  full
dedication on HSE training services. A training hall having two
training rooms with capacities for 88 attendees for each have
been serving for the primary training needs of the Project, which
are fully equipped with projector, speakers and visualization
equipment.  A demonstrative platform for scaffolding training has
been also available for the mentioned trainings at a location
across the training hall. The training packages and schedules
were determined in consultation with STAR HSE and
periodically being reviewed for potential improvements.


Photos: Views from the Demonstrative Scaffolding Platform and
the Training Room
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Training
Procedure
(Item 5)


§ Each employee receives HSE induction prior to start of their work
on site and are being provided with a Safety Passport where all
training records updated on log book sections of those.


§ Workers receiving thematic trainings (e.g. First Aid, Confined
Space) have been also provided associated stickers for their safety
helmets to demonstrate their qualifications on site where these
trainings are pre-conditional at certain working areas.


 Figure. Thematic Stickers for Safety Helmets


§ The trainings delivered by TSGI MI with support of Bir İzmir
Company between 6th of May and the end of June are as follows:


Table: Training Statistics (May and June)


 Topic Training
Hours


Number of
Attendees Total  Training Hours


 HSE Site Induction 2 2594  5188
 Banksman 2 29 58
 Confined Space 2 10 20
 First Aid 16 14 224


 Marine Works 2 27 54


 PTW + JSA 2 160 320


 Safe Driving 2 178 356


 Safety for SV 2 25 50
 Spill Prevention 2 66 132
 Work at Height 2 43 86







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 47 of 98


Training
Procedure
(Item 5)


§ Brief site inductions are also provided to each visitor accessing to the
project site.   Site Induction & Instructions Card is also provided for
each visitor.


Figure. Site Induction Card


Planned Activities


§ HSE Induction and safe driving trainings both at morning and
afternoons will continue to be delivered on daily basis throughout
the weekdays.


§ The following training modules were scheduled to be delivered
for the second half of 2015:


- Marine Works


- Work at Height


- Waste Management and Spill Prevention


- Permit to Work (JSA)


- Gas Safety Awareness


- Confined Space


- Legal Compliance on OHS
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4.3 Stakeholder
Engagement
Plan (Item 6)


The update of the SEP was finalized by the end of August 2014.


Community Relations Management System by STAR


§ STAR has appointed Ms.Nilgül Poyraz as Corporate
Communications Supervisor (CCS) who was mobilized on site in
April 2015. She is responsible for overall implementation of
social management activities of the Project and reports to STAR
HSE Director. She plays an interface role between STAR,
Contractor and the Local Community and furthermore,
responsible for corporate communications of STAR A.Ş.


Community Relations Management System by Contractor


§ Contractor has also established a Community Relations Team for
managing social issues and assisting with stakeholder
engagement activities under the supervision of STAR’s CCS. The
team consists of the following members:
- Local Community Representative (LCR)- Gülveren Akış
- LCR Assistant Gizem Gökçen
- LCR Assistant İlkan Taat Yaşar


Communications


§ STAR and Contractor’s Community Relations team has been
organizing bi-weekly meetings on Fridays since May 2015 to
discuss socials issues of the Project as well as to overview
grievances that were received both from stakeholders and
workers. The teams also views and plans future stakeholder
activities in accordance with the current dynamics and identified
priorities of the Project.


Stakeholder Engagements


§ As part of the Stakeholder Engagement Plan of the Project,
several activities were performed within the monitoring period.


§ A public meeting was organized by STAR where STAR CEO
delivered a speech and shared updates on the project with local
communities on 22nd of January this year.


§ As part of focus group activities, Aliağa Fisherman Cooperative
was  visited  by  STAR  CCS,  Environmental  Manager  and
Construction Manager who is in charge of Marine Construction
Works. The team shared information on planned activities and
robust mitigation and monitoring tools in relation to turbidity
management and other critical aspects.
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Stakeholder
Engagement
Plan (Item 6) Activity


Type
Date Place Subject


Public
Meeting


22/01/2015 Petkim Culture
Center Conference
Hall, Aliağa


Stakeholder Consultation &
Feedback Meeting
(Interim): STAR Refinery
Project ESIA Presentation
and Update on the Ongoing
Activities (Please refer to
associated Stakeholder
Engagement(SE) Form(SE-
004 in Appendix-6).


Focus
Group
Meeting


23/06/2015 Aliağa Fisherman
Cooperative


Providing Information on
Potential Impacts and
Responsive Measures in
Relation to the Marine
Works Prior to Start of
Activities (See SE Form
0005 in Appendix-7)


Focus
Group
Meetings to
Villages


Between
April and
July


§ 4 visits to
Güzelhisar
village
§ 3 visits to Çıtak


and Samurlu
villages
§ 2 visits to


Uzunhasanlar
and Karakuzu
villages
§ 2 visits to


Karaköy village


General consultation and
seeking candidates for
recruitment opportunities


Internal
Face to
Face
Meetings
with Sub-
Contractors


Between
April and
July


§ Offices of Sub-
Contractors
Gemsan, Lotus,
Doğuş Es, ES
Group,Yenigün


Introduction of Community
Relations Team and
Consultation on Social and
Workers Welfare Issues in
General


Phone calls Between
April and
July


N/A General exchange of
information and
consultation with various
stakeholders
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Stakeholder
Engagement
Plan (Item 6)


§ The following chart presents population figures per villages
in Aliağa. Güzelhisar, Çıtak, Samurlu,Uzunhasanlar,
Karakuzu, Karaköy villages are those impacted or subject to
interactions of the project and marked with red in the chart.


§ Grievance Management: STAR continued recording grievances
that were received from internal and external Project stakeholders
via different communication channels (i.e. a dedicated mobile line
presented at the back of all trucks, Grievance Forms placed at Project
Site for workers, e-mail) and during community engagement activities.
Until the end of current monitoring period, 167 grievances were
received (the total number of grievances recorded as of the
submittal date of this report is 177, 4 of which are pending for
close-out). Those were communicated to STAR and Contractor’s
management teams as applicable. The Grievance log was
reviewed and status of grievances was continuously monitored by
STAR CRO against close out of the raised issues.


§ Following communication of the grievance by STAR, Contractor
provides descriptive information on their responsive action.
STAR evaluates responsive action accordingly and closes the
item if considered satisfactory or requires further
actions/measures when deemed necessary.


§ The majority of external grievances which were all related with
the truck traffic in Aliağa centrum and on village roads during the
land preparation phase of the Project peaked between 2012 and
2014. The major external grievance subjects then have been;
1. Non-conformance to speed limits and traffic rules
2. Dust and noise
3. Damage to infrastructure (roads, electricity lines, water


drainage channel, etc.)
4. Damage to private property (windscreen, mirror, etc. of other


vehicles; fences)
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Stakeholder
Engagement
Plan (Item 6)


§ 46 new grievances were received within the current monitoring
period, 2 out of the entire are pending for close-out. The
grievance record details include information on grievant, contact
number, location of grievance, description and date in a standard
format. STAR communicates all relevant issues immediately to
the HSE team and all relevant departments of Contractor in
accordance with the grievance type. Most of the recorded
grievances have been associated with dust, noise, unsafe driving
and road conditions in general.


§ The chart below demonstrates the numerical distribution of all
registered complaints by subject and/or related discipline:


§ Among all complaints registered within the monitoring period,
only one was received from a representative of a Project-affected
settlement, the muhtar (headman) of Samurlu village, who has
claimed damage to olive trees of a group of villagers due to dust
generated by truck traffic on the village road in 2014. As it has
been determined to be related with PETLİM activities, the claim
was transmitted to PETLİM Management for further
investigation.


The following meeting is planned for the last quarter of 2015:
Activity
Type


Date Place Subject


Public
Meeting


December
2015


To be
determi
ned


Stakeholder Consultation
& Feedback Meeting
(Interim): STAR Refinery
Project ESIA
Presentation and Update
on the Ongoing Activities


21


10


11


2 1
Human Resources


Subcontractor
Administration


General Services


Health and Safety


Damage to
Community Livelihood
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4.4 Emergency
Response
Plan (Item 7)


This Plan is due prior to the start of operations [Jul. 2017].


In response to the action item ESMS 1.4 described by the LESC in their
latest Post-Site Visit Report; preparation of a Common Emergency
Response Plan (ERP) bridging key elements and documentation of
PETKİM and STAR for diligent coordination of emergency cases has been
planned. The preparation work will commence in September which will be
facilitated by a competent expert who will collect the required data,
information and guide the process with an aim of finalizing the work in
December 2015.
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4.5 Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


This Management Plan is issued in August 2014.


Local Workforce Recruitment


Implementations by STAR and Contractor (Jointly):


§ Both STAR and Contractor continued to prioritize employment
of local people through a solid cooperation with Aliağa
Municipality. Job applications received by the Municipality were
accordingly transferred to STAR and Contractor’s CV database.
The designated representative from municipality ensures
archiving of the transferred CVs in Contractor’s database and
promotes recruitment of these candidates for relevant positions
by working at Contractor’s Human Resources office.


Figure. Number of Collected CVs from Aliağa Municipality


Collected CVs between March-June were categorized and
distributed to the relevant departments. Those categories included
the followings:
- Finance-Business
- Chemistry
- Mechanical/Construction/Electricity/Engineering/Architect
- Environmental/QAQC/Geology/Metallurgy/Mining


Engineer
- Computer Science
- Administrative Affairs
- HSE
- Kitchen Staff
- Security Guard
- Secretary
- Crane Operators/Drivers
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Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


- Technicians
- Unskilled Worker
- Other


In majority, applications for security guard position prevail with a
number of 106, followed by categories of finance-business and
mechanical-construction-electricity-engineering-architect
respectively. Overall, applications of number of skilled candidates
has a ratio of 90% while the entire falls under unskilled category,
demonstrating that most candidates from the region have certified
skills or graduates from technical high schools.


§ Contractor categorizes local employment according to the map
provided below with color coding and receives monthly
employment reports from each Sub-Contractor.


§ Within the reported period between March and August,  23 people
has been recruited from Aliağa district out of 428 applications. Out
of 23 recruited, 22 people fall under unskilled category.


§ Contractor continued with announcing job announcements on one
of the most widely used career web page in Turkey, i.e. Kariyer
Net. The company information and job announcements are
provided through the dedicated link for Contractor as given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-
c53959-p38823/?a=2
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Local
Workforce
Recruitment
and
Employment
Plans
(Item 8)


§ Recruitment details of current employees as of August 2015 are
provided below for STAR, Contractor and Sub-Contractors
accordingly:


Table. Employee Figures by Locality


Locality STAR Contractor Sub-
Contractor TOTAL %


Local
(Aliağa & İzmir) 153 140 530 823 41


Non-Local
(Other) 93 128 975 1196 59


TOTAL 246 268 1505 2019 100


Table. Employee Figures by Gender


Gender STAR Contractor Sub-
Contractor TOTAL %


Male 240 215 1475 1930 96


Female 6 53 30 89 4


TOTAL 246 268 1505 2019 100


Table. Number of Handicapped Employees in Contractor and
Sub-Contractors


Gender Contractor Sub-Contractor TOTAL


Male 4 3 7


Female 1 0 1


TOTAL 5 3 8
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Local
Workforce
Recruitment
and
Employment
Plans (Item 8)


Terms of Employment


§ All current employees of STAR are continued with a signed
contract between both Parties (Employee and Employer) which
clearly documents elements of hours of work, wages, overtime,
liabilities, charges and supplementary fees, leave/permissions,
termination of contract and compensation as standard items. All
contracts comply with Turkish Labor laws and Regulations
respectively.


§ Each employee of STAR is recruited on fixed term and
provided with social security.


§ All foreign employees are supported by legal work permits to
work in the Country and contract periods are determined by the
Turkish Government for 1, 2 and 3 years of intervals.


§ There is no migrant employee at present.
§ Authorities from STAR Human Resources department engage


with employee representatives on frequent basis and whenever
required. Two employees from Construction HSE department
(two technicians) are selected and assigned as Employee
representatives and act as Lead Representative and Assistant
Representative.


§ A Grievance mechanism has been also in place for workers
since late 2014 for all project employees including those from
STAR,  Contractor and all Sub-Contractors.


Grievance Procedure for Workers


§ In compliance with Owner’s Grievance Procedure, Contractor
assigned a CRO for implementation of grievance mechanism in
particular for their employees (See page 29 of this report for
organizational chart presenting CRO’s position). Grievance
forms are accessible from various locations both at site offices
and resting areas for workers. It is optional to report grievances
either by name or  announymously.


§ Grievances received from the workers are recorded jointly with
those reported by external stakeholders in order to capture all
under a single register and also for the ease of following up
them together since the CRO teams in charge of all are the same
(See section XX for the combined figures).
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4.6 Occupational
Health and
Safety
procedures
(Item 9)


Guidelines for these procedures was issued and approved in August 2014.


4.6.1. Implementations by STAR:


i) Produced OHS Plan and Work Procedures by STAR: The
following documents issued by STAR have been under
implementation since early phase of the project.


§ Health, Safety, Environmental and Security (HSES) Plan – Site
Preparation (000-A-PE-007-0014)


§ HSES Incident Reporting and Investigation Procedure (000-A-
PE-0190001)


§ STAR Emergency Response Plan
§ Risk Assessment Procedure (only available in Turkish, STAR


SE PR-003)
ii) Implementation of OHS Management System:


OHS Monitoring: STAR’s construction HSE team continued with
conducting regular OHS monitoring both on the site and at
associated facilities of the project including Çayağzı camp site to
verify compliance with the OHS procedures and standards of the
project. All non-compliances observed by STAR are
communicated immediately to involved personnel (both STAR and
Contractor) and reported to Contractor within observation card
format as well as being highlighted at construction HSE meetings
and other relevant platforms.   In return, Contractor’s HSE team
provides update on their responsive actions to close open
observations on timely basis.


Owner has 7 days 24 hours on duty HSE Technicians to monitor
the activities being carried out on site. The main focus of this team
is to monitor the weekends and the nightshift work and also
support the normal week-day HSE teams.


At present, one Construction HSE Manager together with 4 Safety
Coordinators, 2 Safety Supervisors and 13 safety technicians
executes OHS monitoring of the project.


Communications: The following measures have been
implemented by STAR in terms of fulfilling requirements of OHS
management:
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Occupational
Health and
Safety
procedures
(Item 9)


§ HSE induction and instruction trainings are provided to all
STAR employees by third party HSE Consultant Bir İzmir
prior to commence of work. Each employee are trained by
presentations including video materials and distributed STAR
HS internal directives. These trainings provide information on
the requirements of local OHS regulations as well as on
Company’s HSE programme in place. Each trainee is subject
to a multiple choice questionnaire exam at the end and being
issued internal guidance/instructions booklet. Statistics for
those who received site inductions are provided under section
4.5 Training and Awareness Procedure.


HSE Performance Card System


STAR Project Management Team (PMT) has adopted an HSE
scorecard system to promote and monitor HSE performance of all
PMT personnel starting from June. The system allocates certain
engagement activities to individuals with identified frequencies
(weekly, monthly, yearly, at each occurrence) and are to be
reviewed at quarterly periods for overall HSE performance. The
results will be shared at management meetings for updating
personnel in general on their progress with an aim of promoting
improvements in overall performance.
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Occupational
Health and
Safety
procedures
(Item 9)


Some of the activities included in the activity engagement table are
listed below:


§ Participation in HSE events occasionally (award ceremonies
and other)


§ Participation in Contractor HSE meetings
§ Participation in SSHE Committee Meeting
§ Presenting HSE Moment in Meetings
§ Reporting site observations through observation cards
§ Participation in Contractor/subcontractor’s general toolbox


meeting
§ Attending walkthroughs
§ Participation in Incident & Near Miss Investigations
§ Participation in HSE or Social Audits/Inspections
§ HSE Site Inspections/Visits with Contractor HSE
§ Participation in/Witnessing Drills


Communications


The following measures continued to be implemented by STAR in
terms of fulfilling requirements of OHS management:


§ STAR Administrative Affairs team has continued with
providing Personal Protective Equipment (PPE) for each
employee and notified on appropriate use of these materials
provided for their utility.


§ Preparation and dissemination of any incident information
among STAR employees shortly after their occurrence have
continued by STAR Construction HSE team.  These initial
incident notifications including visual materials strengthen
awareness levels of employees on HS aspects by depicting
causes of incidents and sharing lessons learnt.


§ Weekly construction HSE meetings continued with
participation of STAR and Contractor where all non-
conformities, gaps and weaknesses on HSE aspects are shared
and reviewed. The meeting also provides opportunity for
discussing proposals of improvements of which minutes are
regularly and officially recorded.


§ Monthly and Quarterly HSE Review Meetings were continued
with participation of both Contractor and Owner management
where hot HSE topics and major incidents were discussed and
reviewed together with  performance against the targets.
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§ OHS notice boards have been maintained in STAR site offices
where recently issued safety bulletins, safety tips related
instructions and lessons learnt are posted for employee OHS
awareness.


§ OHS Committee established by STAR OHS Management
according to Law No.6331 and Regulation on Health and
Safety Committees (Off. Gaz. 28532, 18/01/2013) meets
every month including participation by Contractor’s
representatives.  The    Committee    oversees     the     OHS
management system adequacy of the relevant measures taken
for the project, and taking necessary decision for corrective
actions and responsive planning while providing guidance to
employees as a result of the discussions.


Hazard/Risk Identification and Management


As per Risk Assessment Procedure has been prepared in
consultation with all relevant departments and under
implementation. Over hundreds have been identified as hazards
and with responsive precautions. The procedure that is a living
document which is periodically reviewed and updated whenever
applicable.


Employee Well-fare


§ As of 1st of June, all employees including employees working
at STAR site office as well as entire staff of Contractor and
Sub-Contractors have started to utilize catering services
provided by Akyıldız Catering Company within a newly
constructed unit at the project site office area.


§ STAR continued with provision of guesthouse facility at
PETKİM’s premises for employees mobilized from other
cities during their temporary stay until their proper settlement
in a local residential area on their own.


Observations


Observations regarding any unsafe acts and behavior are being
reported via Observations Cards (STAR Card or electronic copy of
the form) and the records kept in a register to follow action and
close-out.
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Toolboxes: Toolbox Talks and pre-task meetings are conducted by
Contractor’s and Sub-Contractor’s personnel on site in which
Owner personnel also participate randomly.


Accidents and Incidents Management: All incidents no matter
how minor are recorded and investigated by Contractor.
Investigation of high potential near miss, LTA, fatality and
recordable cases are also participated by STAR HSE team. As of
end of June, 44 incidents were recorded in the Incident log. Most
of the reported cases are categorized as first aid, near-miss, road
transport and property damage. Corrective actions included in the
incident reports, as per the root-cause analysis, to prevent
reoccurrence in future are being closely followed to take actions in
a timely manner and close the items of which the details are also
kept.


Reporting: STAR collects and reviews HSE KPI statistics from
Contractor and all relevant parties on weekly and monthly basis.
HSE  team  also  communicates  monthly  HSE  reports  to  STAR
Management including highlights of the month, critical issues and
recommendations in addition to   information on HSE specific
KPIs and Loss Time Incidents.


Walkthroughs: Several walkthroughs have been adopted recently
on weekly or bi-weekly basis in terms of improvement of HSE
performance of Contractor and all Sub-Contractors against the
legal and project specific requirements where STAR Construction
and HSE teams dedicatedly participate and contributes to site visit
findings and awareness raising talks. These activities specifically
consists of the followings:


§ Management HSE Walkthrough
§ Supervisors HSE Walkthrough
§ Environmental Walkthrough
§ Health & Hygiene Inspections at Welfare Areas
§ Health and Hygiene Inspections at Camp
§ Following the site walkthroughs, observations are recorded in


the relevant reports and the action items are registered by
Contractor in the Observation Log for close-out. A schedule
has been issued for the planned walkthroughs where
participants from different disciplines and management are
included.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 62 of 98


Occupational
Health and
Safety
procedures
(Item 9)


Drills


Total of 9 drills with several types were carried out either by Sub-
Contractors within the monitoring period.


Drill Type Date


Heart Attack  Evacuation Drill on site 05.02.2015


Heart Attack Drill  at Offices 13.02.2015


Trench rescue drill 12.03.2015


Emergency Evacuation Drill 08.05.2015


Rescue Evacuation Drill 21.05.2015


Rescue from trench drill 26.05.2015


Minor Fire Drill 28.05.2015


Minor Fire Drill 02.06.2015


Confined Space Rescue Drill on site 02.06.2015


A common emergency muster drill by STAR and Contractor
planned in July.


4.6.2. Implementations by Contractor:


i) Produced OHS Plan and Work Procedures by TSGI: The EPC
Contractor TSGI MI has been producing OHS procedures and
implementing these procedures upon approval of STAR according
to the commitments undertaken by STAR in the ESIA including
Turkish regulatory framework, IFC Performance Standards (in
particular PS2) and IFC General and Sector Specific EHS
Guidelines.


The latest status of OHS specific documents under implementation
by Contractor and applicable for all sub-contractors are enclosed in
the Appendix-8.
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Communications


§ In  terms  of  fulfilling  OHS  requirements  of  OHS
Management System, the following measures have been
implemented by Contractor:


§ HSE instructions communicated to the employees prior to
start of work by employees through site induction
trainings including visual materials, distribution of OHS
hand-outs. Site inductions inform employees to be in
compliance with the requirements of local OHS
regulations instructions and to be aware of relevant OHS
issues in the workplace.


Trainings


§ As of May, provision of site inductions to all workers and
each visitor has been initiated by Sub-Contractor Bir
İzmir (OHS Service Provider Company) which is
specifically contracted for HSE training services. Site
inductions are followed by multiple choice questionnaire
exams. Those who pass the exams are provided with HSE
induction card that presents information on emergency
contact people. A sticker is provided to be posted on the
helmet to identify that the person has completed the
induction training. The person is also provided with a
training passport where his training details will be
captured and followed.







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 64 of 98


Occupational
Health and
Safety
procedures
(Item 9)


§ Statistics regarding those who received site inductions are
provided under section 4.5 Training and Awareness
Procedure.


§ Employees are also informed against misuse or damage of any
equipment and materials provided for their utility prior to start
of their work.


§ HSE Notice Boards: HSE Notice Board is available at the Site
in order to assure a proper communication and awareness in
particular targeting workers who do not have access to e-mail
services.


§ The Notice Board contains information regarding Emergency
Number, Training Program, HSE Services, HSE Alerts, etc.
HSE Notice Board is multi-language to enable understandings
by the foreign employees and visitors (Turkish, English).


§ Safety Bulletins: Safety Bulletins are distributed through
mailing lists on topics related to the Project (e.g. Accidents
and Near Miss, new HSE procedures issued, etc.) and/or
related to other Sites/Projects.


Figure. An example of safety bulletin on rigging activity


§ Containers, tanks with hazardous materials are labelled
properly and MSDS both in English and Turkish are posted at
storage locations.


§ Information on emergency codes, signings and signals are
posted at dedicated spots (including announcement boards at
offices and project site) for instructing employees.
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§ HSE Committee established by TSGI MI meets every month
starting. The Committee oversee the OHS management
system, adequacy of the relevant measures taken for the
project and taking necessary decision for corrective actions
and responsive planning and discuss compliance with the
national regulations.


HSE Incentive Program


§ Contractor conducts on monthly basis an award ceremony
where positive behavior and good HSE performance is being
awarded by Management.


Site Medical Point


§ As of May, the site medical centre has been made operational
with medical personnel and ambulance being available for
7daysx24hours.


OHS Monitoring


§ Contractor’s construction and HSE team conducts regular
OHS monitoring both on the site and at associated facilities of
the project including dumping sites to verify compliance with
the OHS procedures and standards applicable to the project.


All non-compliances observed by TSGI are communicated
immediately to involved personnel (both Contractor and
relevant Subcontractors) and reported through channels
including observation cards, meetings, e-mails and other.


§ Risk Assessment and Job Safety Analysis (JSA) carried out by
competent people and submitted by the HSE analyst to the
Discipline Supervisor and HSE Manager for approval.


Hazard/Risk Identification and Management


§ All tasks to be performed by Contractor and Subcontractors
are  subject  to  a  written  Method  Statement  and  a  Risk
Assessment.


§ A  Risk  Assessment  is  required  for  each  activity  by
Subcontractors and mitigation measures are implemented
before commencement of work in line with Turkish Law
6331.
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Employee Involvement


Involvement of individual employees in OHS management is
promoted through the following measures:


§ Health and Safety Observation cards are provided at several
locations both at the site offices and construction site for
recordable observations of employees.


§ Grievance Mechanism for Workers has been in place for
recording grievances from employees. Grievance forms have
continued to be supplied through boxes located at several
locations of the site offices and employee resting areas. Those
forms provide option for anonymous applications where
personal grievances and recommendations for improvements
can be communicated to the Project management.


Job Hazard Analysis


§ Job Hazard Analysis (JHA) tool has been under
implementation for identification of hazards associated with
each project activity while providing responsive measures for
controlling or mitigation of them.


§ Job Hazard Analysis is provided according to Contractor’s
procedure on JOB SAFETY ANALYSIS (000-A- EE-
0190326).


Employee Well-fare


§ Employees of Sub-Contractors are provided resting places at
the workplace with safe and evacuation conditions and
supplied by fire extinguishers and HSE notice boards.


§ A catering service with a common menu for all workers is
provided by Akyıldız Catering Company for each
subcontractor at decent and hygienic eating areas that are
located at the project site and Çayağzı camp area.
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Audits and Inspections (Walkthroughs)


§ Safety Walkthroughs conducted at selected project areas on
weekly basis involvimg participants from management
teams of STAR, Contractor and Sub-Contractors. These
routine inspections are performed in order to identify and
rectify existing problems and to avoid problems that require
proactive actions.


§ Observation noticed during the HSE
Walkthroughs/Inspections are recorded on a database and
used for preparation of Safety Indicators.


§ Contractor regularly maintains and submits inspection logs
and action registers to STAR HSE team.


Accidents and Incidents Management
All incidents including near misses and hazards are reported to
Owner by Contractor immediately. Detailed investigations are
also conducted by Contractor for those necessary in terms of
identification of root-cause of the incident and for implementing
necessary measures to avoid re-occurrence. Further details are
provided in procedure 000-A-EE-0190334 INCIDENT
INVESTIGATION AND REPORTING PROCEDURE.


Reporting


Contractor provides HSE reports to Owner on weekly and
monthly basis. Reports include updated information on HSE
specific KPIs, Loss Time Incidents and others.
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Planned Activities for Next Monitoring Period:


1. OHS audit planned by STAR in August 2015 to check
and review level of fulfillments by Contractor with
respect to their legal OHS compliance.


2. A full HSE audit has been scheduled by Contractor to be
applied to all Sub-Contractors as per the issued HSE
Audit Plan. The audit to be commenced in last quarter
this  year  that  will  be  combined  with  a  follow  up
workshop.


3. As part of Occupational Exposure and Monitoring
Program, following monitoring activities planned
annually by Contractor:
§ Occupational noise and dust measurements in
August 2015
§ Illumination Monitoring for Office and Construction
Site for and
§ Thermal Condition Monitoring for Office within 3rd


quarter of 2015
4. Carrying out joint inspections(walkthroughs) as per the


engagement activity schedule


5. Planned drill types by Contractor and/or Sub-Contractors
are as follows:


§ Emergency Evacuation Drill
§ Emergency Muster Drill
§ Confined Space Rescue Drill on site
§ Rescue Drill From Sea
§ Minor Fire Emergency Drills
§ Heart Attack Drills
§ Small injury on site
§ Rescue from  Height Drill at site
§ TSGI Main Gate Sabotage Drill
§ Local Evacuation Muster Drill at office
§ Local Evacuation Muster Drill at office
§ Small Fire Drill at office area
§ Dog Evacuation Drill
§ Traffic accident and injury drill on site
§ Gas Leak Emergency Local Evacuation Drills
§ Confined Space Rescue Drill on site
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Issued in August 2014.


In relation to engineering phase of the project, EPC Contractor
has developed the following specific procedures which have been
effective among Vendors in order for them to be in compliance
with the HSE requirements of the Project.


i) HSE Requirements for Vendors (000-A-EE-0190302)


ii) HSE Design Safety Philosophy  (000-A-EE-0190304)


Accordingly, each Vendor shall demonstrate acceptable HSE
performances and/or guarantee certain emission thresholds and
safety specifications for their supplies and services that are
subject to review process by STAR and Contractor upon vendor
data submitted by them.


With regards to construction phase of the project, EPC Contractor
orders all Sub-Contractors to comply with the Contractor’s HSE
Plan, Procedures and specifications while requiring them to issue
their own procedures accordingly.


One of the other adopted practices for supply chain management
of the Project is the execution of planned HSE audits as planned
where Contractor scrutinizes HSE documentation of Sub-
Contractors and inspects site implementations of the teams. As an
outcome of the audit process, Contractor produces a management
review on HSE performances of all Sub-Contractors and reports
findings for the areas requiring improvements.
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(Item 11)


Issued in August 2014.


Implementations by Contractor


Contractor has been addressing the following measures for resource
efficiency management:


§ Contractor has issued a Resource Efficiency Management Plan in
June. The Plan commits environmental awareness campaigns for
2015 and 2016 with themes of energy and water saving, waste
management and oil spill respectively.


§ Uncontaminated storm water that is recovered from cross ditched
on site has been used for the suppression again on site.


§ Maintenance of equipment, machinery and vehicles consuming
fuels are conducted on routine basis. No anomalies in the
exhausts are present.


§ Consumption of natural resources and services (e.g. energy, water
supply) as well as reuse/recycling practices has started to be
monitored regularly by April. Findings of monitoring will be
reviewed and evaluated for further improvements / corrective
actions if necessary.


§ A new dumping area located at PETKİM peninsula in an adjacent
area to the Project site has been assigned for earth removal
activities that has been taking place in the Area-3. Close location
of dumping site has enabled reduction of fuel consumption levels
since transportation routes are much longer for alternative
dumping sites outside the Project area.


§ Contractor distributed metal water bottles for their employees  to
minimize generation of plastic bottle wastes.


Planned Activities


§ STAR and Contractor will launch a comprehensive resource
efficiency campaign in 2nd half of 2015  both at office and resting
areas for energy and water saving practices. As part of the
campaign, awareness stickers and posters will be demonstrated at
notice boards and office light buttons.
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4.9 GHG
Management
Plan
(Item 12)


This Plan is due prior to the start of operations [Jul. 2017]


4.10 Air emissions
- Prevention
and Control
into the
Refinery
fences
(Item 13a)


This Plan is due prior to the start of operations [Jul. 2017]


4.11 Air emissions
- Air Quality
Monitoring
program
(Item 13b)


Issued in August 2014.


“Ambient Air Quality Monitoring Plan – First Campaign Using Mobile
Devices” was prepared by Golder Associates and issued by STAR on the
16th of January this year.


The plan defines the activities which are needed for filling the gaps on
existing baseline air quality data (i.e. air quality data before the start of
refinery operations). Complete set of data will serve for appropriate
assessment of the air quality data as part of monitoring activities planned
during operations phase of the Project. Accordingly, the monitoring
activities to address the identified measurement gaps will be commenced
prior to start of operations prospectively by mid-2016 for a period of  one
year.
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4.12 Sea water and
groundwater
monitoring
plan
(Item 14)


Issued in August 2014.


Seawater Monitoring Activities by STAR


§ In terms of identification of baseline concentrations of the seawater
in the Local Study Area (LSA), seawater sampling was conducted by
using Niskin bottle on the 8th of May prior to start of marine
activities in June as part of Seawater and Marine Sediment Quality
Monitoring Plan (000-A-OE-0090027).


§ The sampling process was directly executed by the STAR team.
However, Dokuz Eylül University Institute of Marine Sciences and
Technology supported sampling process during their sediment
sampling as part of the entire marine monitoring programme that has
been implemented by the same team for the Project.


§ Secchi disk was used to measure transparency of the water by the
time of sampling activity.  When the disk was no longer visible
during lowering of marked rope, depth was recorded accordingly.


Photo. View from use of Secchi disk during seawater sampling


§ GPS device was used to verify coordinates of the monitoring stations
which were initially identified and provided in the approved
Seawater and Marine Sediments Quality Monitoring Plan of the
Project (000-A-OE-0090027). The coordinates(in WGS84 unit) and
sampling details are given in the following table:
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Table: Station Coordinates and Secchi Details for Seawater
Sampling


Station
numbers


Coordinates
X: Longitude
Y: Latitude


Rope
Length


Secchi
Depth


Rope
Angle


1 26.911707 X
38.788967 Y 20.5 20.5 0


2 26.914841 X
38.786237 Y 11 7.7 45


3 26.917631 X
    38.783374 Y 12 10.4 30


4 26.919822 X
38.780069 Y 11 9.5 30


5 26.923813 X
38.779536 Y 13 13.0 0


6 26.923575 X
38.799496 Y 9.5 9.5 0


7 26.89873   X
38.799496 Y 18.5 16.8 25


§ For each stations, two samples were collected - one from surface
(superficial sample), another one from sea bottom. In total, 14
samples were delivered in following hours to İzmir Governorate
Provincial Public Health (Hıfzısıhha) Laboratory which is an
accredited agency by Turkish Accreditation Authority (TÜRKAK)
according to TS EN ISO/IEC 17025.


§ The following parameters were analyzed for each sample. Between
the entire parameters analyzed, Mercury and Ammonia
concentrations were identified with values above the thresholds. The
laboratory results are provided in the Appendix- 9.
Microbiological Parameters
- Total coliform bacteria
- Fecal coliform bacteria
Chemical Parameters
- pH
- Total suspended solids
- Turbidity
- Cadmium
- Color
- Copper (Cu)
- Lead (Pb)
- Nickel (Ni)
- Zinc
- Mercury (Hg)
- Arsenic (As)
- Chromium (Cr)
- Ammonia (NH3)
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Seawater Monitoring Activities by Contractor


§ As per the requirements of ESAP item 4f2, Contractor also
commenced seawater monitoring activity for 14  points (both surface
and bottom) at selected 7 stations on the 23rd of  May prior  to  jetty
construction works. In addition to the parameters provided in the
above sub-section, parameters of dissolved oxygen, total petroleum
hydrocarbons and supernatant were also analyzed. The laboratory
results are enclosed in the Appendix-10.


Groundwater Monitoring Activities


§ Golder Associates (GA) hydrogeology expert Michael Pupeza
visited the project site for assessment of conditions for groundwater
both in May and June. As per the accumulated information based on
piezometer measurement results through the existing wells on site,
Ground Water Quality Monitoring Plan (000-A-OE-0090028) of the
Project will be revised accordingly.


Planned Activities


§ Once Ground Water Quality Monitoring Plan will be revised and
issued, Contractor will be responsible with opening of new
groundwater monitoring wells and/or restoration of old ones which
are essential for monitoring activities.
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4.13 Waste water
management
(Item 15)


Issued in August 2014.


Implementations by Contractor


§ Sources of sanitary wastewater are limited to the followings:


1. Wastewater generated within the construction office facilities


2. Sewage water generated within the portable toilets located at
the project site


3. The discharge generated upon the construction site offices is
sent to the WWTP of PETKİM that complies with the
national discharge limits.


4. Wastewater generated from Çayağzı Camp: The domestic
waste water has been treated through a Package Treatment
Unit which has a daily capacity of 1200 m3. Temporary
operations permit for the unit was issued by the Local
Directorate of Environment and Urbanization on the 28th of
April. In order to ensure reduction of oily water load of the
influent water, an oil skimmer has been operational at the
outlet of kitchen sanitary water network.


5. Construction and restoration of storm-water channels at
project site has been an ongoing process and of a settlement
pond where all storm-water gets collected has been planned.


6. Wastewater generated upon utilization of site portable toilets
are transported and disposed separately by a third party
ensuring regular maintenance of these facilities.


§ Contractor ensures proper management of all sewage water
sources by demanding agreements with third party service
providers and the receivers of generated waste water.


Planned Activities


§ Sub-Contractor Özdenizcilik who is in charge of Camp
Management will ensure routine monitoring of effluent water at
Çayağzı camp site by use of mobile sampling kits.
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4.14 Soil and
Contaminated
land
management
(Item 16)


Issued in August 2014.


Activities by STAR:
§ First Soil Sampling activity prior to construction activities was


addressed on the 5th of February 2015 for the purpose of
analyzing soil baseline characteristics of the project site where
majority of Area-1 and Area-2 were covered by filling material
by the time of sampling.


Map: Soil Sampling Locations


§ A total of 11 surface soil samples were collected from the Project
Site and analyzed for the activity specific contamination indicator
parameters listed in the “Regulation on Soil Pollution Control and
Point Source Contaminated Sites”, for the fulfilment of
requirements listed in the “Soil Management and Reinstatement
Plan and Guidelines for Contractor” of the Project (See Baseline
Soil Quality Assessment Report in the Appendix – 11).


Photo: View from Soil Sampling Activity
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Soil and
Contaminated
land
management
(Item 16)


§ Concentrations of metals, trace amounts of PCBs and PAHs have
been put in evidence. However, the results demonstrate values
below thresholds and accordingly not indicate soil contamination.
This baseline soil survey will be used as a reference for future
Project Site assessments and/or soil investigations.


      Activities by Contractor
§ Sub-Contractors continued with supplying spill kits for heavy


machineries as a mitigation measure to avoid fuel spills at non-
controlled areas. Further, Spill Prevention training in particular
for operators and truck drivers has been initiated as of 11th of
June. Until the end of June, 66 workers participated in the
training with 2 hours. Responsive Spill Prevention Measures
followed by all Sub-Contractors are covered under Contractors
Spill Prevention Plan (Doc. No: 2245-000-A-EE-0190322) which
provides basis and guidelines for the management of spills
applicable for employees, subcontractor and visitors located in
the worksites of the project.


§ Temporary fuel storage location of Sub-Contractor Yenigün
where a fuel tanker used to supply fuel to light trucks was de-
commissioned due to non-compliance with containment
conditions.


§ A Spill Drills was conducted by Sub-Contractor Yenigün on the
18th of June where 8 workers participated and practiced spill
response measures for various spills with different spill kit types.


Photos: Views from Spill Drill Activity


    Planned Activities
§ Sub-Contractors will ensure all truck drivers and operators to


receive Spill Prevention Training by the end of October.


§ Spill drills both on land and at sea have been planned for 2nd half
of the year.
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4.15 Noise
Prevention
and Control -
Source
emissions
(Item 17a)


Issued in August 2014.


4.16 Noise
Prevention
and Control –
Immission
into the
environment
(Item 17b)


Issued in August 2014.


§ PPEs including ear plugs have continued to be provided for
employees in order to prevent occupational noise


Planned Activities


The following yearly monitoring activities planned by Contractor for
August 2015:


§ Noise Monitoring at workplace for determining worker's noise
exposure level


§ Vibration Monitoring: HAV and WBV worker's vibration
exposure level


Contractor’s Corresponding Document/Procedures:
* Responsive noise management measures committed by Contractor are
covered under the Contractor’s document Construction Environmental
Management Plan (no: 2245-000-A-EE-0190306)
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4.17 Dust_and_
other_
emissions_
Management
Plan
(Item 18)


Issued in August 2014.


Dust Management Activities


§ In order to control dust emissions that are generated in particular
due to land preparation and movement of earth materials, 3 dust
suppression  vehicles have been dedicatedly performing
sprinkling activities along the access road which connects to
PETKİM Forest dumping area and also through at main access
roads at the Project site.


Photo: View from a site access road following dust suppression
activity


Planned Activities


§ Monitoring activities on occupational dust exposure and PM10
and settled dust at the receptors in the vicinity of the project area
was planned for August 2015.
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4.18 Waste
management
plan
(Item 19a)


Issued in August 2014.


Implementations by Contractor:


§ Weekly data for all applicable waste streams as per KPI statistics
has been kept by Contractor and reported to Employer. As of
2015,  related KPIs are revised according to STAR document
000-A-OE-0090035 Waste Management Plan and Guidelines for
Contractor that are listed below:


- Hazardous waste (ton)
- Medical waste (kg)
- Domestic waste (kg)
- Iron and steel waste (kg)
- Recyclable waste (kg)
- Excavation and demolition waste (ton)


§ Medical wastes generated due to health service unit operations at
the project area are stored and managed in compliance with
“Regulation on Control of Medical Wastes” without mixing in
any way with other wastes.  Recyclable wastes are collected in
the recyclable boxes and medical wastes are collected with red
bags in the “Medical Waste Box” at the medical service unit.
Collected wastes are locked in “Medical Waste Container” and
properly managed in accordance with the “Regulation on Control
of Medical Wastes”.


§ The domestic wastes produced in the Health Service Unit are
collected in garbage bins and transported for disposal via licensed
companies on routine basis.


§ Network of sanitary waste water generated at the project area
including site offices has a connection to PETKİM’s wastewater
treatment plant as per the special agreement of Contractor with
PETKİM and becomes treated in compliance with the national
limits.


§ Contractor’s corresponding document titled as WASTE
MANAGEMENT PLAN (WMP, 000-A-EE-0190307) intends to
provide effective guidance for handling, recycling and disposing
of wastes generated during the Site Preparation phase of the
project.  The  WMP  is  a  living  document  and   will  be  updated
according to actual project phase and Site conditions as well as
actual waste streams being generated.
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4.19 Hazardous
materials
management
plan
(Item 19b)


Issued in August 2014.


§ Hazardous Materials are maintained together with their associated
Material Safety Data Sheets (MSDSs) at temporary storage
locations by each Sub-contractor.


§ Contractor’s HSE team conducts periodic inspections on storage
locations in order to review compliance with appropriate storage
conditions while checking availability of MSDSs.


§ Contractor issued a specific bulletin for consideration of Sub-
Contractors to comply with temporary hazardous material storage
area criteria in terms of containment conditions, safety measures,
labelling and accessibility.


Figure. Temporary Hazardous Waste Storage Area Criteria
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4.20 Workers and
Community
Health
management
plans
(Item 20)


Issued in August 2014.


Extensive pre-employment health checks are conducted prior to
commence of work on site. Periodical checks for all employees are
carried out on annual basis.
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4.21 Traffic
management
plan
(Item 21)


Issued in August 2014.


§ Regular service, maintenance and regulatory compliance checks
including exhaust emissions are conducted on routine basis for
entire vehicle fleet and heavy machinery.
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4.22 Security
Management
plan
(Item 22)


Issued in August 2014.


Implementation by STAR


STAR’s Security Manager oversees Contractor’s Security Management
System and observes such operations on routine basis. Procedure and
Plans submitted by Contractor on security is reviewed and supervised
under the coordination of Security Management in cooperation with
relevant disciplines.


Implementations by Contractor


i. Organizational Structure: Security management is implemented by
the Owner’s Contractor TSGI Engineering Construction (TSGI MI)
Company who is responsible with ensuring highest possible level of
protection of the project site and its assets. The following chart presents
the roles and organization structure as per overall security management of
the project. Contractor acquires private security services from a third
party (ISS Proser Security Services) to provide qualified, uniformed
security personnel on 7X24 hours basis for routine security operations.


Figure.  Security Organization Chart by Contractor
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Security
Management
plan
(Item 22)


Procedures/Plan


The following documentation applying to the Owner, Contractor and
subcontractors working in the relevant project areas was produced by
TSGI MI and updated when necessary.


- Security Procedure for Material Control (DOC no: 2248-000-A-
EE-0190652)


- SOP (Standard Operating Procedures) for Security of
Temporary Facilities (DOC no: 2248-000-A-EE-0190672)


- SOP Access Procedures to ARP Sites (DOC No: 2248-000-A-
EE-0190670)


- SOP Line of Communication and Reporting (DOC No: 2248-
000-A-EE-0190671)


- SOP Missing Personnel (DOC No: 2248-000-A-EE-0190656)


- Security Plan (DOC no: 2248-000-A-EE-0190310)


Implementations/Mitigation Measures


i) Induction/Trainings, Exercises: TSGI MI as required within
the scope of activities provides Security Awareness Briefings
to the new comers of the project. Essential information
including site security status of the operation area, security
implementations, standing security procedures, security
access, general security advices and contact numbers of
responsible security team are provided to those for their
orientation on security aspects and also supplied with
“Welcome Security Booklet” which contains practical security
information for the Project site, Aliağa and Turkey in general.


The security team has been also informed on the Grievance
submission channels as part of Grievance Procedure for
Workers.


Within the first half of 2015, several trainings were provided
to the security team on the topics including General
Authorization of PSGs, General Procedures for SSs, SOP
Access Procedures and HSE Induction.
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Security
Management
plan
(Item 22)


ii) Reporting: TSGI MI has continued with preparation of daily
and weekly security reports where information on the
following topics shared regularly:


- Security Operating Level
- Manpower
- Security Environment
- Logistics
- Recommendations and Requirements
- Communications


Other Security Related Issues:


In addition to the routine reporting, security specific incidents
are communicated through incident reporting while situation
reporting is conducted for cases where risks are foreseen and
follow up actions recommended. These reporting channels
ensure immediate reporting on breaches of security to the Site
Security Coordinator.


iii) Other: Other mitigation measures have been applied by the
Security team includes:


§ Physical security measures including fencing,
watchtowers.


§ Access Control Systems measures including issuance of
temporary entry badges that grants access to the site for
authorized vehicles and people


§ Two patrol teams consisting of two security guards have
been operational for ensuring transportation of security
guards in charge of remote areas of the project site.


§ Journey Management for logistics and administrative
management of those on an assignment and travelling for
business in the country are implemented for safety, traffic
and security management aspects.


§ Maintaining close relations with local law enforcement
authorities for close coordination on security issues in case
of need.


§ Random inbound & outbound vehicle searches are
conducted on site in order to provide material control and
loss prevention for company assets.


§ Compartmentation of areas and restricting access to these
areas with authorized personnel and vehicles only is a part
of access control measures which is intended to reduce risk
of having accidents in these areas as far as practical.
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Security
Management
plan
(Item 22)


Planned Activities


§ Issuing a site specific driving pass/license to employees driving
on site. Planning necessary procedures and making relevant
arrangements are ongoing.


§ Installment of turnstiles and proximity card readers to control
pedestrian entries, monitoring inbound and outbound traffic at all
gates via plate number recognition capable cameras, placement of
drop arm barriers at all gates to prevent unauthorized access to
the site, equipping the main gate with delay barriers at inner side
for slowing down adversary progress, installing stoppers, traps at
outside of the main gate to prevent surprise attack


§ Establishment of CCTV surveillance system, external lights,
power supply units (for CCTV control room and each PC used at
the security center)


Some of the selected  training and exercise programs planned for
2nd half of 2015 consists of:


- Voluntary Principles on Security and Human Rights


- First Aid Procedures


- Detailed Vehicle Search


- Action Against Theft Incidents


- Handcuffing Use of Baton


- Fire Quick Reaction Matrix
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4.23 Biodiversity
Action Plan
(Item 23)


Issued in August 2014.


Activities by STAR


First monitoring campaign on sediment and marine biodiversity quality was
conducted by Dokuz Eylül University the Institute of Marine Sciences  and
Technology (DEU-IMST) between May 8-10. The campaign consisted of the
followings activities:


1. Identification of detailed coordinates of P. Oceanica and sampling
2. Demarcation of P. Oceanica and hard bottom communities
3. Sediment sampling at 7 locations for 14 points (both at surface and bottom)
4. Monitoring potential presence of seals and seal caves
5. Monitoring presence of reptiles (marine turtles) – will be repeated in June
  alien


Photos (by DEU-IMST): Placement of Demarcation Buoys


The second part of the preliminary monitoring campaign on marine biodiversity
complementing the initial monitoring activities was carried out by DEU-IMST
between June 12-19. Activities consisted of the followings:


1. Verification demarcated coordinates of P. Oceanica and initiating
lepidochronological method on
Posedonia samples
2. Monitoring potential presence of fish assemblages
3. Identification of potential presence of marine alien species
4. Monitoring potential presence of reptiles (marine turtles)
5. Monitoring potential presence of cetaceans
6. Installation of monitoring stations for P. Oceanica in accordance with balisage
method
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Biodiversity
Action Plan
(Item 23)


Figure.	The line transects used followed during the Cetacean survey and
delimitation of coastal areas for monk seal survey (Produced  by DEU-IMST)


Photos (by DEU-IMST): Preparation of quadrats, fixation of quadrats with
nails


Photos (by DEU-IMST): 25x25 cm quadrat digital camera photos
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Biodiversity
Action Plan
(Item 23)


Photos (by DEU-IMST):   Views from Ivasive Species Recorded in the LSA


As a result of baseline identification activities, the experts concludes that
based on the accumulated information on status of Posidonia meadows in
the LSA, gathering and transplanting of any shoots are not foreseen to have
much survival success in the area that they will be planted. Therefore,
instead, the experts recommend protection of healthy Posidonia meadows at
any vicinity of Marine Protected Area(MPA).One good example is given as
the establishment of the mooring sites in Göcek Dalaman Coves of
Fethiye-Göcek Special Environmental Protected Area (Battal, 2011). In the
most used coves, moors were placed to avoid anchoring effect of vessels
over the Posidonia meadows. This type of establishments where no mooring
sites exist can be foreseen as an alternative measure at any vicinity MPA
instead of any re-plantation measures that will be much more costly.


The findings of the first monitoring activities by DEU-IMST is enclosed in
the Appendix-12


Activities by Contractor


§ Contractor has installed graduated stakes within the habitats
characterized by P.Oceanica in terms of monitoring potential
sedimentation due to marine construction activities. The further
information can be accessed from Contractor’s Ante Operam
Campaign Report.


Planned Activities


§ Installation of silt curtain in July by Contractor for minimizing
turbidity effects  over Posidonia meadows in particular.


§ Installation of online turbidity measurements at buoys in the LSA
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4.24 Terrestrial
Flora and
Fauna
Management
Plan
(Item 24)


Issued in August 2014.


4.25 Invasive alien
species
prevention
(Item 25)


Issued in August 2014.


As part of the marine biodiversity management campaign, baseline study
was conducted by DEU-IMST in June. During the survey, 3 alien and
invasive macro algae species were recorded in the LSA which are presented
in the following Table.


Stations C. racemose var.
cylindracea


Codium fragile Stypopodium
schimperi


AS_MON_01
AS_MON_02 +
AS_MON_03 +++
AS_MON_04 +++
AS_MON_05 +++
AS_MON_06
AS_MON_08 + +
AS_MON_10 +
AS_MON_09
AS_MON_07 +++ +
AS_MON_11
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4.26 Chance find
procedure
(Item 26)


Issued in August 2014.


§ Seabed archeological survey was conducted by DENAR Company
with a team consisting of under-water archeologists within the first
week of June prior to start of pile driving activities that is the initial
marine construction work. The study stages included multi-beam
bathymetry, side scan sonar, sub-bottom profiler, marine
magnetometer and ROV surveys.


Figure. Survey Area


§ The processed and interpreted data were observed and cross-
checked with SSS and Multibeam Echosounder data as well. As a
result, no seismic anomaly that has ability to be an archeological
remain was detected. The report is provided in the Appendix-13.


§ There have been no accidental findings discovered during the
ongoing site preparation works throughout the monitoring period.
Regular site observations have been conducted by HSE engineers
during earth moving operations at Area-3 which has been
continuing since the beginning of 2015.
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4.27 Audit and
Non-
Conformities
Procedure


Issued in August 2014.


Activities jointly by STAR and Contractor


§ Contractor conducted an internal HSE audit to all Sub-Contractors
of the Project between April 10-11, this year.


§ STAR and Contractor initiated a dedicated environmental
walkthrough as of 11th of May on bi-weekly basis as an addition to
weekly HSE walkthroughs. Non-conformities observed on site are
recorded through environmental walkthrough reports and followed
up for close out.


§ In addition to regular site inspections, STAR conducted a
comprehensive inspection on the 3rd of  March  in  line  with
IFC&EBRD’s Guidance on Workers' accommodation: processes
and standards.   The inspection findings were shared with
Contractor and Sub-Contractor accordingly.


Planned Activities


§ Inspection of  metal recycling plant by STAR team, which is under
use by Sub-Contractor Yenigün in August 2015


§ Social and HSE assessment of quarry plants by STAR in August
and September 2015 for those where materials will be supplied
from within of the scope of marine reclamation activities.


4.28 Management
of Change
Procedure


Issued in August 2014.


With response to the action item (ESMS 1.3)  from the LESC’s Action List,
the associated capacity increase change has been recorded in the
Management of Change Log for review of the Lenders and the LESC. The
Log is provided under Appendix-14.
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5.0 CONCLUSIONS


The Project is in compliance with the requirements stipulated in the EIA consents.


The Project is following the requirements of the ESAP and ESIA.


6.0 UPDATE ON PROJECT DOCUMENTATION STATUS


The Table in Appendix 5 of this report provides the updated timeline for:


· the documentation submission from Star/Golder to Lenders’ advisors;


· the documentation review by Lenders’ advisors;


· the documentation revision/amendment by STAR/Golder; and


· the documentation approval by Lenders’ advisor.
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APPENDICES-1 -2-3-4
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APPENDIX 5 – WORK PROGRESS TABLE BY THE END OF JUNE 2015


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


ESHS Policies 5 August


25 August
APPROVED
MINOR
COMMENTS


Associated facilities and Supply chain
IA 6 August


26 August
APPROVED
MINOR
COMMENTS


Dumping areas MP 6 August


26 August
APPROVED
MINOR
COMMENTS


Supply chain MP 14 July 21 July 5 August 25 August
APPROVED


GHG emission report 7 July
Risk Assessment 27 June 3 July 28 July 1 August APPROVED
JHA procedure 11 July 21 July APPROVED
ESMS Manual 27 May 10 June 15 July 1 August APPROVED


Audit Procedure 20 June 21 July 23 July


1 August
NotAPPROVED
(Clarifications needed
in the audit program)


6 August 19 August
APPROVED


Training Procedure 11 July 21 July 23 July 1 August APPROVED


SEP 16 Jun 3 July 21 July
1 August APPROVED
MINOR
COMMENTS


Grievance Mechanism 30 May 10 June 21 July 1 August APPROVED
Local Workforce Recruitment 17 Jun 26 June 5 August 6 August APPROVED
Employment 23 July 28 July 6 August 8 August APPROVED







STAR Refinery A.Ş.                        HSE-S Management System
Aliağa, TÜRKIYE                        Date: 31 August 2015


000-A-OE-0090053-Rev 0


ENVIRONMENTAL AND SOCIAL MONITORING REPORT (PERIODICAL REPORT NO. 3 – JUNE 2015)


Page 97 of 98


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


OHS Plan 30 June 14 July 5 August 6 August APPROVED


Resource Efficiency 16 Jun 23 June 21 July
1 August APPROVED
MINOR
COMMENTS


See Item 18 x x x x x x


Seawater Sediment 30 June 21 July 23 July
1 August APPROVED
MINOR
COMMENTS


Groundwater Quality Monitoring 16 Jun 26 June 21 July 1 August APPROVED
Wastewater 1 July 14 July 21 July 1 August APPROVED


Soil 14 July 21 July 28 July
6 August APPROVED
MINOR
COMMENTS


Noise 16 Jun 26 June 21 July


1 August NOT
APPROVED
(Measures for
mitigating marine noise
during construction
missing)


6 August 19 August
APPROVED


Dust and other emissions 17 Jun 3 July 23 July


1 August NOT
APPROVED
(Sensitive receptors
and not just humans,
frequency of
monitoring)


6 August


19 August
APPROVED
MINOR
COMMENTS


Waste 27 June 14 July 28 July


6 August NOT
APPROVED (auditing
waste disposal facilities
before they are
retained)


6 August


19 August
APPROVED
MINOR
COMMENTS


Hazardous materials 4 Jun 25 June 15 July 1 August APPROVED
MINOR
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


COMMENTS
Communicable_Diseases_Baseline 20 June 16 July APPROVED


Communicable_Diseases_WHP 11 July 16 July 28 July
1 August APPROVED
MINOR
COMMENTS


Traffic 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Security 30 June 3 July 21 July 1 August APPROVED


Marine Biodiversity 27 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Terrestrial Flora and fauna 4 July 21 July 6 August


8 August NOT
APPROVED
(monitoring fauna in
proximity of dumping
area Güzelhisar D and
wetland)


8 August 19 August
APPROVED


Alien Species 30 June 21 July 28 July
1 August APPROVED
MINOR
COMMENTS


Chance Find Procedure 23 July 28 July 5 August 6 August APPROVED
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PURPOSE 


The purpose of this monitoring report is to fulfill the obligation under the CTA Clause 
15.15 requiring STAR to provide the Lenders with periodical information about 
Environmental and Social Matters arising in relation to the Project Company (STAR) 
and/or the STAR Refinery Project during financial half year ending in June 2014. 


In particular it is required to provide information about the compliance with:  


 Environmental and Social Standards  


 Environmental and Social Laws  


 Environmental and Social Action Plan 


 Environmental and Social Monitoring Plans 


This report is intended to be issued on a semi-annual basis during the construction phase 
and on an annual basis during the operation phase of the Project. 


APPLICATION 


This document refers to the EPC and operation phase of the STAR Refinery Project (the 
“Project”) 


DEFINITIONS  


PROJECT COMPANY: STAR RAFİNERİ A.Ş (“STAR”) 


PMC CONTRACTOR: Foster Wheeler (“FW”) 


EPC CONTRACTOR:  Joint Venture between  
TECNICAS REUNIDAS, SAIPEM, 
GS E&C, ITOCHU (“JV”) 


ENVIRONMENTAL CONSULTANT:  Golder Associates (“GA”) 


LENDERS:  


ECA Direct Lenders 
 Export Development Canada 
 Export-Import Bank of the United States 
 Japan Bank for International Cooperation 


Commercial Lender 
 T.Garanti Bankası A.Ş. 


CESCE Lenders 
 Banco Popular Español, S.A. 
 Banco Bilbao Vizcaya Argentaria S.A. 
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 BNP Paribas Fortis SA/NV 
 Crédit Agricole Corporate and Investment Bank 
 Deutsche Bank S.A.E. 
 ING Bank, a Branch of ING-DiBa AG 
 CaixaBank, S.A. 
 Banco Santander, S.A. 
 Société Générale  


K-SURE Lenders 
 BNP Paribas, Seoul Branch 
 The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch 
 Crédit Agricole Corporate and Investment Bank 
 Deutsche Bank AG, Hong Kong Branch 
 ING Bank, a Branch of ING-DiBa AG 
 The Korea Development Bank 
 KfW IPEX-Bank GmbH 
 NATIXIS 
 Société Générale 
 UniCredit Bank Austria AG 


NEXI Lenders 
 BNP Paribas, Tokyo Branch 
 The Bank of Tokyo-Mitsubishi UFJ, Ltd., London Branch 
 Crédit Agricole Corporate and Investment Bank, Tokyo 


Branch 
 ING Bank N.V., Tokyo Branch 


SACE Lenders 
 Banco Bilbao Vizcaya Argentaria S.A. 
 BNP Paribas Fortis SA/NV 
 Crédit Agricole Corporate and Investment Bank 
 Deutsche Bank S.p.A 
 Intesa Sanpaolo S.p.A., Dubai Branch 
 NATIXIS 
 Société Générale 
 UniCredit Bank Austria AG 


 


LENDERS’ ADVISOR:  D’Appolonia (“DA”) 


ACRONYMS 


AP Action Plan 
Project STAR Refinery Project 
BAP Biodiversity Action Plan 
BAT Best Available Technology 
DEVELOPMENT 
STRATEGY 


Execution plan  
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1.0 INTRODUCTION 


1.1 Context 


STAR Rafineri A.Ş. (hereinafter referred to as “STAR”) is the developer, owner and 
operator for a greenfield complex crude oil refinery (hereinafter referred to as the “STAR 
Refinery”) in the Izmir region within the framework of STAR Refinery Project 
(hereinafter referred to as the “Project”). 


STAR requested from the Lenders a support for financing the Project and identified the 
potential environmental and social impacts of the initiative into an Environmental and 
Social Impact Assessment study (“ESIA”) which has been disclosed to the Lenders.  


The Lenders requested STAR to carry out several actions and to comply with dedicated 
clauses in order to assure the financial closure of the Project. A dedicated Environmental 
and Social Action Plan (ESAP) has been prepared by Lenders with the support of 
D’Appolonia (DA, acting as Lenders Environmental & Social Consultant) to achieve the 
Project full compliance with the applicable requirements (Turkish regulation and IFC 
ESHS policies and standards). 


The Lenders requests have been summarized in a list of 26 items, which contains 
reporting Item ID, Item description and Lenders’ specific request for each item. STAR 
agreed the ESAP with Lenders providing implementation deadlines and progress 
indicators for each of the ESAP Items. 


The ESAP is provided as Attachment 1 of this report. The ESAP Items are detailed in 
the following table. 


ESAP Item Description 
1 Supplements to the ESIA packages 
2 Occupational Health and Safety analyses 
3 Process safety 
4 Quantitative Risk assessment (QRA)  
5 Environmental and Social Management System 
6 Stakeholder Engagement Plan 
7 Emergency Response Plan  
8 Employment policy and procedures  
9 Occupational Health and Safety procedures  


10 Supply Chain Management Plan 
11 Resource Efficiency Management Plan  
12 GHG Management Plan 
13a Air emissions - Prevention and Control into the Refinery fences  
13b Air Quality Monitoring program 
14 Sea water and monitoring groundwater plan 
15 Waste water management  
16 Soil and Contaminated land management  
17a Noise Prevention and Control - Source emissions  
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17b Noise Prevention and Control 
18 Fugitive Particulate Matter  
19a Waste management  
19b Hazardous materials management  
20 Workers and Community Health management plans 
21 Traffic management plan 
22 Security Management plan  
23 Biodiversity Action Plan 
24 Terrestrial Flora and Fauna Management Plan 
25 Invasive alien species prevention 
26 Chance find procedure 


 


Finally several Environmental and Social covenants to be fulfilled by the STAR Project 
have been included in the Common Terms Agreement between STAR and the Lenders 
referring to: 


- Environmental and Social Incidents; 


- Environmental and Social Monitoring Reports; 


- Site Visits/Cooperation; 


- Environmental and Social Laws /Environmental Licenses; 


- Environmental Claims; 


- Compliance; 


- Environmental and Social Compliance. 


1.2 Summary of previous monitoring reports 


This report is the first six monthly monitoring report for the Project.  


1.3 Summary of the STAR REFINERY PROJECT progress 


Construction activities at the Project site are not started yet; based on the Schedule agreed 
with EPC Contractor Construction activities will start in December 2014. 


Site preparation works are currently being carried out at the refinery area since January 
2012; no activities have been initiated in the Port area. 


Site preparation works at the refinery area mainly consist of: 


- Excavation and Earth filling Works 


- Gabion Wall 
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- Guard Rail Installation 


- Soil Nailing Works 


- Shotcrete Application 


- Drainage Works 


- General Drainage System 


- North Sea Discharge Line 


- Permanent Road Works 


- Fence Work 


- Patrol Road Reno Matress 


- Area 1&2&3 Excavation 


- Area 1 Earth filling 


The following Tables provide 


- a the list  on the ongoing works in terms of types and percentage. 


- The actual status in relation to the operation of dumping sites is summarized in the 
following table 
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SITE PREPARATION WORKS 
PROGRESS STATUS 


No Activity Unit Total Quantity Actual 
Quantity 


Remaining 
Quantity 


Actual % 
Complete Planned %  


1 Excavation Works m3 9,752,100 8,777,720 974,380 90.01% 91.60% 
  Excavation Works m3 8,906,944 7,983,905 923,039 89.64% 91.11% 


  
Excavation Works for 
Gabion Wall m3 845,156 793,815 51,341 93.93% 96.73% 


2 Earthfilling Works m3 3,022,787 2,429,492 593,296 80.37% 80.90% 


  
Earthfilling for 
Terraces m3 1,431,219 1,292,985 138,234 90.34% 91.71% 


  
Earthfilling Behind 
Gabion Wall m3 1,591,568 1,136,507 455,062 71.41% 71.18% 


3 Gabion Wall m2 81,209 58,583 22,629 72.14% 75.23% 


4 
Guard Rail 
Installation lm 12,612 - 12,612 0.00% 28.09% 


5 Soil Nailing Works lm 84,348 54,888 29,460 65.07% 71.89% 
6 Shotcrete Application m2 26,606 13,633 12,973 51.24% 58.65% 
7 Drainage Works lm 22,416 2,557 19,859 11.41% 43.11% 


  
General Drainage 
System lm 21,366 1,507 19,859 7.05% 0.00% 


  
North Sea Discharge 
Line lm 1,050 1,050 - 100.00% 0.00% 


8 
Permanent Road 
Works m2 217,487 - 217,487 0.00% 19.63% 


9 Fence Work lm 11,581 5,552 6,029 47.94% 47.94% 


10 
Patrol Road Reno 
Matress m2 15,000 - 15,000 


 
0.00% 


11 
Area 1&2&3 
Excavation m3 523,458 523,458 - 100.00% 100.00% 


12 Area 1 Earthfilling m3 60,828 60,828 - 100.00% 100.00% 
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STATUS – DUMPING SITES 


NO Dumping Areas 
Total Volume 


(m3) 
 


Complete (m3) 
Remaining 


Volume (m3) 
 


Permit Status 
 


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed. 


2 Areas 2 & 3 3.900.000 150.000 0 Yes / Completed. 


3 Guzelhisar D-1   1.104.731 1.104.731 0 Yes / Completed.  


4 Guzelhisar D-2   60.000 60.000 0 Yes / Completed.  


5 Industrial Zone   194.021  194.021 0 
 Yes / Completed.  


6 Caltilidere   2.111.135 2.111.135 0 
 Yes / Completed.  


7 Dere Madencilik   4.000.000 877.124 3.122.876 Ongoing  


8 Guzelhisar E   2.238.977 2.238.977 0 
 Yes / Completed.  


9 Çıtak-1   1.143.784 1.143.784 0 
 Yes / Completed. 


10 Çıtak-2   900.000 489.429 410.571 
Yes for 470.000 m3 Rest is  
ongoing.  
 


11* MKE   15.442 15.442 0 
Yes for 470.000 m3 Rest is  
ongoing.  
 


12 Others 109.009 109.009 0 Yes / Completed. 


 TOTAL (M3) 14.467.169 10.183.722 3.533.447  
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Other major achievements and Project progress in the reporting can be summarized as 
below: 


1. Change Order issues (CFPP, Sulphur Recovery Unit and Offsite Cracks) have been 
agreed amongst EPC Contractor, PMC and STAR. Amendment Agreements were 
prepared and issued for Lenders’ review. 


2. No. 74 critical equipment commitments were expedited by PMC pre-NTP (Notice to 
Proceed) within the overall capital of $100 million. 


3. EPC Contractor submitted the “Construction detailed level III schedule” on July 17th. 
The construction works are scheduled to be starting December 2014. 


4. Technical, Commercial Bid Evaluations and Recommendations for Award for the 
planned commitments are being expedited with PMC and EPC Contractor. 


5. NTP was issued on June 3rd, 2014. Commencement Date was June 4th 
2014.Guaranteed Completion Date is April 4th 2018.  


6. The Tripartite Agreements with licensors are in process of finalization.  


7. Main engineering activities continue to focus principally on HAZOP/SIL (HAZard 
OPerability study/ Safety Integrity Level evaluation) reviews, technical bid 
evaluations for equipment items and civil design. 


8. The subcontract for Marine works (Port facilities construction) has been awarded to 
the joint venture of Grandi Lavori Ficonsit, YUKSEL. 
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2.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS 


This section of the monitoring report presents the information for verification of the 
Project compliance with the applicable CTA Environmental and Social Covenants. 


2.1 Environmental and Social Monitoring Report (CTA Clause 15.15) 


This report represents the Environmental and Social Monitoring Report referred to in 
CTA Clause 15.15 and it is issued on a six monthly basis. It presents a summary of the 
Environmental and Social Monitoring activities carried out in the last half financial year.  


A. Monitoring methodology and information on compliance 


STAR and the EPC Contractor have been developing a monitoring system for the 
construction and operation phases of the Project to be implemented through measurement 
activities and a comprehensive audit program. 


This system has not been finalized yet (reference to ESAP and to section 3 of this report). 


Amongst the above system, the Environmental Impact Assessment (EIA) consents 
require monitoring activities to be performed by the Project under Turkish Legislation. 
These monitoring activities are performed according to Turkish Communicate Gaz. No. 
27436, 18/12/2009 by filling on a quarterly basis the “Monitoring and control form” in 
Annex EK-4 (hereafter referred to as EIA Monitoring Reports). These monitoring 
requirements are currently being included in the STAR monitoring system being 
developed. 


EIA Monitoring Reports for the refinery construction have been prepared (with the 
support of Envy, the consultancy firm that prepared the EIA study for the refinery) and 
submitted by STAR to the MoEU starting from November 2012. These reports provide 
details related to site preparation of the refinery area. The latest EIA Monitoring Report 
issued in June 2014 is provided as Attachment 2 of this report.  


No EIA Monitoring Reports for the Port facilities construction (part of ARP scope) has 
been prepared as no activities for the jetty construction has started yet..  


B. Measures taken to remedy non-compliance 


No non-compliance was identified in the reporting period therefore there have been no 
measures taken to remedy any non-compliance.  


C. Governmental Consents and Governmental Entities 


Governmental Consents in relation Environmental and Social İssues for the Project are: 


 EIA Consent for SOCAR & TURCAS Aegean Refinery Project – 08.12.2009  


 EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1 and 2) 
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 EIA Consent for jetty and filing project – 14.02.2014 (including Jetty No. 3 and 4). 
Though the consent for Jetty No. 4 has been granted, jetty No. 4 is not to be built as 
per the latest design and capacity calculations. 


 EIA Consent for Refinery revision and additional storage tank project – 18.07.2014. 
The content of this EIA Consent is in line with the latest version of ESIA. 


D. Health and Safety management 


STAR is requesting a monthly HSE statistics report from the EPC Contractor for the 
performance of the ESHS Management System. The statistics include the subcontractor 
activities as well. 


Following values have been recorded for STAR and EPC Contractor activities during the 
first half of the year 2014. 


HSE STATISTICS FIRST HALF 
(from January to June'14) 


STAR 
Cumulative 


2014 


EPC 
Cumulative 


2014 


1. Accident & Incident Report   


a. Number of Fatality Accident 0 0 


b. Number of Fatalities 0 0 


c. Number of Lost Time Injuries (LTI) 0 0 


d. Number of Medical Treatment Cases (-) out of LTI (MTC) 0 0 


e. Number of Incidents (First Aid Case) 0 2 


f. Number of Restricted Workday Case (RWC) 0 4 


g. Number of Property Damaged Incident/Accident 0 12 


h. Number of Traffic Accident 0 26 


i. Total km of vehicles 178,289 2,831,800 


j. Fire Incident 0 0 


k. Number of Near-miss 0 9 


l. Unwanted Occurrence (UO) 0 0 


m. Number of Spill / Environmental Impact 0 0 


n. Number of Security / Violence 0 0 


o. Total Recordable Incident (TRI=a+c+d+f) 0 4 


p. Total Number of Incidents (a+c+d+e+f+g+h+j+k+l+m) 0 53 


2. Personnel Information   


Total Number of Man-Hours Worked 65,416 790,135 


Total Number of Safe man-hours 65,416 790,135 


Days without LTI 181 182 


3. Accident & Incident Rates   
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HSE STATISTICS FIRST HALF 
(from January to June'14) 


STAR 
Cumulative 


2014 


EPC 
Cumulative 


2014 


Total Number of Lost Day 0 0 


Total Number of Lost Hours 0 0 


Total Number of Lost day of Restricted case 0 48 


Fatality Rate 0.00 0.00 


LTI Rate 0.00 0.00 


TRI Rate (Total Recordable Incident) 0.00 1.01 


Total Number of Incident Rate 0.00 13.42 


RWC Rate (Restricted Workday Case) 0.00 1.01 


MTC Rate (Medical Treatment Case) 0.00 0.00 


Near-Miss Rate 0.00 2.28 


Unwanted Occurrence Rate (UOR) 0.00 0.00 


4. Training    


HSE Induction Courses (hours) 112 1,413 


Attendees Trained 27 724 


Specific HSE Courses (Hours) 798 3,902 


Attendees Trained 310 1,964 


Others (hours) 381 411 


Attendees Trained 453 274 


Total Training Hours 1291.3 5725.5 


Total Attendees Trained 790.0 2962.0 


5. Meetings   


Toolbox Talks 26 3,515 


Supervision Meeting 3 1 


HSE Meeting 5 64 


Other Meetings 0 9 


6. HSE Activities   


HSE Inspection 2 166 


Walk-Around (Management) 0 104 


Emergency Drills 0 5 


Noise & Dust & Vibration and other Control 0 2 


7. Audits   


External Audit 0 0 


Internal Audit 0 1 


8. Waste Management     
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HSE STATISTICS FIRST HALF 
(from January to June'14) 


STAR 
Cumulative 


2014 


EPC 
Cumulative 


2014 


Hazardous Waste (No of containers) 0 0 


Domestic Waste (No of containers) 0 8,600 


Metal Waste (Kg) 0 0 


Recyclable Waste (No of containers) 0 24,200 


Wood Waste (No of containers) 0 0 


Sewage Waste (Trip) 0 0 


Inert Waste (kg) 0 0 


9. Safety Observation/Inspection   


Number of Safety Observations 0 562 


Average score of HSE 0 71 


10. Health-Medical Reports   


Number of Patient to visit Doctor 11 139 


Total number of patients to whom given days away due to illness  0 0 


Total number of days away due to illness  0 0 


E. Environmental and Social laws changes 


The following ESHS regulation has been issued in the period January 2014 – June 2014: 


TITLE  OFF. GAZ., DATE 
Regulation on Protection of Wetlands 28962, 04/04/2014 
Regulation on Employer Penalties Who do not Employed Disabled and 
the Ex-Convict  


28877, 09/01/2014 


 
Reference to these regulations has been included in the ESHS Management System 
documents currently being developed. 


F. Non-confidential Information provided to shareholders 


Not available. No non-confidential information provided to shareholders. 


2.2 Environmental and Social Incidents (CTA Clause 15.14) 


No environmental and social incidents reported in the first half of 2014. 


2.3 Site Visits – Co-operation (CTA Clause 15.16) 


The Lender’s Technical Consultant, Jacobs has already received STAR’s quarterly status 
report for the 2nd quarter 2014 and the confirmation report is believed to be under 
preparation by Jacobs.  
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2.4 Compliance (CTA Clause 18.3(b)) 


The Project has prepared an ESIA study and an ESAP for compliance with applicable 
national and international requirements.  


The Project is being conducted in accordance with the defined environmental and social 
requirements. 


2.5 Environmental and social compliance (CTA Clause 18.9) 


The Project has been taking actions to be in compliance with the requirements under  


 Local Legislation mainly stipulated by the EIA Consents and license; 


 National Environmental and Social regulation; 


 International Requirements stipulated by the ESIA and the ESAP (i.e. with IFC EHS 
Performance Standards and Guidelines);  


The Project has been performing reporting and monitoring activities as per the EIA 
consent as below; 


 EIA Monitoring Report (App. 4/EK 4) has been prepared on a quarterly basis since 
November 2012 and submitted to the Ministry of Environment and Urbanization. 


 Monitoring for dust and noise emissions has also been performed in the reporting 
period as per the EIA consent. (refer to Section 3) 
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3.0 ESAP WORK PROGRESS  


The objectives of the present section are: 


- To update Lenders on the status of STAR activities to achieve the goals and 
objectives set out in the ESAP; 


- To provide highlights of the work performed by STAR during the considered six 
month or one year period, whichever is applicable; 


- To recognize notable accomplishments of the ESAP milestones and /or point out 
possible inconsistencies with the ESAP timing activities. 


By the end of June 2014 the preparation of the documentation required to be developed 
prior to the start of construction (including ESIA supplements, ESHS policies, ESMS 
Strategy, ESMPs and procedures) was in progress. Part of this documentation was 
already submitted in draft to the Lender’s advisor. 


As agreed with Lenders this documentation is planned to be issued by STAR within the 
end of August 2014.  


The implementation of Plans and Procedures due by the end of August, if not already 
started without a formal document issued, will start immediately after document issuing.  


The documentation that is required to be developed with a different schedule (e.g. prior to 
the start of operations) will be developed and implemented within the deadlines indicated 
in the ESAP.  


The documentation to be developed is detailed in the following subsections, one for each 
Item of the ESAP; deadlines for implementation are indicated in brackets. 


3.1 Supplements to the ESIA 


packages (Item 1) 
Documentation to be approved and issued within the end of August 2014: 


- Document presenting associated facilities and related ES impacts 
- Dumping site management and reinstatement plan 
- Assessment of risks and impacts associated with primary supply 


chains (see also Item 10) 
- Supply chain management Plan (see also Item 10) 
- Revised GHG emission report (see also Item 12) 
 
Other documentation to be developed (deadline is indicated in brackets): 


- Public Health Impact Assessment (see also Item 20) 
- Scoping  [Jan. 2015] 
- Baseline -  [Mar. 2016] 
- Impact assessment  [Sep. 2017] 


- Ambient Air Quality monitoring system progress indicators  
(see item ID 13b)  [prior to Start of Operations] 
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3.2 Occupational Health and 


Safety analyses (Item 2) 
The documentation to be developed (deadline is indicated in brackets): 


- Job hazard analysis [July 2017] 
 


3.3 Process safety (Item 3) The documentation to be developed (deadline is indicated in brackets): 


- Quantitative hazard operability (HAZOP) study [Nov. 2014] 
 
STAR specialized contractor that will develop the Quantitative HAZOP 
has already joined the STAR/EPC Contractor HAZOP team at the 
beginning of June 2014 for coordination purposes. 
 


3.4 QRA (Item 4) The documentation to be developed (deadline is indicated in brackets): 


- Hazard QRA study [Apr. 2016] 
- Oil spill dispersion modeling study [Apr. 2016] 
 


3.5 Environmental and Social 


Management System 
(Item 5) 


Documentation to be approved and issued within the end of August 2014: 


- ESMS Manual according to ISO14001 and OHSAS 18001 
- ESMS policies 
- the ESMPs (further described in following sections)  
- other procedures such as Training/Awareness and Audit/Non-


conformities,  
that contains and constitutes: 
- the development strategy for ESMS preparation including 


submission of an organogram related to STAR and contractor 
organization 


- the STAR ESMS – EPC phase 
- Guidelines for defining an ESMS appropriate to the nature and 


scale of the Project –EPC phase  
 
Other documentation to be developed (deadline is indicated in brackets): 


- Yearly external report on EPC phase  [from Jun. 2016] 
- Guidelines for defining an ESMS appropriate to the nature and scale of 


the Project -Operation phase [Oct. 2017] 
- STAR ESMS - Operation phase [Jul. 2017] 
- Yearly external report  [from Jun. 2019] 
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3.6 Stakeholder Engagement 


Plan (Item 6) 
Documentation to be approved and issued within the end of August 2014: 


- Grievance mechanism  
- Revised version of the SEP for the construction phase  
 
Other documentation to be developed (deadline is indicated in brackets): 


- Updated SEP for operation phase [Jul. 2017] 
- Submission of records of consultation activities and grievances 


 [on Lenders request from now]  
- Preparation and distribution of communication material for feedback 


to affected communities [quarterly for Constr.] 
- Preparation and distribution of communication material for feedback 


to affected communities [annually for Operation] 
 


3.7 Emergency Response Plan 


(Item 7) 
The documentation to be developed (deadline is indicated in brackets): 


- Emergency Response Plan [Jul. 2017] 
 


3.8 Labour and Working 
conditions plans and 


procedures (Item 8) 


Documentation to be approved and issued within the end of August 2014: 


- Employment plan - Construction phase including Guidelines for EPC 
Contractors 


- Local workforce recruitment plan 
 
Other documentation to be developed (deadline is indicated in brackets): 


- Employment plan - Operation phase  [Oct. 2016] 
 


3.9 Occupational Health and 


Safety procedures 


(Item 9) 


Documentation to be approved and issued within the end of August 2014: 


- OHS Plan, including Guidelines for EPC Contractors for developing 
OHS Procedures able to implement the requirements of IFC EHS 
Guidelines. EPC contractor has already developed OHS procedures 
that were submitted to STAR 


- Risk assessment procedure 
- Job Hazard Analysis procedure 
 
Other documentation to be developed (deadline is indicated in brackets): 


- OHS procedures - Operation phase  [Jan. 2017] 
 


3.10 Supply Chain 
Management Plan 


(Item 10) 


Documentation to be approved and issued within the end of August 2014: 


- Primary Supply Chain Management Plan, including Guidelines for 
EPC Contractor 


 







STAR Rafineri A.Ş.  HSE Management System 
Aliağa, TÜRKİYE  Date: 29 August 2014 
                                                                                                    000-A-OE-0090001 - Rev 0 
 


ENVIRONMENTAL AND SOCIAL MONITORING REPORT  


(PERIODICAL REPORT NO. 1 – JUNE 2014) 


   


 Page 11 of 40  
 


3.11 Resource Efficiency 


Management Plan 
(Item 11) 


Documentation to be approved and issued within the end of August 2014: 


- Resource efficiency management plan - construction phase including 
Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- IPPC/BREF compliance deviation report [Dec. 2014] 
- Resource efficiency management plan - operation phase 


 [Jul. 2017] 
 


3.12 GHG Management Plan 
(Item 12) 


The documentation to be developed (deadline is indicated in brackets): 


- GHG management Plan [Jul. 2017] 
- Annual reports on GHG emissions [starting from Mar. 2019] 
 


3.13 Air emissions - 


Prevention and Control 
into the Refinery fences 


(Item 13a) 


Documentation to be approved and issued within the end of August 2014: 


- Dust and other emission management plan, including  
- Monitoring plan for dust and traffic emissions during construction 


(including those from dumping activities)  
- Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Air Emission Monitoring Plans [Jul. 2017] 
 


3.14 Air emissions - Air 
Quality Monitoring 


program (Item 13b) 


The documentation to be developed (deadline is indicated in brackets): 


- Ambient Air Quality Monitoring Plans [Jun. 2014 - May 2015] 
- Results of the Ambient Air Quality Monitoring campaigns 


 [Jul. 2015] 
- Design of the permanent monitoring system and preparation of 


procurement strategy [Sep. 2015] 
- Procurement and installation of the permanent monitoring system – 


progress of activities report [Oct. 2015 - Jun. 2016] 
- Annual air quality monitoring report [from Jan. 2017] 
 


3.15 Sea water and 


monitoring groundwater 
plan (Item 14) 


Documentation to be approved and issued within the end of August 2014: 


- Sea Water Quality Monitoring Plan 
- Groundwater Quality Monitoring Plan 
 
Other documentation to be developed (deadline is indicated in brackets): 


- Quarterly monitoring reports for Seawater [Mar. 2015] 
- Quarterly monitoring reports for Groundwater [Mar. 2017] 
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3.16 Waste water 


management (Item 15) 
Documentation to be approved and issued within the end of August 2014: 


- Wastewater management plan - construction phase, including 
Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Wastewater management plan - operation phase [Jul. 2017] 
 


3.17 Soil and Contaminated 


land management (Item 
16) 


Documentation to be approved and issued within the end of August 2014: 


- Soil management and reinstatement plan - construction phase, 
including Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Soil management and reinstatement plan- operation phase 
 [Feb. 2017] 


- Soil quality monitoring program [Mar. 2017] 
 


3.18 Noise Prevention and 
Control - Source emissions 


(Item 17a) 


Documentation to be approved and issued within the end of August 2014: 


- Noise prevention and management plan - construction phase, including 
- Noise monitoring plan 
- Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Noise prevention and management plan - operation phase  
 [Jun. 2017] 


 
3.19 Noise Prevention and 


Control – Immission into 
the environment 


(Item 17b) 


Documentation to be approved and issued within the end of August 2014: 


- Noise prevention and management plan - construction phase, including 
- Noise monitoring plan 
- Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Noise Monitoring Reports- Construction phase [from Mar. 2015] 
- Noise Monitoring Plan - Operation phase [Jul. 2017] 
- Noise Monitoring Reports- Operation phase [from Apr. 2018] 
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3.20 Fugitive Particulate 


Matter (Item 18) 
Documentation to be approved and issued within the end of August 2014: 


- Dust and other emission management plan, including  
- Monitoring plan for dust and traffic emissions during construction 


(including those from dumping activities)  
- Guidelines to the EPC contractors 


 
3.21 Waste management 


plan (Item 19a) 
Documentation to be approved and issued within the end of August 2014: 


- Waste management plan - construction phase, including Guidelines to 
the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Waste management plan - operation phase [Apr. 2017] 
 


3.22 Hazardous materials 


management plan 
(Item 19b) 


Documentation to be approved and issued within the end of August 2014: 


- Hazardous materials management plan - construction phase, including 
Guidelines to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Hazardous materials management plan - operation phase  
 [Sep. 2017] 


 
3.23 Workers and 


Community Health 


management plans 


(Item 20) 


Documentation to be approved and issued within the end of August 2014: 


- Communicable diseases Baseline Study 
- Communicable diseases Workers Health Management Plan 
 
Other documentation to be developed (deadline is indicated in brackets): 


- Community Health Management Plan  [Jul. 2017] 
- Workers Health Management Plan  [Jul. 2017] 
 


3.24 Traffic management 
plan (Item 21) 


Documentation to be approved and issued within the end of August 2014: 


- Traffic Management Plan 
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3.25  Security Management 


plan (Item 22) 
Documentation to be approved and issued within the end of August 2014: 


- Security management plan - construction phase, including Guidelines 
to the EPC contractors 


 
Other documentation to be developed (deadline is indicated in brackets): 


- Security management plan - operation phase  [Jul. 2017] 
 


3.26 Biodiversity Action Plan 


(Item 23) 
Documentation to be approved and issued within the end of August 2014: 


- Marine biodiversity management plan, including monitoring measures 
and considering the construction of Jetty 1,2 and 3 


- Terrestrial Flora and Fauna Management Plan, including monitoring 
measures 


 
3.27 Terrestrial Flora and 


Fauna Management Plan 
(Item 24) 


Documentation to be approved and issued within the end of August 2014: 


- Terrestrial Flora and Fauna Management Plan, including monitoring 
measures and including information obtained from terrestrial filed 
survey conducted in May 2014 by Golder with particular reference to 
Dumping Sites locations 


 
3.28 Invasive alien species 


prevention (Item 25) 
Documentation to be approved and issued within the end of August 2014: 


- Invasive Alien Species Management Plan Management Plan, including 
monitoring measures 


 
3.29 Chance find procedure 


(Item 26) 
Documentation to be approved and issued within the end of August 2014: 


- Chance find procedure 
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3.30 ESAP work progress summary table 


ESAP 
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT 


COMPLETED (**) 
DELAY 
(months) 


1 


Supplements to the ESIA packages: 
- Associated facilities 


description, risks/impacts 
- supply chain risks/impacts 
- GHG emission report 
- public health impact 


assessment 
A systematic air quality monitoring 
campaign (see item ID 13b for 
detail) 


1. Document presenting associated facilities and related 
ES impacts 


2. Dumping site management and reinstatement plan 
3. Assessment of risks and impacts associated with 


primary supply chains (see also item ID 10) 
4. See item ID 10 for detail  
5. Revised GHG emission report (see also item ID 12) 
6. Public Health Impact Assessment: Scoping, Baseline 


and Impact assessment (see also item ID 20) 
7. Ambient Air Quality monitoring system progress 


indicators (see item ID 13b) 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of construction (Jun-2014) 
4. Prior to the start of construction (see item ID 10 for 


detail) 
5. Prior to the start of construction (Jun-2014) 
6. Prior to the start of operations (scoping 01/2015; 


beginning of the study if authorized 07/2015; 
baseline 03/2016; impact assessment 09/2017) 


7. Prior to the start of operations (see item ID 13b) 


Points 1, 2, 3, 4, 5: 
Ongoing 
Point 6: 5% 
Point 7: Not started 


- 


2 Occupational Health and Safety 
analyses 


Job hazard analysis (JHA) for each position aimed at 
drafting OHS procedures 


Prior to the start of operations (07/2017) Not started - 


3 Process safety Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014)  Completed - 


4 QRA  1. Hazard QRA study 
2. Oil spill dispersion modelling study 


1. Prior to the start of operations (04/2016) 
2. Prior to the start of operations (04/2016) 


Not started - 


5 Environmental and Social 
Management System  


1. Development strategy for ESMS preparation including 
submission of an organogram related to STAR and 
contractor organization 


2. Guidelines for defining an ESMS appropriate to the 
nature and scale of the Project –EPC phase 


3. STAR ESMS, – EPC phase 
4. YearlyError! Bookmark not defined. external report 
5. Guidelines for defining an ESMS appropriate to the 


nature and scale of the Project –Operation phase 
6. STAR ESMS– Operation phase 
7. YearlyError! Bookmark not defined. external report 


1. Prior to the start of construction (mid-May 2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of construction (Jun-2014) 
4. YearlyError! Bookmark not defined. from 


06/2016 referring to 2015 
5. Prior to the start of operations (10/2017) 
6. Prior to the start of operations (07/2017) 
7. YearlyError! Bookmark not defined. from 


06/2019 referring to 2018 


Points 1, 2: Submitted 
to DA for review at the 
end of May 
Point 3: Ongoing 
Points 4, 5, 6, 7: Not 
started 


- 


6 Stakeholder Engagement Plan 


1. Submission of grievance mechanism  
2. Submission of revised version of the SEP for the 


construction phase, including the grievance 
mechanism 


3. Updated SEP for operation phase 
4. Submission of records of consultation activities and 


grievances 
5. Preparation and distribution of communication 


material for feedback to affected communities 


1. Prior to construction (mid-May 2014)  
2. Prior to start of the construction (Jun-2014) 
3. Prior to operation (07/2017) 
4. on Lenders request from now 
5. Quarterly during construction (starting from revision 


of the SEP); annually during operation 


Point 1: Submitted to 
DA for review at the 
end of May 
Points 2, 4: Ongoing 
Points 3, 5: Not started 


- 


7 Emergency Response Plan  Emergency Response Plan Prior to the start of operations (07/2017) Not started - 
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ESAP 
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT 


COMPLETED (**) 
DELAY 
(months) 


8 Employment policy and procedures  


1. Guidelines for EPC Contractors – Construction phase 
2. Local workforce recruitment plan 
3. Employment plan – Construction phase  
4. Employment plan – Operation phase  


1. Prior to the start of constructions (mid-May 2014) 
2. Prior to the start of constructions (Jun-2014) 
3. Prior to the start of constructions (Jun-2014) 
4. Prior to the start of operations (10/2016) 


Points 1, 2, 3: Ongoing 
Point 4: Not started 


- 


9 Occupational Health and Safety 
procedures  


1. OHS procedures- construction phase 
2. OHS procedures – operation phase 
See AP Item ID n° 2 for the JHA analysis 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of operations (01/2017) 


Point 1: Ongoing 
Point 2: Not started 


- 


10 Supply Chain Management Plan Supply Chain Management Plan Prior to the start of construction (Jun-2014) Ongoing - 


11 Resource Efficiency Management 
Plan  


1. Guidelines to the EPC contractors 
2. IPPC/BREF compliance deviation report 
3. Resource efficiency management plan – construction 


phase 
4. Resource efficiency management plan – Op. phase 


1. Prior to the start of construction (mid-May 2014) 
2. (12/2014) 
3. Prior to the start of construction (Jun-2014) 
4. Prior to the start of operations (07/2017) 


Points 1, 3: Ongoing 
Points 2, 4: Not started 


- 


12 GHG Management Plan 


1. GHG management Plan 
2. AnnualError! Bookmark not defined. reports on 


GHG emissions 


1. Prior to the start of operations (07/2017) 
2. AnnuallyError! Bookmark not defined. from the 


start of operation (first report at Q1 2019 referring to 
2018) 


Not started - 


13a Air emissions - Prevention and 
Control into the Refinery fences  


3. Guidelines to the EPC contractors 
4. Air Emission Monitoring Plans 


1. During design (Jun-2014) 
2. Prior to the start of the operation (07/2017) 


Point 1: Ongoing 
Point 2: Not started 


- 


13b Air emissions - Air Quality 
Monitoring program 


3.  
a) Ambient Air Quality Monitoring Plans 
b) Results of the Ambient Air Quality Monitoring 


campaigns  
c) Design of the permanent monitoring system and 


preparation of procurement strategy 
d) Procurement and installation of the permanent 


monitoring system – progress of activities report 
e) AnnualError! Bookmark not defined. air quality 


monitoring report 


3.  
a) Jun-2014 – 05/2015 
b) 07/2015 
c) 09/2015 
d) 10/2015 - 06/2016 
e) YearlyError! Bookmark not defined. from 


01/2017 


Point 3a): 5% 
Points 3b), 3c), 3d), 3e): 
Not started 


- 


14 Sea water and monitoring 
groundwater plan 


1. Sea Water Quality Monitoring Plan 
2. Groundwater Quality Monitoring Plan 
3. QuarterlyError! Bookmark not defined. monitoring 


reports 


1. Prior to the start of jetties construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. QuarterlyError! Bookmark not defined. from 


03/2015 (for sea water) 
QuarterlyError! Bookmark not defined. from 
03/2017 (for groundwater) 


Points 1, 2: Ongoing 
Point 3: Not started 


- 


15 Waste water management  
1. Guidelines to the EPC contractors 
2. Wastewater management plan – Construction phase 
3. Wastewater management plan – Operation phase 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of operation (07/2017) 


Points 1, 2: Ongoing 
Point 3: Not started 


- 
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ESAP 
ITEM DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT 


COMPLETED (**) 
DELAY 
(months) 


16 Soil and Contaminated land 
management  


1. Guidelines to the EPC contractors 
2. Soil management plan- Construction phase 
3. Soil management and reinstatement plan – Op. phase 
4. Soil quality monitoring program 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of operation (02/2017) 
4. Prior to the start of operation (03/2017) 


Points 1, 2: Ongoing 
Points 3, 4: Not started 


- 


17a Noise Prevention and Control - 
Source emissions  


1. Noise Prevention and Management Plan – 
Construction phase 


2. Noise Prevention and Management Plan – Operation 
phase 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of operation (06/2017) 


Point 1: Ongoing 
Point 2: Not started 


- 


17b Noise Prevention and Control – 
Immission  


1. Noise Monitoring Plan – Construction phase 
2. Noise Monitoring Reports- Construction phase 
3. Noise Monitoring Plan – Operation phase 
4. Noise Monitoring Reports- Operation phase 


1. Prior to the start of construction (Jun-2014) 
2. Every two yearsError! Bookmark not defined. 


from 03/2015 
3. Prior to the start of operation (07/2017) 
4. Every two yearsError! Bookmark not defined. 


from 04/2018 


Point 1: Ongoing 
Points 2, 3, 4: Not 
started 


- 


18 Fugitive Particulate Matter  1. Guidelines to the EPC contractors 
2. Dust emission prevention management plan 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 


Points 1, 2: Ongoing  - 


19a Waste management  
1. Guidelines to the EPC contractors 
2. Waste management plan – construction phase 
3. Waste management plan – operation phase 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of operation (04/2017) 


Points 1, 2: Ongoing 
Point 3: Not started 


- 


19b Plans to manage hazardous 
materials 


1. Guidelines to the EPC Contractors  
2. Hazardous materials management plan - construction 


phase  
3. Hazardous materials management plan - operation 


phase 


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 
3. Prior to the start of operation (09/2017) 


Points 1, 2: Ongoing 
Point 3: Not started 


- 


20 Workers and Community Health 
management plans 


1. Preliminary baseline of transmittable diseases (1) 
Workers Health Management Plan for Construction (1) 


2. Community Health Management Plan (2) 
Workers Health Management Plan (2) 


1. Prior to start of the construction (Jun-2014) 
2. Prior to start of the operation (07/2017) 


Point 1: Ongoing 
Point 2: Not started 


- 


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Ongoing - 


22 Security Management plan  1. Security Management Plan – Construction phase 
2. Security Management Plan – Operation phase 


1. Prior to the start of the construction (Jun-2014) 
2. Prior to the start of the operation (07/2017) 


Point 1: Ongoing 
Point 2: Not started 


- 


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Ongoing - 


24 Terrestrial Flora and Fauna 
Management Plan 


1. Report on the terrestrial field surveys  
2. Terrestrial Flora and Fauna Management Plan  


1. Prior to the start of construction (Jun-2014) 
2. Prior to the start of construction (Jun-2014) 


Ongoing - 


25 Invasive alien species prevention Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-2014) Ongoing - 


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014)  Ongoing - 
(*)  Date defined for issuing the first revision of the plan/procedure/report expected 
(**) “Ongoing” is indicated for the documents that at the end of June 2014 were still in draft and have been finalized by the end of August 2014. 
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4.0 COMPLIANCE WITH ESMPS 


The objectives of the present section are: 


- To update Lenders on the status of activities to achieve the implementation of the 
ESMPs; 


- To provide highlights of the work performed during the considered six month or one 
year period, whichever is applicable; 


- To recognize notable accomplishments in the implementation of plans and /or point 
out possible inconsistencies with the ESMPs timing activities.  


The implementation of Plans and Procedures due by the end of August, if not already 
started without a formal document issued, will start immediately after document issuing.  


The Plans and Procedures to be implemented are detailed in the following subsections, 
one for each Plan/Procedure required by the ESAP; relevant ESAP Items ID are indicated 
in brackets in the subtitle. 


4.1 Dumping site 
management 


and 
reinstatemen


t plan 


(Item 1) 


This Management Plan is to be issued by the end of August 2014.  


4.2 Stakeholder 


Engagement 
Plan 


(Item 6) 


The update of the SEP is to be finalized by the end of August 2014. The stakeholder 
meetings that have been performed after the ESIA disclosure are : 


Public 
Meeting 


06/12/2013 Aliağa Chamber of 
Commerce, Aliağa 


STAR Refinery Project 
Presentation - EIA for 
Additional Tank Capacity 
and Utilities  


Stakeholder 
Meeting 


14/05/2014 İzmir Environment and 
Urbanization Directorate, 
İzmir 


Meeting of STAR Refinery 
Presentation and Civil and 
Environment Permits 
Enlightenment of Project  


Stakeholder 
Meeting 


30/05/2014 İzmir Metropolitan 
Municipality Department 
of Fire Brigade , İzmir 


Meeting of STAR Refinery 
Fire System Enlightenment  


 


4.3 Emergency 


Response 
Plan 


(Item 7) 


This Plan is due prior to the start of operations [Jul. 2017] 
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4.4 Labour and 


Working 
conditions 


plans and 
procedures 


(Item 8) 


This Management Plan is to be issued by the end of August 2014.  


4.5 Occupational 
Health and 


Safety 


procedures 
(Item 9) 


Guidelines for these procedures are to be issued and finalized within end of August.  


The EPC Contractor has been producing OHS procedures and implementing these 
procedures with the approval of STAR. They will be producing additional procedures 
and implement any required improvements with the finalization of ESMS system and 
guidelines by the end of August.  


4.6 Supply Chain 


Management 
Plan 


(Item 10) 


This Management Plan is to be issued by the end of August 2014.  


4.7 Resource 
Efficiency 


Management 
Plan 


(Item 11) 


This Management Plan is to be issued by the end of August 2014.  


4.8 GHG 
Management 


Plan 
(Item 12) 


This Plan is due prior to the start of operations [Jul. 2017] 


4.9 Air emissions 


- Prevention 
and Control 


into the 


Refinery 
fences 


(Item 13a) 


This Plan is due prior to the start of operations [Jul. 2017] 


4.10 Air emissions 


- Air Quality 


Monitoring 
program 


(Item 13b) 


This Management Plan is to be issued by the end of August 2014.  
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4.11 Sea water 


and 
groundwater 


monitoring 
plan 


(Item 14) 


This Management Plan is to be issued by the end of August 2014.  


4.12 Waste water 
management 


(Item 15) 


This Management Plan is to be issued by the end of August 2014.  


4.13 Soil and 
Contaminate


d land 
management 


(Item 16) 


This Management Plan is to be issued by the end of August 2014.  


4.14 Noise 
Prevention 


and Control - 


Source 
emissions 


(Item 17a) 


This Management Plan is to be issued by the end of August 2014.  


STAR retained the local consultant ÇEVTEST Ölçüm Lab. to perform noise monitoring 
as per the local EIA consent. The last noise monitoring was carried out on 29.04.2014. 


 


4.15 Noise 


Prevention 


and Control 
– Immission 


into the 
environment 


(Item 17b) 


This Management Plan is to be issued by the end of August 2014.  


4.16 Fugitive 
Particulate 


Matter 
(Item 18) 


This Management Plan is to be issued by the end of August 2014.  


STAR has retained the local consultant ÇEVTEST Ölçüm Lab to perform PM and 
settled dust monitoring as per the local EIA consent. The latest monitoring activities has 
been carried out as detailed below: 


- PM10 Monitoring, on 06.06.2014 - 07.07.2014 
- Settled dust Monitoring on 24.04.2014 - 24.06.2014 


   
4.17 Waste 


management 
plan 


(Item 19a) 


This Management Plan is to be issued by the end of August 2014.  
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4.18 Hazardous 


materials 
management 


plan 
(Item 19b) 


This Management Plan is to be issued by the end of August 2014.  


4.19 Workers and 


Community 
Health 


management 


plans 
(Item 20) 


This Management Plan is to be issued by the end of August 2014.  


4.20 Traffic 
management 


plan 


(Item 21) 


This Management Plan is to be issued by the end of August 2014.  


4.21 Security 


Management 


plan 
(Item 22) 


This Management Plan is to be issued by the end of August 2014.  


4.22 Biodiversity 
Action Plan 


(Item 23) 


This Management Plan is to be issued by the end of August 2014.  


4.23 Terrestrial 
Flora and 


Fauna 


Management 
Plan 


(Item 24) 


This Management Plan is to be issued by the end of August 2014.  


4.24 Invasive 


alien species 


prevention 
(Item 25) 


This Management Plan is to be issued by the end of August 2014.  


4.25 Chance find 


procedure 
(Item 26) 


This Management Plan is to be issued by the end of August 2014.  
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4.26 Additional 


plans/proced
ures included 


in the ESMS  


Additional procedure are: 


- Audit and non-conformities procedure 
- Training and awareness procedure 
- Management of change procedure 
 
These procedures are to be issued by the end of August 2014 
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5.0 CONCLUSIONS  


The Project is in compliance with the requirements stipulated in the EIA consents. 


The Project is following the requirements of the ESAP and ESIA.  


 


6.0 UPDATE OF END OF AUGUST 2014 


Further to the information provided in the section 3, 4 and 5 that are related to the 
activities performed by the end of June 2014 (end of half financial years); this paragraph 
has been added by the end of August 2014 to provide an update of the work progress of 
documentation development due by the end of August. 


By 28 August 2014, all the documentation that is meant to be due by the end of August 
2014 has been actually submitted to the Lender’s advisor and has been approved by 
Lenders’ advisor (in some cases with minor comments). 


The Table in Attachment 3 of this report provides the timeline for: 


 the documentation submission from Star/Golder to Lenders’ advisors; 


 the documentation review by Lenders’ advisors; 


 the documentation revision/amendment by STAR/Golder; and 


 the documentation approval by Lenders’ advisor. 
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ATTACHMENT 1  


ENVIRONMENTAL AND SOCIAL ACTION PLAN 
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ATTACHMENT 2  


 


EIA MONITORING REPORT (App4 /Ek4) – June 2014 
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ATTACHMENT 3 – WORK PROGRESS TABLE AT THE END OF AUGUST 2014 (28th of August 2014) 


ITEM PLAN Golder to 


Dapp 
Dapp To 
Golder 


Golder to 
Dapp 


Dapp To Golder Golder 


to 


Dapp 


Dapp To 
Golder 


- 


ESHS Policies 5 August 


25 August 
APPROVED 
MINOR 
COMMENTS 


        


01.1 and 01.3 
Associated facilities and Supply 
chain IA 


6 August 


26 August 
APPROVED 
MINOR 
COMMENTS 


        


01.2 


Dumping areas MP 6 August 


26 August 
APPROVED 
MINOR 
COMMENTS 


        


01.4 10 Supply chain MP 14 July 21 July 5 August 25 August 
APPROVED 


    


2 Risk Assessment 27 June 3 July 28 July 
1 August 
APPROVED 


    


02 JHA procedure 11 July 21 July  APPROVED       
5 ESMS Manual 27 May 10 June 15 July 


1 August 
APPROVED 


    


5 


Audit Procedure 20 June 21 July 23 July 


1 August 
NotAPPROVED 
(Clarifications 
needed in the 
audit program) 


6 
August 


19 August 
APPROVED 


05 Training Procedure 11 July 21 July 23 July 
1 August 
APPROVED 


    


6 
SEP 16 Jun 3 July 21 July 


1 August 
APPROVED 
MINOR 
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ITEM PLAN Golder to 


Dapp 
Dapp To 
Golder 


Golder to 
Dapp 


Dapp To Golder Golder 


to 


Dapp 


Dapp To 
Golder 


COMMENTS 
6 Grievance Mechanism 30 May 10 June 21 July 


1 August 
APPROVED 


    


8 Local Workforce Recruitment 17 Jun 26 June 5 August 6 August 
APPROVED 


    


08 Employment  23 July 28 July 6 August 8 August 
APPROVED 


    


9 OHS Plan 30 June 14 July 5 August 6 August 
APPROVED 


    


11 


Resource Efficiency 16 Jun 23 June 21 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


13a See Item 18 x x x x x x 
14 


Seawater Sediment 30 June 21 July 23 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


14b Groundwater Quality Monitoring 16 Jun 26 June 21 July 
1 August 
APPROVED 


    


15 Wastewater 1 July 14 July 21 July 
1 August 
APPROVED 


    


16 


Soil  14 July 21 July 28 July 


6 August 
APPROVED 
MINOR 
COMMENTS 


    


17 


Noise 16 Jun 26 June 21 July 


1 August NOT 
APPROVED 
(Measures for 
mitigating 
marine noise 


6 
August 


19 August 
APPROVED 
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ITEM PLAN Golder to 


Dapp 
Dapp To 
Golder 


Golder to 
Dapp 


Dapp To Golder Golder 


to 


Dapp 


Dapp To 
Golder 


during 
construction 
missing) 


18 


Dust and other emissions 17 Jun 3 July 23 July 


1 August NOT 
APPROVED 
(Sensitive 
receptors and not 
just humans, 
frequency of 
monitoring) 


6 
August 


19 August 
APPROVED 
MINOR 
COMMENTS 


19° 


Waste 27 June 14 July 28 July 


6 August NOT 
APPROVED 
(auditing waste 
disposal facilities 
before they are 
retained) 


6 
August 


19 August 
APPROVED 
MINOR 
COMMENTS 


19b 


Hazardous materials 4 Jun 25 June 15 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


20 Communicable_Diseases_Baseline 20 June 16 July  APPROVED       
20 


Communicable_Diseases_WHP 11 July 16 July 28 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


21 


Traffic 27 June 21 July 28 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


22 Security 30 June 3 July 21 July 
1 August 
APPROVED      
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ITEM PLAN Golder to 


Dapp 
Dapp To 
Golder 


Golder to 
Dapp 


Dapp To Golder Golder 


to 


Dapp 


Dapp To 
Golder 


23 


Marine Biodiversity 27 June 21 July 28 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


24 


Terrestrial Flora and fauna 4 July 21 July 6 August 


8 August NOT 
APPROVED 
(monitoring 
fauna in 
proximity of 
dumping area 
Güzelhisar D and 
wetland) 


8 
August 


19 August 
APPROVED 


25 


Alien Species 30 June 21 July 28 July 


1 August 
APPROVED 
MINOR 
COMMENTS 


    


26 Chance Find Procedure 23 July 28 July 5 August 6 August 
APPROVED 
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1.0 INTRODUCTION 


STAR Refinery A.S is planning to build an oil refinery named Aegean Refinery ( “the Project”) with the 


capacity of processing 10 million tons of crude oil per year in Aliağa Town of İzmir Province, on the Aegean 
coast of Turkey. 


The proposed Project Site is located in an industrial district and on the land of Petkim Petrokimya 


Holding A.Ş..  The Project Site is adjacent to the present Petkim Petrochemicals Complex and Tüpraş İzmir 
Petroleum Refinery. 


A local Environmental Impact Assessment (EIA) study along with the requirements of Turkish Legislation has 


already been completed for the Project in 2009 and the Project has been permitted by the Turkish Ministry of 


Environment and Forestry by development consent.  The Energy Market Regulatory Authority (EMRA) of 
Turkey granted a 49 year Refining License to STRAŞ in June 2010. 


Golder Associates S.r.I (Italy), together with its subcontractor Golder Associates Ltd Şti. (Turkey) (“Golder”) 


was contracted by STRAŞ in July 2010 to conduct an Environmental and Social Impact Assessment (“ESIA”) 


Study along with international requirements.  The ESIA study was to be based on the studies conducted 


during the local EIA, but upgraded along with the requirements of International Financing Agencies, 
particularly requirements of Equator Principles and IFC. 


1.1 Climate Change 


The temperature of the Earth’s atmosphere is dependent on the concentration of a range of gases in the air, 
known as greenhouse gases, which limit the amount of heat received by the Earth that is lost back to space.  
Carbon dioxide (CO2) is the greenhouse gas found in the greatest concentration in the atmosphere.  The 
effectiveness of different greenhouse gases in trapping heat, known as their Global Warming Potential 
(GWP), is variable.  The GWP of a greenhouse gas is measured against that of CO2 and is given an 
equivalent rating (CO2e). 


A stable concentration of greenhouse gases in the atmosphere leads to a stable climate.  Changes in 
atmospheric greenhouse gas concentration result in alterations to global cycles including weather patterns 
and sea level height that are driven by air temperature, with consequences for ecosystems across the globe. 


There is strong evidence that the Earth’s climate is warming [UNFCCC, 2009].  Whilst fluctuations in 
greenhouse gas concentrations occur as a result of natural processes, the current acceleration in the rate of 
temperature rise is widely accepted as attributable to human activities, notably the burning of fossil fuels 
such as coal and natural gas. 


1.2 Project Description 


The Aegean Refinery Project is a grassroots refinery project with a processing capacity of 10 million tons of 
crude oil per year.  Primary goals of the Project are summarized below: 


� To ensure the continuity of supply for Petkim Petrochemical Complex by meeting the raw material 
demand in an economic and reliable manner; 


� To produce Ultra Low Sulphur Diesel (ULSD) and jet fuel for the domestic market which is currently 
experiencing a vast amount of supply deficiencies; 


� To create additional synergy by establishing Refinery - Petrochemicals integration; 


� To add value for national economy through production, trading, employment, logistics, etc.; and 


� To contribute to reduction of the foreign trade deficit of the country. 


Main products of the STAR Project are petrochemical feedstock, namely naphtha, Liquid Petroleum 


Gas (LPG) and mixed xylenes, that would meet the raw material needs of Petkim and the fuel products, 


namely ULSD and jet fuel/kerosene.  The by-products of STAR, petroleum coke and elementary sulphur, 
would be introduced to both domestic and international markets. 
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Petkim’s, water, as well as the solid waste disposal facility (incinerator) will be used to provide service and 
support for the STAR Project.  The capacity of these facilities will be increased when necessary. 


The integration of the Project and Petkim facilities will result in significant synergies due to collective use of 


existing Petkim utilities and planned upgrades.  The services and/or utilities that will be procured from Petkim 


over the fence include steam, process water, and nitrogen.  The Project Site has been mapped out within the 


confines of the existing Petkim process area and tank farms.  Petkim’s existing naphtha and fuel oil tanks at 
the Project Site will be utilized by STAR. 


Moreover, Petkim plans to shut down the Platformer and Tatoray units of its Aromatics complex as STAR 


starts to provide feedstock (mixed xylenes) to the Aromatics.  Both of these technologically obsolete units 


create significant barriers for sustainable operations of the entire Aromatics production.  In addition to 


provision of reliable and economic feedstock from STAR to the Aromatics, demolishment of these units will 


spare space for future expansions of the complex through state-of-the art technologies and will further boost 


the performance of the entire complex.  Shutdown of these units will result in a considerable reduction in 


VOC and CO2 emissions with the replacement of the state-of-the art technologies in STAR.  Also, most of the 


existing Health, Safety and Environment (HSE) conditions at these units that do not comply with the 
European Union standards will be replaced by the improved HSE conditions in the STAR. 


The impact assessments in this upgraded ESIA were mainly based on the Project assumptions, 


investigations and calculations/analysis done by the local EIA.  The local EIA was based on the Project 


characteristics according to the preliminary Conceptual Design in early 2009.  While the ESIA is being 
completed, Front End Engineering Design (FEED) is ongoing. 


STAR Project was designed with the state-of-the-art processing technology that is economically viable and 


environmentally sustainable.  Environmental protection, reliability and process safety by the Project design, 


and social welfare and public participation in construction and operation stages will be incorporated.  


Equipment will be selected to meet internationally acknowledged design codes and standards; quality and 
safety features will be included in all aspects of the Project operations. 


It is predicted that the Detailed Engineering/Procurement/Construction (EPC) period including 


commissioning and start-up activities for the Project will be 3.5-4 years.  The operating period of the project 
is expected to be 49 years.  This period of service life can be extended by maintenance and renewal. 


1.3 Site Location 


The Project Site is located in the district of Aliağa within İzmir Province in the Aegean Region of Turkey.  


Aliağa is at a distance of 60 km north to İzmir and surrounded by the city of Manisa on the east, Menemen 


County on the south and a touristic town, Foça, on the southwest.  Aliağa is a concentrated industrial area 


and can be considered as the hub for heavy industries in the west of Turkey consisting of oil refining, 


petrochemicals, iron and steel manufacturing plants, ship breaking facilities and various other industrial 
facilities. 


The Project Site is located at Aliağa Peninsula that is surrounded by Aliağa Town to the east, Aegean Sea at 


west, Nemrut Bay at south and Aliağa Bay at north.  The Peninsula hosts Petkim facilities, Tüpraş İzmir 


Refinery, a number of deep sea port facilities, jetties, oil terminals and ship breaking facilities.  The Projects 


Site is bordered by the Petkim facilities at east and south, and Tüpraş İzmir Refinery at east and north.  


Several ship breaking facilities exist at the northwest of the Peninsula.  Aliağa town centre is located some 
5 km to the east of the Project Site. 


The Project’s land based components will require a total of approximately 137.5 ha of land.  The elevations 


on the Project Site range from 15 m to 100 m which require considerable amount of preparation activities 


including excavation, backfilling, terracing and construction of retaining walls.  Existing on-site storage 


spheres will be dismantled and removed to another location by Petkim prior to site preparation activities.  
Existing warehouse buildings will be demolished. 


The land at which the Project Site is located is an industrial zone as per the 1/5,000 scaled regulatory 


development plan approved by the Ministry of Public Works and Settlement on 18 September 1985.  It is 
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located outside of forestland according to Izmir Regional Directorate of Forestry.  Having Aliağa Town at 


5 km to the east, the closest settlements to the Project Site are Petkim and Tüpraş lodgements at ~2.5 km 


southeast and east respectively.  A number of summer houses and beaches are located to the north of 


Aliağa Town and Aliağa Bay, and far south to the Project Site at southern coasts of Çandarlı Gulf, close to 
New Foça Town. 


As is the case in many sites in the Aegean Region of Turkey, Aliağa has been settled since ancient times.  


Kyme antique site of 3
rd


 degree protection is located at ~5 km southeast of the Project Site.  The small scale 


Aliağa Bird reservation area is located at ~5 km to the northeast.  No environmentally protected areas exist 
in the vicinity. 


1.4 Process Description 


The Project will procure crude oil and natural gas as feedstock.  Crude oil will be refined and converted into 


products whereas natural gas will be used as feedstock for the hydrogen plant and as fuel in various refining 


operations.  The remainder of the fuel requirement will be supplied by fuel gas, an internal product yielded 


from upgrading processes.  STAR will mainly produce naphtha, LPG, mixed xylenes, ULSD, jet 


fuel/kerosene, reformate and petroleum coke.  Limited amounts of unconverted oil and elementary sulphur 


can be considered as by-products.  Naphtha and LPG will be sent to Petkim as feedstock to their steam 


cracker for the production of olefins.  The mixed xylenes will be provided to Petkim Aromatics complex as 


feedstock.  The remaining products and by-products will be introduced to domestic and international 
markets.  No gasoline production and fuel oil production is planned. 


The planned facility, which will process 214,000 barrels of crude oil per day, consists of 14 process units, 


associated storage tanks for feedstock and products and various off-site facilities including a jetty for crude 


unloading and product dispatch and utility systems to augment the infrastructure that is in place at the site 


currently. Pressurized steam, and low pressure nitrogen supply will be handled by Petkim along with various 
utilities. 


STAR configuration has a series of process units starting from crude oil distillation to main upgrading units 


along with desulphurization and additional treatment plants.  The Crude and Vacuum Distillation Units (CDU 


and VDU) are the initial processing units, which distil crude oil into main streams of hydrocarbons according 


to their boiling points.  The major conversion unit of the configuration is Hydrocracker Unit (HCU).  HCU 


enables maximizing the middle distillates (diesel and kerosene) production, yields petrochemical naphtha for 


Petkim’s steam cracker and heavy naphtha to be further processed in the Continuous Catalytic Reformer 


(CCR) within STAR.  CCR yields mixed xylenes to be transferred to Petkim’s Aromatics Complex as 


feedstock and reformate to be exported as motor gasoline blendstock.  The CCR is also able to produce 
hydrogen, which is critical to process feedstock in different units including the HCU and hydrotreaters. 


A Delayed Coker Unit (DCU) is selected as the most adequate option for the bottoms upgrading so as to 


process the heaviest stream coming out of distillation units.  The DCU converts the bottoms of barrel into 


lighter feed streams to the HCU, hydrotreaters, LPG saturation units, and yields petroleum coke, which will 


be an export product of STAR.  Other than the HCU, CCR and DCU, STAR’s configuration comprises diesel, 


kerosene and naphtha hydrotreaters to desulfurise the acidic feed streams into ULS final products meeting 


the environmental standards.  A Hydrogen Unit (HGU) is included in the refinery configuration to supply the 


hydrogen requirement of processing facilities.  HGU converts natural gas into hydrogen and produces steam 


for internal usage.  The HCU and CCR units also have internal hydrogen production capabilities via PSA 
units within their battery limits. 


Main liquid waste originated from the Project operations will consist of process waste water, domestic waste 


water, storm water and contaminated water from the site surface and cooling water from units.  A new 
WWTU will be built to manage the waste waters from the facility. 


STAR will have much of its own internal support utility systems but it will be augmented and supported by 


facilities owned by Petkim such as water supply, steam generation housing facilities, infrastructure, security, 


medical services, and fire protection.  The utility consumption will be supplied by Petkim either through their 


excess capacity in the existing facilities or new installations planned to be operational by commissioning of 
the Project process units. 
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Marine transportation of the raw material and products associated with STAR operations will be performed 


utilizing the jetties to be installed by STAR as an extension to the existing Petkim Port.  A preliminary design 


was made for the extensions and an EIA Study was conducted in 2010.  The EIA was approved by the 


Ministry of Forestry and Environment and “EIA is Positive” decision (the development consent) was made for 
the extension project.  Detailed designs for the extensions are currently being prepared.  


2.0 RELEVANT LEGISLATION AND GUIDANCE 


2.1 International Finance Corporation (IFC) 


The following IFC documents have been used in this assessment: 


� Environmental Health & Safety Guidelines. General EHS Guidelines: Environmental, 2007; 


� Environmental Health & Safety Guidelines. Oil Refining. Environmental Health & Safety Guidelines for 
Petroleum Refining, 2007; and 


� Environmental Health & Safety Guidelines. Crude Oil & Petroleum Product terminals. Environmental 
Health & Safety Guidelines for Crude Oil and Petroleum product terminals, 2007; 


2.2 Kyoto Protocol 


The general principle of Kyoto is that the signatory parties should decrease their GHG emissions by 5.2% of 


the 2009 amount until the end of 2012.  After 2012, a new agreement and new emission limits will come into 
place. 


Turkish Parliament accepted to be a signatory of Kyoto Protocol in February 2009.  However, Turkey is not a 
party in the Protocol, and thus has no commitment until the end of 2012. 


3.0 BASELINE 


An estimation of current GHG emissions from the Petkim facility was proposed but insufficient data was 


provided to allow a comparison.  However, Petkim plans to shut down the Platformer and Tatoray units of its 


aromatics complex as STAR starts to provide feedstock to the aromatics.  Shutdown of these units will result 


in a considerable reduction in VOC and CO2 emissions with the replacement of the state-of-the-art 


technologies in STAR.  Limited portion of the steam for the STAR refinery requirements will be provided by 


the existing facility of Petkim. STAR will produce High Pressure steam with a steam boiler unit at STAR site 


to meet the total steam requirements of the refinery. The power will be supplied by two independent 155 kv 
feeders from national power grid.  


4.0 METHODOLOGY AND EMISSIONS FACTORS 


The GHG emissions assessment has been undertaken following the American Petroleum Institute (API) 


Compendium of Greenhouse Gas Emissions Methodologies for the Oil and Natural Gas Industry, 2009.  The 


document contains commonly used methodologies which facilities can use to calculate their GHG emissions.  


The document focuses primarily on the emissions of CO2, CH4 and N2O as these are the most relevant to oil 


and gas facilities.  The document contains guidance on which methodology to choose based on the available 
data and states the relevant emissions factors. 


For the majority of emissions calculations, there are a number of methods and emissions factors available; 


one is generally a simplified approach where less detailed information is required and there are more 


complex options requiring a greater level of detail.  Due to the data available, the assessment has been 


undertaken mainly using the simplified emissions methodologies but these are sufficient to give indicative 


calculations based on the preliminary design of the facility.  Once the facility is operational, it may be 
possible to revise the assessment using the finalised operational data. 


The simplified calculations methods used in this assessment are based on data from a wide range of 


facilities and therefore will incorporate a large uncertainty band, in addition to the stated uncertainty for 


certain emission factors.  Due to the uncertainty and conservative nature of the simple emissions factors 
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there are likely to be overestimates in the calculation of emissions and as more detailed calculation 
methodologies are used (once detailed operational data is available) the predicted emissions should reduce. 


The following sections outline the methodologies used for undertaking the assessment calculations. 


4.1 Fugitive Emissions (Facility Level) 


Fugitive emissions may be released from, but not limited to, the following components: valves, flanges, 


seals, pipe work, drains, sample ports etc.  Emissions factors exist to determine the potential releases and 


this can be calculated on a facility level.  This methodology is generally acceptable for refineries as they only 


generate small amounts of CH4 and the contribution of these fugitive emissions to the overall refinery 
emissions are likely to only be small. 


Table 1 details the emissions factors for calculating the whole facility fugitive emissions for facilities with a 


natural gas system with a daily throughput of between 100,000 and 199,000 barrels per day.  The Site is 


estimated to process 214,000 barrels per day of crude oil, which equates to an estimated 78,110,000 barrels 


per year.  This is slightly greater than those the emissions factors are supplied for but is used in the absence 
of any other suitable factor. 


Table 1: API Table 6.2 - Fugitive Emissions for Whole Facility Based on Throughput (API Table 6-2) 


Natural gas system 100,000-199,000 bbl (barrels)/day 
1.01E-06 Tonnes CH4 bbl feedstock 


6.34E-06 Tonnes CH4/m
3
 feedstock 


4.2 Combustion 


There are twenty furnaces proposed for the facility located in a number of process units.  Emissions from the 


furnaces are estimated based on the projected fuel gas consumption of each unit. To do this, the energy 


input to each furnace (J/yr) is calculated from the fuel gas flow, based on assumed density and latent energy 


properties of fuel gas. The estimated CO2, N2O and CH4 emissions are then calculated based on the 
emissions factor reported in API, as reported in Table 2. The calculation steps are detailed below. 


1) Fuel gas (Kg/hr) / Assumed density (Natural Gas processed from API Guidance Table 3-8) = 
conversion to flow m


3
/hr 


2) Flow m
3
/hr * Assumed HHV (Natural Gas processed from API Guidance Table 3-8) = conversion to flow 


J/hr; 


3) Flow J/hr * 24* 365 = conversion to J/yr and 


4) Calculate emissions t/year = * emission factor (tonnes/ 10
12


 J(HHV)) 


The relevant emissions factors are detailed below in Table 2. 


Table 1: CO2 Combustion Emission Factors (Fuel Basis) for Common Industry Fuel Types  
(API Table 4-3) 


Fuel 
Emission Factor SI Units 


Tonnes/10
12


 J (HHV) 


Natural gas (pipeline) CO2 50.3 


4.3 Flares 


There are a total of seven flare stacks planned for the facility but two of these are back- up stacks which will 


only be operated when the equivalent permanent flare is unavailable.  The emissions calculation 


methodology applied in this assessment are based on the annual throughput of the whole facility as detailed 


in Table 3.  The emissions factors are for facilities in developed countries or countries where systems are 
designed, operated and maintained to North American/Western European standards. 
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Table 2: GHG Emission Factors for Gas Flares in Developed Countries (API Table 4-11) 


Source CO2 
Uncertainty 
% 


CH4 
Uncertainty 
% 


N2O 
Uncertainty 
% 


Units 


Flaring- 
Refining 


No 
data 


No data 2.28E-05 No data 
No 
data 


No data 
Tonnes/1000


 
m


3 


refinery feed 


4.4 Tanks 


There will be -59 storage tanks in permanent use at the facility, which will be newly constructed.  The storage 


tanks will be for a combination of crude, intermediates, diesel, jet, naphtha, LPG, xylenes, reformate and 


other products.  The emission of green house gases from the storage tanks are negligible because of the 


characteristics of the heavy hydrocarbons and the crude oil stored is already transferred and transported 
from the point of extraction.  


4.5 WWT U 


Main liquid waste originated from the Project operations will consist of process waste water, domestic waste 


water, storm water and contaminated water from the site surface and cooling water from units. A new WWTU 
will be built to manage the waste water from the proposed facility. 


CH4, CO2 and N2O will likely be emitted by the WWTU and the emissions can be calculated using throughput 
data and the equations below: 


CH4 emissions 
 


 


                


ECH4 = [(Q x COD)-S] x B x MCF x 0.001 


       
Notes: ECH4 =  emission rate of CH4 (tonnes/yr) 


    Q = Volume of waste water treated (m
3
/yr) 


    COD = Average chemical oxygen demand of the waste water (kg/m
3
) 


  S = Organic component removed as sludge (kg COD/yr) 


  B = Methane generation capacity (B= 0.25 kg CH4/ kg COD) 


  MCF = Methane conversion factor  


   0.001 = Conversion factor kg to metric tonnes) 
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CO2 emissions 
 


 
              


ECO2 = WW Flow x 3.785412 L x BOD5 x 44 x tonne   


  gal 0.7 32 10
9 mg


   


    


where:  ECO2 = emission rate of CO2 (tonnes/ yr)   


  WW Flow = waste water flow rate (10
6
 gallons/yr)   


  BOD5 / 0.7= approximation of the ultimate BOD (m/L) 


  44/32 =  Oxygen to CO2 conversion factor   


 


N2O emissions 
 


            


  E N2O = Q x N x EFN2O  x 44 x 0.001 


  28 


Notes: EN2O = Emission rate of N2O (tonnes/yr) 


  Q = Volume of waste water treated (m
3
/yr) 


  N = Average concentration of N in effluent (Kg N/ m
3
) 


  EF N2O = Emission factor for N2O from discharged wastewater (0.005 kg N2O-N/kg N) 


  44/28 Conversion factor (kg N2O-N to Kg N2O) 


  0.001 = Conversion factor (kg to metric tonnes) 


 


4.6 Jetty 


Potential emissions related to the jetty will primarily be from transport and loading of tankers. The emissions 
factors required for the assessment are provided below in Tables 5- 7.   


Table 3: Simplified TOC Emission Factors for Loading Losses (API Table 5-12) 


Marine Loading- ships/ ocean barges 


units- converted Crude oil 


tonne TOC/10
6
 gal loaded 0.28 


tonne TOC/10
3
 (1,000)m


3
 loaded 0.073 
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Table 4: Average TOC Emission Factors for Crude Oil Ballasting Operations (API Table 5-13) 


comp. Condition before cargo 
discharge 


Average TOC emission factors for crude oil ballasting 


 


tonne TOC/10
6 
gal ballast 


water 
Tonne TOC/10


3
 m


3
 ballast 


water 


fully loaded 0.42 0.111 


short loaded 0.647 0.171 


typical overall 0.488 0.129 


 
Table 5: TOC Emission Factors for Marine Transit Losses (API Table 5-14) 


Units Crude Oil 


Tonne TOC/week - 10
6
 gal transported 0.57 


Tonne TOC/week - 10
3 
m


3 
transported 0.15 


 


4.7 Indirect Emissions  


4.7.1 Utilities and Services 


STAR will have much of its own internal support utility systems but it will be augmented and supported by 


facilities owned by Petkim such as water supply, steam generation, housing facilities, infrastructure, security, 


medical services, and fire protection. The utility consumption will be supplied by Petkim either through their 


excess capacity in the existing facilities or new installations planned to be operational by commissioning of 
the Project process units.  


The Project will require approximately 100 MWh electricity.  The electricity will be transferred to the Project 


Site through a new power transmission line.  The emissions from electricity generation will be indirect 


emissions as the generation and emissions are produced off- Site.  Table 8 contains the emissions factors 


from the API guidance document which is a generic emission rate for electricity production based on 
previous years.   


Table 6: OECD Member Country International Electric Grid Emissions Factors (Generation Basis) 
(API Table 7-5) 


Tonnes/10
6
 W-hr 


 
2003- 2006 Average Weighted Emission Factors 


CO2 0.443 


CH4 2.05E-05 


N2O 7.40E-05 


 


5.0 CALCULATIONS 


The calculations and result are presented in the following section along with the site specific data supplied 


and any assumptions which have been made.  These have been calculated by following the methodology in 
Section 4.2.    


5.1 Fugitive Emissions (Facility Level) 


The expected throughput of the facility is 214,000 barrels per day of crude to be processed which equates to 


78,110,000 barrels per year.  Once multiplied through by the emissions factor the predicted emissions of CH4 
are 78.9 tonnes CH4 per year.  
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Table 7: Calculation for Predicted Facility Level Fugitive Emissions 


Barrels of feedstock per year 78,110,000  


Emission Factor - tonnes CH4 bbl feedstock 1.01E-06 


Tonnes CH4 per year
1
 78.9 


Notes: 
1. Calculated by 78,110,000 * 1.01E-06 / barrels feedstock per year * emission factor 


 


5.2 Combustion 


The fuel consumption reported for each furnace and heater for the proposed facility are provided in Table 10 
along with the predicted emissions.   


Table 8: Calculation of Predicted CO2 Emissions from Combustion Sources (Furnaces and Heaters) 


UNITS: 
Fuel Gas 
(Kg/hr) 


Calculated CO2 equivalent 
t/yr 


Crude Distillation Unit (CDU)  15185 378,262 


Naphtha Hydrotreater (NHT) 1953 48,650 


Kerosene Hydrotreater (KHT) 917 22,843 


Diesel Hydrotreater (DHT) 1535 38,237 


Hydrocracker Unit (HCU)  7325 182,468 


 Continuous Catalyst Regeneration Reforming Unit 
(CCR) 


11240 279,991 


Delayed Coker Unit (DCU) 4479 111,573 


 Hydrogen Generation Unit (HGU) 14951 372,433 


Sulphur recovery Unit (SRU) 1254 31,237 


Steam Boiler Unit 8067 200,948 


Total 
 


1,666,643 


Notes: 


1. Calculated by e.g. CDU (15185 / 0.6723) * 380000000 * (24 * 365) / 10000000000000 * 50.3 (fuel gas / density * HHV * 


conversion to J/yr / 10
12 


* emission factor (natural gas pipeline) 


5.3 Flares 


The flare emissions are calculated based on the throughput of the facility and refining flare emissions factors 


exist for CH4 only.  As the emission factor is based on m
3
 refinery feed some conversion calculations have to 


be undertaken first, which are provided below. 


� Annual throughput = 78,110,000 barrels per year; and 


� M
3
/yr = Barrels per year * 0.1589873 (conversion factor for barrels to m


3
). 


Table 9: Calculation of CH4 Emissions (Tonnes/1000 m
3
 Refinery Feed) from Flares 


Flaring- Refining CH4 (tonnes/1000
 
m


3
 refinery feed) 2.28E-05 


CH4 emissions t/yr 0.28  


Notes: 


1. Calculated by (12418498/ 1000) * 2.28e-05 / Refinery feed m3/hr / 1000 * emission factor 
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5.4 WWT U 


For the calculation of emissions from the WWTU some site specific inputs are required which are detailed 


below in Tables 13-15 along with the results of the calculations.  Where data is available or the likely flow 


and the maximum design flow both of these have been calculated to provide a most likely and a ‘worst- case’ 
for emissions. 


CH4 emissions 


� waste water flow rate likely normal operation reported as 482m
3
/hr = 4,216,705 m


3
/ year; 


� waste water flow rate design maximum reported as 1011 m
3
/hr = 8,856,360 m


3
/ year; 


� COD has been taken as the discharge requirement of <150 mg/L which is taken from the Project Basis 


of Design WWT Unit (U-445).  150 is used for conservatism, although the actual quality should be better 
than this; and 


� As the organic component removed as sludge (kg COD/yr) is unknown we have assumed that there is 
no removal in order for the assessment to be conservative. 


Table 10: Predicted Emissions of CH4 (tonnes/year) from WWTW 


Waste Water CH4 (t/yr) 


(likely volume) = 4,216,705m
3
/yr 15,8 


(design maximum) 8,856,360 m
3
/yr 33,2 


Notes: 


1. Likely calculated by (3289380 * 0.15-0 ) * 0.25 * 0.1 * 0.001 / WWT volume (M3/yr) * COD – organic content removed as 


sludge * methane generation capacity * methane conversion factor * kg o tones conversion factor 


CO2 emissions 


� waste water flow rate likely normal operation reported as 482 m
3
/hr * 264.2 = 127,345gallons per hour = 


1,114,053,517 gallons/ year; 


� waste water flow rate design maximum reported as 1011 m
3
/hr * 264.2 = 267,106 gallons per hour = 


2,339,850,312 gallons/ year; and 


� BOD5 has been taken as the discharge requirement of <30 mg/L which is taken from the Project Basis 


of Design WWT Unit (U-445).  30 is used for conservatism, although the actual quality should be better 
than this. 


Table 11: Predicted Emissions of CO2 (tonnes/year) from WWTW 


Waste Water CO2 (t/yr) 


(likely volume) 1,114,053,517 gallons/yr 248.6 


(design maximum) 2,339,850,312 gallons/yr 521.9 


Notes:  


1. Likely calculated by (869054196 * 3.79) * (30/ 0.7)* (44/ 32)*(1/ 1
9
) / Flow per year (gallons) * conversion factor to L* 


(approximation of ultimate BOD) * (Oxygen to CO2 conversion factor)* conversion to tonnes 


N2O emissions 


� waste water flow rate likely normal operation reported as 376 m
3
/hr = 3,289,380 m


3
/year; and 


� waste water flow rate design maximum reported as 838 = 7,340,880 m
3
/year; 
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Average concentration of N in effluent is assumed to be the discharge requirement of <40 mg/L which is 


taken from the Project Basis of Design WWT Unit (U-445).  40 is used for conservatism, although the actual 
quality should be better than this. 


Table 12: Predicted Emissions of N2O (tonnes/year) from WWTW 


Waste Water N2O (t/yr) 


(likely volume) 4,216,705m
3
/yr 1,3 


(design maximum) 8,856,360 m
3
/yr 2,77 


Notes: 


1. Likely calculated by 3289380 * 0.04 * 0.005 * (44/28)* 0.001 / Volume of WW treated * N in effluent * Emission factor for N2O 


from discharged wastewater * Conversion factor (kg N2O-N to Kg N2O) * conversion factor mg to tones. 


5.5 Jetty 


Potential emission sources from the jetty include those from loading, ballasting and transit loses.  The 


emissions factors are for the transportation of crude only but in the absence of emissions factors for any 


other substances, the crude one will be applied.  The results for crude only and all substances are provided 
in Tables 16- 18. 


� An assumption has to be made in respect to the CH4 content of the TOC.  The Guidance suggests that 
this should be 15% in the absence of Site specific data, which is a conservative estimate; and 


� The emissions factor calculation below does not take account of the fact that vapour recovery will be 


undertaken at the facility for the Jetty.  The client has stated that that the minimum vapour recovery 
efficiency will be 98% and therefore this has been represented in the emissions calculation in Table 16. 


Loading losses 


Table 13: Predicted Emissions from Marine Loading Losses - Ships/Ocean Barges 


m
3
 all loaded per year 16,608,342 


m
3
 crude loaded per year 11,690,243 


Emission Factor- tonne TOC/ 10
3
 (1,000)m


3
 loaded (assuming no recovery) 0.073 


Tonnes CH4/ yr (all loaded) (assuming no recovery) 182 


Tonnes CH4/ yr (crude only) (assuming no recovery) 128 


Tonnes CH4/ yr (all loaded) (assuming minimum 98% recovery efficiency) 3.6 


Tonnes CH4/ yr (crude only) (assuming minimum 98% recovery efficiency) 2.6 


Notes: 


1. Calculated by ((16,608,342/ 1000) * 0.073) * 0.15 / (M
3
 loaded per year/ 1000) * emission factor* TOC to CH4 conversion 


factor 


Ballasting Losses 


An assumption has been made regarding the volume of ballast water required per cargo.  A figure of 5,000 


m
3
 per tanker has been used and this value has been taken from Guidance for ship operators on 


procurement, installation and operation.  Lloyds register Sept 2010. 


Calculations have been undertaken for both the estimated normal operation and the design maximum 
number of inbound/ outbound cargos per year.   
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Table 14: Predicted Emissions from Ballasting Operations 


m
3
 ballast water per ship


1
 5,000 


Emission factor Tonne TOC/10
3
 (1,000)m


3
 ballast water - 


typical overall condition before cargo discharge 
0.129 


CH4 t/yr  emissions (normal design)  24 


CH4 t/y Calculated TOC emissions (max design) 32 


Notes: 


1. Based on Guidance for ship operators on procurement, installation and operation.  Lloyds register Sept 2010; 


and 


2. Normal design calculated by (5000 * 243/ 1000) * 0.129 / (M
3
 ballast water per ship * no. of cargos/ 1000) * emission factor 


Marine Transit loss 


Table 15: Predicted Emissions from Marine Transit Losses 


m
3
 all loaded per year 16,608,342 


m
3
 crude loaded per year 11,690,243 


Emission factor- Tonne TOC/week- 10
3 
(1,000)m


3 
transported 0.15 


CH4 t/y emissions (all) 374 


CH4 t/yr  emissions (crude only)  263 


Notes: 


1. Calculated by (16,608,342/ 1000)* 0.15 / (M
3
 loaded per year/ 1000) * emission factor 


5.6 Indirect Emissions 


5.6.1 Utilities and services 


In the API guidance emission factors exist for electric generation from unknown generators for different 


countries.  Emissions factors are available for Turkey for 2003 to 2006 plus an average of these years.  In 


the absence of any more recent data the 2003- 2006 average weighted emissions factor has been used in 


table 19.  This table also shows the predicted emissions when using the alternative emissions factor from the 


IPCC guidance to show the potential variation which may exist in the results.  The potential variation in the 
predicted emissions from the electricity generation could be 388 Kilo Tonnes CO2e.  


Table 16: Predicted Emissions from Electricity Generation 


Emission 
2003- 2006 average weighted Emission factor tonnes/ 
10


6
 W-hr 


Tonnes/Year 


CO2 0.443 388,068 


CH4 2.05E-05 18  


N2O 7.40E-05 65  


Notes: 


1. CO2 calculated by API method (100,000,000/ 1,000,000) * 0.443 / W-hr/ 1,000,000 * emission factor;  
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6.0 RESULTS 


Predicted emissions have been calculated and where possible and necessary variations in design between 


normal operation and design maximum have been considered along with uncertainty factors where these 
exist.  The total predicted results from all emissions sources, detailed in Section 5.0, are summarised below. 


 


Table 17: Maximum Predicted Annual Tonnage of CO2, CH4 and N2O Emissions 


Operation Tonnes CO2/yr Tonnes CH4/yr Tonnes N2O/yr 


Normal 2,054,960 514.58 66.3 


Design maximum 2,055,233 539.98 67.77 


 


The results are converted to CO2 equivalent (Table 21) to assess the global warming potential of the 
emissions.  The converted CO2 equivalent results are presented in Table 22.  


Table 18: Methodology for Conversion to CO2 Equivalent 


Operation Tonnes CO2/yr Tonnes CH4/yr Tonnes N2O/yr 


Normal 2,054,960* 1 514.58 * 23 66.3 * 296 


Design maximum 2,055,233* 1 539.98 * 23 67.77* 296 


 


Table 19: Maximum Predicted Results converted to CO2 equivalent 


Operation Total Tonnes CO2e Total Kilo Tonnes CO2e 


Normal 2,086,420 2086 


Design maximum 2,087,712 2088 


 


7.0 MANAGEMENT AND MITIGATION 
GHG emissions from the proposed facility will be managed in order to minimise the potential emissions to air. 


Management measures identified by the client include the following: 


� 59 tanks (except 8 tanks) will be erected with aluminium/steel dome to reduce emissions in the refinery; 


� VOC emission during loading and unloading will be prevented with installing Vapour Recovery Unit on 
the jetty; 


� Sampling system will be closed in the process area; 


� To provide low level GHG emission, natural gas and fuel gas will be used in refinery heaters; and 


� Most of the heaters efficiency will be 90%. 


Below is a summary of the GHG management reduction and control measures which are recommended by 
the IFC General EHS Guidelines: Environmental Air Emissions and Ambient Air Quality, 2007: 


� Carbon Financing; 


� Enhancement of energy efficiency; 


� Protection an enhancement of sinks and reservoirs of GHG; 
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� Protection of sustainable forms of agriculture and forestry; 


� Promotion, development and increased use of renewable forms of energy; 


� Carbon capture and storage technologies; and 


� Limitation and/ or reduction of methane emissions through recovery and use in waste management as 
well as in the production, transport and distribution of energy (coal, oil and gas). 


The following relevant GHG management reduction and control measures are taken from the IFC EHS 
Guidelines: Refining, 2007: 


� Operators should aim to maximise energy efficiency and design facilities (e.g. opportunities for 


efficiency improvements in utilities, fired heaters, process optimisation, heat exchangers, motor and 
motor application) to minimise energy use; 


� Selection of appropriate valves, flanges, fittings, seals and packings should be based on their capacity 
to reduce gas leaks and fugitive emissions; 


� Hydrocarbon vapours should be either contained or routed back to the process system, where the 
pressure level allows; and 


� Loading and unloading stations should be provided with vapour recovery units, where appropriate. 


The following relevant GHG management reduction and control measures are taken from the IFC EHS 
Guidelines: Crude Oil and Petroleum Product Terminals, 2007: 


� Stable tank pressure and vapour space should be managed by: 


� Coordinating filling and withdrawal schedules and implementing vapour balancing though tanks (a 


process whereby vapour displaced during filling activities is transferred to the vapour space of the 
tank being emptied or into other containment in preparation for recovery); and 


� Reducing breathing losses by using white or other reflective colour paints with low heat absorption 


properties on exteriors of storage tanks for lighter distillates or by insulating tanks.  The potential 
visual impacts should be considered. 


8.0 ASSUMPTIONS AND LIMITATIONS 


A number of assumptions have been made in this assessment, due to the level of detail of the information 
made available.  These include the following: 


� Calculations have been undertaken using the simple methodology, due to the facility being at design 


level.  Once the facility is established the calculations should be undertaken using the detailed 
methodology and the actual operational data to provide more accurate results; 


� The simplified calculations methods used in this assessment are based on data from a wide range of 


facilities and therefore will incorporate a large uncertainty band, in addition to the stated uncertainty for 


certain emission factors.  Due to the uncertainty and conservative nature of the simple emissions 


factors there are lively to be overestimates in the calculation of emissions and as more detailed 


calculation methodologies are used (once detailed operational data is available) the predicted 
emissions should reduce; 


� Where emissions factors are only provided for crude oil these factors have been applied to all 


emissions in the absence of anything more relevant.  This has resulted in a conservative assessment 
but this should be acknowledged when considering the results of the assessment;  


� Some data has been estimated due to actual data not being available e.g. the volume of ballast water 
required per cargo; 
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� Some emissions factors used are not necessarily correct for the proposed facility but they are the best 


available for use.  For example, the emissions factor used for calculating the facility level fugitive 


emissions is for a facility processing 100,000- 199,000 barrels per day of crude and the proposed 
facility is expected to process 214,000;  


� Results have been calculated excluding vapour recovery which is planned for the Site.  It is unknown 
how much vapour recovery is expected; and 


� No baseline data was available to calculate the current emissions from the Petkim plant using the same 
methodology to allow for a direct comparison of predicted emissions. 


9.0 CONCLUSIONS 


The GHG emissions from the proposed facility have been calculated above and are reported as CO2 


equivalent.  The majority of emissions are likely to occur from storage tanks and the furnaces which would be 


expected due to the nature of the facility.  Although the proposed facility will generate GHG emissions those 


generated and emitted from the existing Petkim facility will be reduced as a number of units will be 


decommissioned and replaced by new units at the facility.  The potential emissions from the facility will be 


managed in accordance with IFC guidance in order to minimise the potential emissions.  Due to the facility 


being at design feed stage the emissions calculations have been undertaken using simplified calculations 


methodologies and emissions factors.  It is recommended that the assessment is revised once the facility is 


operational using the most applicable  calculation method and actual data to allow a more accurate estimate 
of GHG emissions to be calculated. 
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TRSIM 


PREAMBLE 


The following computer simulation models have been used in Petkim Port (Nemrut Gulf-


Aliağa Izmir) Sand Transport and Sedimen Modelling Survey, carried out for TRSiM 


Mühendislik Damşmanhk Eğitim Yazıhm Sanayi ve Ticaret Limited Şirketi: 


1) Wave Climate Model (WAVE). For the purpose of wave climate, the numerical 


model, that converts wind data into wave data through Jonswap spectrum has been 


developed (Balas, Kog and Balas, 2004) and implemented (Chapter 2). 


2) By Carrying out the wave transformation study (refraction, diffraction, shoaling, 


reflection and defraction events), determination of the headway of the waves, 


formed in the deep-sea by the wind-effect, to the coast and wave heights on the 


coastal zone, wave approach angles, radiation stress distribution. For this purpose, 


DALIM (Wave Approach Model) (Balas and Inan, 2001) wave transformation 


numerical simulation model, developd by the researchers, has been used (Chapter 3). 


3) Determination of the current order, that is formed by the wave effect, through Wave 


Sourced Current Numerical Model (DAKIM) (Balas and Özhan, 2000) (Chapter 4). 


4) Determination of sediment transport direction by the currents those are formed by 


the wave effect, and transported article amount, and search of the effects of coast 


structures over this transport. For this purpose, Along Shore Change Model (KBD), 


simulating the sediment transport and alongshore changes, those are formed 


alongshore as the result of wave-effect, has been used (Chapter 5). 


Prof. Dr. Lale BALAS 


Gazi Üniversitesi 


Marine Sciences Implication 







 


STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


and Research Center Director 







 


STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


TRSIM contents 


CONTENTS 
 


1. Description of the Study 1-1 


1.1. Place and Description of Study 1-1 


1.2.  Sediment Transport 1-4 


2. Wind and Wave Climate 2-1 


3. Wave Transformation 3-1 


3.1.   Wave Mechanics 3-1 


3.2.  Refraction 3-5 


3.3.  Shoaling 3-7 


3.4.  Reflection 3-7 


3.5.   Diffraction 3-7 


3.6.   Wave Breaking 3-8 


3.7.   Wave Breaking in Deep Water 3-9 


3.8.  Wave Breaking in Shallow Water 3-9 


3.9.   Wave Transformation Numerical Model    3-13 


4. Current Modelling 4-1 


4.1.  Current Model 4-1 


4.2.  Numerical Model 4-6 


5. Sediment Transport 5-1 


5.1.   Solid Matters Transport Models 5-2 


5.1.1. Analytic Models 5-2 


5.1.2. Beach Erosion Models 5-3 


5.1.3. Alongshore Change Model 5-3 


6. Results 6-1 


References 







 


STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


G.O.DENAM i April 2008 







 


STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


TRSIM Description of the Study 


PETKIM PORT  


SEDIMENT TRANSPORT AND SANDBLASTING MODEL 


CHAPTER 1  


DESCRIPTION OF THE STUDY 


1.1. Place and Description of the Study 


Alongshore currents play a significant role in sand transport. In order to 


determine the wave-effected current area, primarily, properties of the wave that 


generates this current, diffraction zone and radiation stress distribution should be 


defined properly. The simulation of the sand transport successfully depends on the 


current order formed by the wave effect, and current order formed by the wave 


effect depends on the successful transformation of wave. Basically, the wave 


transformation consists of refraction, diffraction, shoaling, reflection and defraction 


events incurred by the waves formed by the wind-effect in the deep sea while they 


headway from deep sea to shallow sea. Waves, formed in the deep sea through 


wind-effect have been transported to the coastal zone and by determining the 


along shore defraction zone, the radiation stress distribution, that is active in sand 


transport in this region has been calculated.  


Along with the change of the current order at coastal zone due to the 


natural or artificial reasons, sand transport along to shore has rised and this 


transport shows itself as scourings and accretions at coastal zone. 


Along shore sand transport has been generated by means of currents, 


formed by wave defraction. For the simulation of these currents, generated 


through wave-effect, the wave transformation study has been performed, that is 


consisting of refraction, diffraction, shoaling, reflection and defraction events 


incurred by the waves while they headway from deep sea to shallow sea, 


generated by the wind-effect in the deep sea. Since the waves are the most 


important item in controlling the sand transport over the shores and in determining 


the shore morphology, understanding the sand transport can be possible by 


determining the wave climate of that region. 
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TRSIM Description of the Study 


Since determination of the transport events realized on the coastal line in 


the course of time by areal measurements or examination through physical 


models requires both difficult and expensive studies, modeling the sand 


movements on the shores by employing numerical simulation models and thus 


simulation of the changes (scouring, accretion) happened in the course of long 


periods on the coastal zone successfully can be provided.   


Under the scope of the numerical modeling study, the sand transport 


amount occurred at the coast line as the result of the simulations carried out for the 


docks and port surroundin of Petkim, situated at Nemrut Gulf (Map 1) in the region 


of Aliağa-Izmir, has been modelled by using numerical model. The sanding that 


would happen in the course of time within the Port has been analysed.  


The purpose of the project is to determine the sediment transport effects as the 


result of the current order to be generated by the wave effect at Petkim Port and 


the changes to be occurred in the long term at the coast line, through developed 


numerical models. In this study, by using the following computer simulation 


models, developed by the researchers, the sea region and coast line has been 


simulated:.  


1) For the purpose of determining the wave climate, WAVE, that derives the 


wave parameters from wind data (Balas, Kog and Balas, 2004). 


2) DALIM (Wave Approaching Model 05), Wave transformation numerical 


simulation model (Balas and inan, 2001). 


3) Wave Based Current Numerical Model (DAKIM) (Balas ve Özhan, 2000). 


4) Along Shore Change Model (KBD) simulating the sediment transport and 


along shore changes, generated along the shore as the result of the wave 


effect (Balas ve Özhan, 2001). 


1.2. Sediment Transport 


The event of transportation of the sediment (solid matter) existing at the coast line 


or stream bed from its existing place to another place due to various factors, is 


called sediment or solid matter transport. The main factors, those cause solid 


matter transport are:  
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TRSIM Description of the Study 


• Refracted waves , 


• Wave and current effect, 


• Wind. 


Solid matter transport in parallel to the coast is important in regards of composing 


the significant part of the matter transport and becoming preventable. Solid matter 


transport in parallel to the coast can be blocked or reduced by means of cutwater, 


breakwater or submarine canyon. 


Sediment transport might cause erosion or matters accumulation on the coast. 


Therefore, through sediment transport study, it should be found that which 


direction and how much solid matters have replaced and should be defined 


whether it is required to take measures.Successful simulation of the sediment 


transport depends on current order generated by the wave effect, and this current 


order depends on the successful simulation of the changes (wave transformation) 


incurred by the waves, approaching from open sea towards the coast. Therefore, 


ediment transport modeling is consisting of following studies; 


� Determination of Wave Climate. For this purpose, a computer model (WAVE), 


that converts wind data into wave data through Jonswap spectrum has been 


developed (Balas, Kog and Balas, 2004) and implemented.  


� By Carrying out the wave transformation study (refraction, diffraction, shoaling, 


reflection and defraction events), determination of the headway of the waves, 


formed in the deep-sea by the wind-effect, to the coast and wave heights on 


the coastal zone, wave approach angles, radiation stress distribution. For this 


purpose, DALIM (Wave Approach Model) (Balas and Inan, 2001) wave 


transformation numerical simulation model, developd by the researchers, has been 


used (Chapter 3). 


� Determination of the current order, that is formed by the wave effect, through 


Wave Sourced Current Numerical Model (DAKIM) (Balas and Özhan, 2000) 


(Chapter 4). 


� Determination of sediment transport direction by the currents those are formed 


by the wave effect, and transported article amount, and search of the effects of 


coast structures over this transport. For this purpose, Along Shore Change 


Model (KBD), simulating the sediment transport and alongshore changes, 







 


STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


those are formed alongshore as the result of wave-effect, has been used 


(Chapter 5). 
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TRSIM Description of the Study 


  


Map 1. General Location of Nemrut Gulf 


Annual net solid matters transport amount, Qnet, provides information about in 


which direction and how much matter accumulation or erosion has been occurred 


on the coast zone. The total solid matter amount, transported in a year, Qgr0ss, has 


been employed for the studies to determine the shoaling effects of the navigation 


channels.  
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TRSIM Wind and Wave Climate 


CHAPTER 2 - WIND AND WAVE CLIMATE 


The wind and wave climate, which determines the general properties of the 


wind and waves those effect a coast zone, has been an essential item required to be 


examined for almost all coast and sea effects. Under the scope of this study, the 


coastal zones have been studied for long-term (long term wave statistics). Long term 


wave statisics consist of data that shows continuity in temporal regards, the 


maximum value statistics consists of the maximum values (for example the maximum 


annual value). For the maximum value statistics, the data should be depended on the 


long-term wave measurements.  


In the project, the annual data, derived from the wind measurements between the 


years of 1984-1991, belonged to Izmir-Aliağa Meteorology Station has been used 


(Table 1). The measured wind data has been classified according to their directions, 


speed, blowing periods. The average compass rose is introduced in Figure 1.  


Table 1. The wind measurements between the years of 1984-1991, belonged to 
Aliağa Meteorology Station  


MONTHLY MAXUMUM WIND AND ITS DIRECTION (Bofor)  


YEAR   JAN FEB    MARCH     APRİL     MAY     JUNE      JULY   AUGUST    SEPT      OCR      NOV      DEC 
 


1984 7.0 S 7.0 SW 7.0 SW 5 .0 NE 8.0 SW 6.0 NE 4 .0 NE 4.0 NW 4.0 SW 6. 0 NE 7.0 NE 4.0 NE 
1985 8.0 SW 7.0 SW 5.0 SW 7.0 W 5.0 NE 5.0 NW 7.0 NE 6.0 E 5.0 NE 4.0 SW 6.0 SW 6.0 NE 
1986 6 .0 S 6.0 SW 5.0 NE 5 .0 SW 5.0 NE 4.0 SW 4 .0 NW 4.0 NW 7.0 NE       
1987 


    6.0 NE 8 .0 SW 4.0 SW 4.0 S 5 .0 NE 5.0 NE 6.0 E 7. 0 NE 6.0 NW 8.0 NE 
1988 7.0 S 8.0 NE 5.0 S 5.0 W 5.0 NE 5.0 W 5.0 NE 5.0 NE 5.0 NE 8.0 NE 5.0 E 5.0 S 
1989 5.0 NE 9.0 NE 7.0 SW 5.0 NE 7.0 NE 4.0 SW 5.0 NE 5.0 NE 5.0 NE 5.0 SE 5.0 NE 5.0 NE 
1990 5 .0 NE 5.0 NE 5.0 SW 5 .0 S 5.0 NE 5.0 NE 5 .0 NE 5.0 NE 5.0 N 8. 0 NE 5.0 SE 5.0 SW 
1991 5.0 SE 5.0 NE 5.0 NE 5.0 NE 5.0 NE 5.0 SE 5.0 NE 5.0 NE 5.0 NE       


1 
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Figure 1. annual average compass rose (m/s) 


2.1 Wave climate 


The wind and wave climate, which determines the general properties of the wind and 


waves those effect a coast zone, has been an essential item required to be examined 


for almost all coast and sea effects. Under the scope of this study, the coastal zones 


have been studied for long-term (long term wave statistics). Long term wave statisics 


consist of data that shows continuity in temporal regards. For the direction South 


West (SW), the log-lineer possibility distribution and equation together with the 


annual exceeding possibilities have been presented in Figure 2.  
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Figure 2. Long-term significant wave statistics distribution for SW direction  
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Various possibility distributions have been produced for the statistical evaluation of 


the wave heights generated in a region. The most implemented one among these 


distributions is “Log-linear distribution”, indicating the relation between the significant 


wave heights generated in all storms and their formation possibilities. In this study, 


called also long-term wave statistic, the distributions is used for statistical definition of 


the problems, in which all wave events are important. As an example, it can be 


defined that how long the seiches have occurred; those are caused by the waves on 


the docks or approaching places, or at the ports.  


Log-lineer possibility distribution equation is; 


Q(H1/3)=e2-3(H1/3-B)/A  [1] 


In the equation; 


Q(Hi/3); The probability that the height pf significant wave generated in the storms is 


equals to or higher than the value of H1/3, 


H1/3 ; The value of significant wave height, 


A and B; distribution parameters. 


Log-lineer possibility distribution equation is written also as following: 


Hi/3=A*LogQ(Hi/3)+B 


 


 


 


 


 


 


4 







STAR Project  
Environmental and Social Impact Assessment Report – Final 


 


 


TRSIM Wave Transformation 


CHAPTER 3  - WAVE TRANSFORMATION 


Since the main factor of the along shore sediment transport is the currents 


generated by the wave breaking, primarily, wave transformation study has been 


carried out. Basically, the wave transformation consists of refraction, diffraction, 


shoaling, reflection and defraction events incurred by the waves formed by the 


wind-effect in the deep sea while they headway from deep sea to shallow sea. The 


successful simulation of the sediment transport depends on the current order 


formed by the wave effect, and current order formed by the wave effect depends 


on the successful transformation of wave. 


3.1.     Wave Mechanics 


In Figure 3.1, the main properties of a sinuzodial wave have been presented. The 


time interval, required for the transmission of two successive wave troughs or two 


wave crests from the same point is called wave period (T). The distance between 


two wave troughs and two wave crests is defined as wave length (L).  
 


 


Wave crest 


Wave trough 
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Figure 3.1. Sinuzodial wave profile (Dean, Darymple,1998) 
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TRSIM Wave Transformation 


The wave length at deep sea (L0), has been correlated with the wave length 


(L) in any depth by means of the following equation. 


L0=gT²/2∏ (3.1) 


L=L0tanh(kh) (3.2) 


In the above equations, (g) symbolizes the gravitational acceleration, (h) depth 


of the water and (k) wave number.  


Wave number is the function of the wave length, the angular frequenct (w) is 


the function of wave period. 


k= 2∏/K    (3.3)  


w=2∏/T (3.4) 


 


The vertical distance between a wave crest and a wave trough is the wave 


height, (H). The vertical distance between a still-water level and a wave trough 


is wave amplitude, (g). Velocity of wave propogation (C), is the ratio of the 


wave height to wave period. Group velocity (Cg) is the sum of the propogation 


velocities of two waves with different wave periods and wave numbers, 


headway in the same direction.  


C = L/T (3.5) 
Cg= 1 / 2 [1+ (2kh/sinh(2kh)] C (3.6) 
 


As the waves headway towards the shore, they begin to feel the effect of the 


depth and as a result of this, their lengths differ. The waves are classified into two 


groups according to the ratio of water depth to wave length.  


The first classification: 


If h/ L < 1/20   then, shallow water wave 


If  1/20 < h/L < ½   then, transmission water wave 
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TRSIM Wave Transformation 


If ½ < h/L   then deep water wave 


 


The second classification: 


h/L < 1/30  long wave 


1/20 < h/L  small wave 


Since the mathematical expressions of the periodic waves are difficult, for the 


solution of the wave problems, lineer wave theory is preferred. However, the wave 


height should be rather low when compared to wave length and water depth, in 


order to derive realistic results. This theory can be applied to sinuzodial waves 


with small amplitude. Application of the lineer wave theory enables to perform the 


superpositioning of the waves.  


The basic assumptions, made in Lineer wave theory: Fixed depth and fixed wave 


period conditions are required, two-dimension movement is in question, the waves 


do not face with loss of energy while they headway, the wave keeps its shape, it is 


fluid and homogenous and can not be compressed, the viscosity, turbulence, 


surface stress effects are ignored, the wave height is very small when compared 


to wave length. (H/L�O), the effect of Coriolis force has been ignored. 


Continuity equation of two dimension, un-whirled current: 


(∂u / ∂x) + (∂w/ ∂z) = 0        (3.7) 


Here, u: horizontal velocity compotent, w: vertical velocity compotent. 


According to the potential current theory, u and w velocity compotents are defined 


by the following equation. 
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TRSIM Wave Transformation 


u=∂Φ / ∂x (3.8) 


w = ∂Φ / ∂z (3.9) 


Here, Φ is the potential current function. When the values in the equations  (3.8)  


and  (3.9) are placed in the continuity equation, the following Laplace differential 


equation is obtained for the potential current 


(∂2Φ / ∂x2) + (∂2Φ / ∂z2) = 0 (3.10) 


For the instable current, Bernoulli equation can be written as following, benefittin 
from the principle of protection of the energy. 


 
− (∂Φ / ∂t) + (u2w2/ 2) + P/p +gz = 0 (3.11) 


Here, P:Pressure, p:density of the fluid, g:Gravitational acceleration, t:Time. 


Since the velocity terms are secondary degree, in case that they are ignored, 


Bernoulli equation shall become as following. 


(∂Φ / ∂t) + P/p +gz = 0 (3.12) 


When it is accepted that the sea base is impermeable and horizontal, as given in 


equity (3.13), the vertical velocity compotent on the sea base shall be zero. 


W =  (∂Φ / ∂t) = 0          (3.13) 
z=-h 


On the free surface   (z= ŋ),   vertical velocity compotent is defined by the 


cinematic limit condition. 


W = (∂Φ / ∂t)Iz=-h = (∂n / ∂t)  (3.14) 


On the free surface, when (z= ŋ), pressure P=0, the dynamic limit condition 


introduced in equity (3.15) is obtained. 


− (∂Φ / ∂t) + g ŋ = 0 (3.15) 
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TRSIM Wave Transformation 


The wave profile is indicated in equation (3.16). 


ŋ = a sin [ 2∏ { (x/L) –(t/T)}] = a sin (kx- ƣ)     (3.16) 


When the equities (3.14) and (3.15) are correlated, the following equation is 
obtained.  


− (∂2Φ / ∂t2) + g − (∂Φ / ∂z) = 0       (3.17) 


When the Laplace and (3.17) lineer equation sets are solved, potential current 
function is derived.  


Φ = [ {−aCcosh (k(z+h))}/sinh(kh)] cos (kx− ƣ)     (3.18) 


3.2. Refraction 


The sides, close to the coast, of the waves those are headwaying towards the 


coast with a certain angle, feel the base effect more previously and they slow 


down. As the result of this, by turning, they become in parallel with the bathymetry 


lines. This event is called refraction. On the low-pitched shores, the behaviour of 


the wave mainly defines the refraction event. In Figure 3.2a, the wave refraction in 


the fom of lineer bathymetry, and in Figure 3.2b, geometrical properties defining 


the wave refraction are presented. 


 


Figure 3.2a:Wave refraction in the form of lineer bathymetry (Kamphius, 2000) 
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TRSIM Wave Transformation 


  


Figure 3.2b: Wave defraction definitions (Kamphuis, 2000) 


In Figure 3.2b, a0 is the approchment angle of the deep water wave back with the 


bathymetry, C0 is the veleocity of deep water wave propogation, α is the 


approachment angle of the wave back with batymetri, C is the velocity of wave 


propogation. 


The approachment angles of the waves and wave lengths are correlated with 


Snell Law and expressed by the following equity: 
sin α / sin α0 = L/L0 =C/C0          (3.19) 


 


When the width of the wave crests are taken as b0 in deep water and as b in 


shallow water, the refracting coefficient (Kr) is defined by the following equity. 


Kr = √ cosα / cos α 0 = √ b 0/b        (3.20) 
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TRSIM Wave Transformation 


3.3. Shoaling 


The waves feel the effect of the decreasing depth while they headway towards the 


shore and as a result, the lengths of the waves shorten and steepen. This is called 


shoaling. The shoaling coefficient is derived from the equation of the energy flux. 


P1=P0 (3.21) 


b1Ea1C1n1 = b0Ea0C0n0 (3.22) 


H1/H0=√ (c0n0/c1n1) √ b 0/b1 = K8 Kr   


Here, Cn is the group velocity, Ks shoaling coefficient, Pi, P0 energy fluxes, Ea1, Ea0 


specific wave energy. Specific wave energy is defined as the wave energy per unit 


wave length.  


Shoaling coefficient is correlated with the ratios of group velocities at variable water 


depths. If it is accepted that wave energy is transported to the shore without 


extinction, owing to turbulence or bottom roughness, the local wave height (Hi) is 


equal to the multiplication of the deep sea wave height (Ho) with refraction and 


shoaling coefficients.  


H1=KsKrH0 (3.24) 


3.4. Reflection 


The waves, those hit a surface with any grade, without breaking, reflect here 


(reflection). If the surface has not spent the wave energy or has spent a part 


thereof, the reflection occurs. If the surface is vertical and impermeable, full 


reflection occurs, in this case, the coming wave and the reflecting wave have the 


similar characteristics. The reflection coefficient is the ratio of reflecting wave 


amplitude with the coming wave amplitude.   


3.5. Diffraction 


While the waves headway from deep water to the shallow water, if they face with a 


water breaker, they enter to the inside of the protected area, through diffraction by 
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the transport of the horizontal wave energy. This event is called as diffraction. 
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Kd = Hd / Hs (3.25) 


Here, Kd is the diffraction coefficient, Hd is the height of diffracting wave, Hs is the 


height of receiving wave. 


Diffraction coefficient is bigger for the long-term wave, when compared to short-


term wave, therefore, long waves within the port is more dangerous than the short-


term waves.  


3.6. Wave breaking 


In order to define the breaking conditions of the waves theoretically, kinematic and 


dynamic stability criterian are taken into consideration. 


1) Kinematic stability criteria 


If horizontal orbital velocities of the fluid granules at the wave crest exceed wave 


propogation velocity, breaking occurs.  


uc > C (3.26) 


2) Dynamic stability criteria 


If the maximum vertical acceleration that the fluid granules over the water level is 


equal to gravitational acceleration, breaking occurs. 


dw/dt ≥ g (3.27) 
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3.7. Wave breaking in deep water: 


Wave breaking in the deep water is occurred as the result of the maximum 


steepness limit is exceeded. The maximum steepness limit  in deep water is 


expressed as followings. 


0.142 = (3.28) 


 


Figure 3.3. Wave with limit wave steepness in the deep water (Yüksel, 
Çevik, Çelikoğlu,1998) 


This limit steepness is obtained when the velocities of the water granules on the 


wave crest is equal to the wave propogation velocity.  


3.8. Wave breaking in shallow water 


The waves, those are headwaying in the shallow water, feel the bottom effect by 


the decrease of the depth. Despite the fact that the wave period is fixed, the 


lengths of the waves are shortened, as a result of this, wave propogation velocity 


decreases, wave crests become frequent. When the orbital velocities of the water 


granules, those are close to the bottom, are equal to the wave propogation 


velocity, the wave reaches the maximum height and its stability is disrupted. As a 


result of this, breaking event occurs. 


The following correlation is valid between breaking wave height Hb and breaking 


depth db. 
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Hb/db = 0,78 (3.29) 


In the graphics at SPM, height of the breaking wave is shown as the function of the 


deep water conditions and shore grade. 


By using Figure 3.4, according to the grade of the shore (m) and wave period (T), 


the properties of the breaking wave (breaking depth, db, and breaking wave height, 


Hb,) have been calculated. The curves given for the different shore grades in 


Figure 3.5, are used in the calculation of the breaking wave deep sea wave height, 


H0. 


The waves break mainly in three groups depending on the shore grade and wave 


steepness (Figure 3.6): Spilling, Plunging and Surging. Grouping the wave 


breaking is made according to the below described, non-dimensional Irribaren 


parameter (ξb) based on the shore grade, length of deep sea wave and height of 


breaking wave (Kamphuis, 2000). 


(ξb) = m / √ Hb/L0          (3.30)   


(ξb) <0.4  �Spilling 


0.4 < (ξb) < 2.0 �Plunging 


(ξb) >2.0 �Surging 
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Figure 3.4. Relationship between the undimension depth in breaking and wave 
breaking steepness (SPM, 1984) 
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Figure 3.5: Relationship between the wave height index and 
deep sea wave steepness during breaking (SPM,1984) 


 
Surging 


Figure 3.6. Breaking types (Kamphuis, 2000) 
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3.9. Wave Transformation Numerical Model 


A numerical Wave HeadWay Model (Dalim) that simulates above expressed Wave 


Transformation events, has been developed (Balas and İnan, 2001) The developed 


numerical model defines the regular lineer wave headway in two horizontal 


dimension with the following equation. 


(∂/ ∂x) (CCg ((∂φ/ ∂x)) +   (∂/ ∂y) (CCg ((∂φ/ ∂y)) + σ2 (Cg/C) φ =0 (3.31) 


The equity (3.31) is known as smotth grade equity. This equity is an equity that 


can be easily applied to the reflecting wave conditions. Therefore, it is used both in 


tsnuma headway models, and short and long waves’ headway problems, also. 


With the assumption that the diffraction impacts are weak at the wave headway 


direction, the equity is written as following.  
 
∂ φ/ ∂ x = [ ik- (1/2kCCg) (∂/ ∂x ) (kCCg)] φ + (i/2kCCg) (∂/ ∂y ) (CCg(∂ φ/ ∂ y)] ; i=√-1      (3.32) 
 


This equity is parabolic approach equity. Solving the equity no (3.32) at wide shore 


area provides more realistic results, than solving the equity (3.31). However, there 


are some disadvantages of parabolic approach. For instance, solution network 


coordinates should follow especially other wave direction. Then, in case that 


bathymetry lines are not uniform and parallel, this brings the mistakes with itself. 


The following model has been proposed as an alternative solution for the wave 


headway problem in the open sea conditions (Inan, 2001);  


φ =  aeis (3.33) 


In the equity (3.33)’te (a) reflects wave amplitude, (s) phase function of the wave. 


In the potential function here is placed to the equity (3.31) and by taking the 


diffraction impact into consideration, real and imaginative parts are solved 


separately, the following equity is derived.  
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1/a[(∂²a/∂x²) + (∂²a/∂x²) +(1/CCg) (Va.V(CCg))]+k²-|Vs|²=0 (3-35) 


V.(a²CCgVs)=0 (3.35)  


In the above equities, V horizontal coordinates are derivative operator. 


(|Vs|sinθ ) -  


It is assumed that the energy does not go along with the wave crest. However, in 


order to calculate the wave height, straight to the headway and simulation of the 


diffraction impact, phase function changes according to the height of the wave. 


This is the effect of diffraction.  


When irritation property is taken into consideration, 


V x (Vs) = 0 (3.36) 


Vs =|Vs|cos(θ)pi
+|Vs|sin(θ)pi (3.37) 


Here, i,j are the unit vectors in the direction of  x and y, respectively; θ(x,y) is local 


wave angle. θ(x,y) is solved by the below equations. 


(∂²/∂x)(|Vs|sinθ)- (∂²/∂y)(|Vs|cosθ)= O (3.38) 


Through utilizing from the equity no (3.37), the equity no (3.35) is expressed as 
following. 


 


If the local wave angle and the size of the change in phase function is known, this 


energy equity can also be used to determine the wave amplitude. 


If diffraction impact are ignored, equities with no (3.34) and (3.37) shall be 
as:


 


These two equities express only the changes, which the waves are faced with due 


to refracting. Instead of wave amplitude “a” value, replacing with half of the height 


of the wave “H/2” , and placing equity no (3.38) to the equities no (3.34) and 
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(3.39), valued for wave parameters phase function I Vs I and wave height H, are 


expressed by the following equities. 


 


 


In the developed model, the equities (3.38), (3.42) and (3.43) are solved by the 


numerical method. For the solution of the equation, finite differences approximations 


are used. In solving the equities (3.38), (3.42) and (3.43) with the finite difference 


method, the partial derivatives at x direction are opened by the approximations of 


back-finite differences at the 0(ax) accuracy level, and the partial derivatives at y 


direction are opened by the central-finite differences approximations at the 0(Ay2) 


accuracy level. At x-direction, the lengths of variable solution network and at y-


direction, fixed solution network lengths are taken. Coordinate system and solution 


network are shown in Figure 3.7.  
 


 c    


   


I =1,M     


   


 c    


   


  J = 1,N  


Figure 3.7: Coordinate system and solution network 


The rectangular in M*N size solution network has been defined by Ax and Ay 


intervals. As input, the wave height as the deep sea parameter (H0), incidence 


angle of the wave (0O) and wave period (T) are being used. Using the wave period 


and the depth matrix, indicating the bathymetry properties of the studied area’s  
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together, wave number (k) is defines, wave propogation velocity from (k) value 


and group velocity (Cg) have been calculated for each point in the solution 


network. As a primary approach, by benefiting from Snell law, the wave angle at 


every point is determined. 


 


At the first approximation, it is considered that the local wave height at every point 


over the solution network is equal to the multiplication of the wave height in the 


deep sea and shoaling and refracting coefficients. 


 


Here Kr and Ks, are the diffracting and shoaling coefficients used in the below 


equities, respectively.  


Kr = (cos θ0/cos θ)1/2         (3.46) 


 


Using x-direction back-finite differences, y-direction central-finite differences and 


for the first approximation, instead of |Vs|, placing (k) value, the equity (3.48= is 


obtained.  


 


By placing the angle of approximation 9 derived from the approximation equation 


of no. (3.48), to the equity, drived from opening the equity no (3.43), the wave 


height can be found.  
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The approximation equation, obtained by opening the equity no (3.43)   is given 


below.


When the wave heights, calculated from the equity no (3.49), is placed to the 


approximation equation no (3.51) that is obtained from opening of the equity no. 


(3.42), a new phase unction is calculated.  


The approximation equation, obtained from opening of the equity no (3.42)  is 


gven below. 
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Untill the difference between the consecutive |vs| values, obtained from the 


approximations (3.51) equation, has droped down an acceptable mistake, it 


should be repeated. This operation has been repeated line by line up to the 


point where there is breaking; it is controlled whether the breaking has 


occurred or not as the wave height is calculated. For this purpose, breaking 


charts given in SPM (1984) have been used.  


Bu using Wave Transformation Numerical Model, the waves generated in deep 


sea through the effect of wind, are transported to the coastal zone and by 


determining the along shore wave breaking region, radiation stress distribution, 


effective in sediment transport in this region, has been calculated. Coastal zone 


wave heights, approximations angles and radiation stress obtained from Wave 


Transformation Numerical Model have been used as an input for another 


numerical modek, presented in CHAPTER 4, simulating the current order, 


generated through the wave impact. 
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CHAPTER 4 


CURRENT MODELLING 


Examination of the wave currents plays an important role in the subjects such as 


understanding the interaction of the currents with the waves, sediment transport, 


examination of the changes at shoreline and desing of the shore structures. While 


the waves headwat from open sea to the shore, they face with the changes 


explained in Chapter 3. Wave breaking is the most important one of these 


changes. Wave currents occur due to the wave breaking mainly. The wave 


currents, generated parallel to the shore in the breaking region, are called shore 


line current. Shore line currents play important role in sediment transport. Change 


in the wave height generated along shore, causes increasing in average water 


level. This change generates a current from the wave region with high heights 


towards the wave region with low heights. Here, along shore currents join and turn 


towards the sea. These currents are named as rip currents. Along shore currents 


and rip currents comprise two dimension shore current sustem (Figure 4.1 a-b-c). 


In order to determine the wave current area, primarily, it is required to define the 


properties of the waves those generate this current, breaking region and radiation 


stress distribution. For this purpose, an other numerical model (DAKIM), simulating 


the currents, generated by the wave effect, has been developed (Yıldız, 2005). In 


this numerical model, for determining the current area, formed by the wave impact, 


momentum and continuity equations, of which average is taken along with the 


depth have been solved by using finite differences method. The radiation stress 


theory is taken as basis. Lateral mixing and base friction impacts are taken into 


consideration.  


4.1 CURRENT MODEL 


In sourced current numerical model (DAKIM), along with the depth 


averaged non-lineer momentum transfer equations have been used 
wave  
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(a) 
 


(b) 


 


(C) 


Figure 4.1 a) Along shore currents, b) Rip current formed due to wave approaching 


straightly, c) Rip current formed due to wave approaching with angle 
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CURRENT BREAKING 
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These equations (Balas and Özhan, 2001); 


 


Here; u,v: Along with the depth, the averaged current velocity compounds at x and 


y directions;|i : Difference between the average waer level and smooth water level; 


d: Water depth; v: Eddy viscosity coefficient; Fx, Fy : wave sourced forces in x and y 


direction, generated owing to Radiation stress; 


Here, Sxx, Syy : normal radiation stress compounds, effecting the planes those are 


right to x and y axes, respectively; Sxy : radiation stress compound at y direction, 


effecting x plane ; Syx: radiation stress compound at x direction, effecting y plane. 


The most significant power, generating the wave based currents, is the radiation 


stress that is assumed as the gradian of the radiation force. Radiation stress is 


obtained from the momentum, written by the acceptance that there is no current. 


 


immediate velocity compounds at the directions of u,v ,w = x,y,ve z  


 


[4.6] 


 


 


IIf this equation, along with the depth, is integrated by accepting that the depth 


remains fixed for T wave period, the hydrostatic pressure is extracted, the 


horizontal forces, of which average is taken according to the time for the unit 


 ^ 
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width, are obtained (Figure 4.1). 
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If the u,v,q values are written in their places and their integrals are taken, they can 
be found depending on the wave parameters.


 


Here; k: number of wave; d: water depth; E: wave energy current straight to the 


shore; o: angle between wave line and shore; 
 


Figure 4.1. Radiation Force (Yüksel, Çevik and Çelikoğlu,1998). 
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Changes, such as diffraction, shoaling, breaking those have been experienced by 


the wave, forming the current area, while headwaying from open sea to the shore 


and radiation stress forming the current area, are obtained from Wave 


Transformation model and used in the current area calculations. Determination of 


the change in the height of the wave at the moment of breaking and ath the 


breaking region is an important factor in defining the current area. Wave height in 


the breaking region can be defined by the means of breaking index. There are two 


indexes used in common;  


• Breaking depth index :  [4.17] 


• Breaking Height index :  [4.18] 


While the wave is headwaying towards the coast, the change occurred in wave 


parameters shall cause changes in radiation stress. For the straight current 


situation this change shall be balanced with the change in the average water level 


(Figure 4.2). 


 


 


While the wave is headwaying, it steepens due to the decrease in the water depth. 


In other words, wave height and radiation stress increase. This increase is 


balanced with the decrease in the average water level according to Equation 


[4.19]. This situation is known as decline in average water level. After breaking, 


the wave height and radiation stress shall decrease. This decrease is balanced 


with the increase in the average water level according to Equation [4.19]. This 


situation is also, known as surging in the water level. 
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Figure 4.2. Water level changes and currents formed due to wave (Yüksel, 


Çevik and Çelikoğlu,1998). 


4.2. NUMERICAL MODEL 


Finite differences methods and eccentric solution network has been used in 


solving the momentum and continuity equations in numerical model (Figure 4.3). 


Lateral mixing and friction force effects are taken into consideration. The 


expansion of the equations can be seen below. 
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V,j   


UJ U  


Figure 4.3. Eccentri solution network in calculation area 
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The partial derivatives in equity 4.10 and 4.11 together with 4.17 and 4.18, have 


been opened back and forth finite differences method. This method is important in 


providing stability in numerical solution. In the equity 4.12, 4.15, 4.19, 4.20; for 


partial derivatives at x direction, back-finite differences have bee used in 0(Ax) 


accuracy level, for partial derivatives at y direction, forward-finite differences 


methods have been used in 0(Ax) accuracy level. In equity 4.13 and 4.14, central-


finite differences methoos is used in 0(Ax2) accuracy level. 
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CHAPTER 5 SEDIMENT TRANSPORT 


In the solid matter transport, the properties of solid matter have imfluence. The 


content of the transported solid matter may change according to the geology and 


environmental conditions of the shore. Kinds of matters available at a coast typically, 


are given in schedule 5.1.  


Schedule 5.1. Solid matter types for a typical coast 
 


Light Minerals Specific Gravity 


Kuartz 2,65 


Feldispat 2,65-2,76 


Kalsit 2,71 


Aragonit 2,93 


Light Minerals Specific Gravity 


Hornblend 3,0-3,4 


Epidot 3,3-3,6 


Grena 3,6-4,3 


Ojit 3,3-3,5 


Turmaline 3,0-3,2 


Manyetit 5,2 


Limonit 4,7-4,8 


Color 


Colorless, white 


Colorless, white, light brown 


White, yellow, pink, brown 


White, yellow, pink, brown 


Color  


Dark green, brown, black  


Various from Green to black 


Red, pink, green, brown 


Dark green,  


Blue, pink, brown, black 


Opaque black 


Opaque black 


 


 


 


The solid matters have been classified according to the diameter size of the granule 
(schedule 5.2). 
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 Schedule 5.2. Solid matter according to the diameter size of granule 


Solid Matter Granule diameter (mm) 


Silt <0,0625 


Sand 0,0625-2,0 


Granule 2,0-4,0 


Pepplestone 4,0-64,0 


A bit of Rock 64,0-256,0 


Rock >256 


Distribution of the solid matters with varius granule diamters, within the sediment 


defines the permeability and porosity of the solid matter composition. Porosity is the 


ratio of space within the solid matter to the total volume of the solid matter. The 


porosity, n, is assumed as n=0,4 in generally.  


5.1 Solid Matter Transport Models 


The shores are continuously in a state of flux. Many factors, primarily, the waves and 


currents cause erosion or matter deposit on the shores and similar changes. This 


change can be simulated by using various models.   


5.1.1   Analytical Models 


Analytical models aim to find the mathematical solution under fixed environmental 


conditions of a shore model. Although this type of models include along shore solid 


matter transport, sand transport, straight to the shore has not been taken into 


consideration. Since analytic models, do not take into consideration the changing 


environmental conditions, especially, changes in the natural conditions, they are not 


suitable for the employment in tayellown phase.  
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5.1.2 Shore Erosion Models 


Shore erosion models aim to calculate the sand loss, occurred at the shore due to 


the waves and storms. This type models do not consist of along-shore solid matter 


transport. Although these one-dimensional models are trustable in calculation of the 


sand loss, owing to the big storms; they are not a real profile change account model.  


5.1.3 Along-Shore Change Model 


Along Shore Change Model used in this study (KBD) simulates the changes, 


occurred along shore as the result of the wave impact. KBD can include to its 


account the wave properties, beginning and limit conditions and impacts of various 


shore structures such as wavebreaker, open sea wavebreaker, seawall, dock, 


cutwater. 


Things to do by KBDi: 


> Can include to the account any required numbers of cutbreaker, dock, 


wavebreaker and sea wall.  


> Any shore stuffing and structure combination. 


> Structures in various types (for instance; T shaped cutbreakers, compound 


waterbreakers, etc.) can be included to the account.  


> Solid matter transport over and around the cutbreakers and docks can be 


prevented or transport in certain amounts can be allowed. 


> The program takes into consideration the wave diffraction, refracting and 


reflections of the wave occurred due to the wave breakers, cutbreakers and docks 


> Wave transport from the wavebreakers can be allowed. 


> Impacts of the open sea waves at various wave heights and wave periods, coming 


from different directions can be simulated..                                                                                                                              


Limiting KBDM: 


> Generation of Tombolo is not possible. 
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KBD is a successful model, in regard that taking into consideration both solid matters 


transport along with shore and also, sand transport straight to the shore. In the 


model, along shore, the radiant energy, P,s, is related with the solid matter transport. 


(equity 5.1). 


Pis = Efb Cgb cos(ab)sin(ab) (5.1) 


Here, P,s : along shore radiant energy ; Efb : wave energy at the moment of breaking,  


ab : Wave approaching angle at the moment of breaking; Cgb : Wave group velocity at 


the moment of breaker. 


The wave energy at the moment of breaking is calculated by Equity 5.2 and wave 


group velocity the moment of breaking is calculated by Equity 5.3 


 (5.2) 
Here, g : gravitational acceleration; HB : Wave height the moment of breaking; p : 


density of the seawater. 


 (5.3) 


db : Breaking Depth. 


The volumetric transport ratio, Qi is calculated by using along shore. 


By using the volumetric transport rate and physical properties of solid matter, the 


transported solid matter amount can be calculated. (equity 5.5). 


 


ps/p : Specific gravity of the solid matter, g : gravitational acceleration, n : Porosity. 


Equity 5.4 and material properties, are put into their places in Equity 5.5 
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I1=39,62xl0-
5
EftCgbsin(2ab) (5.6) 


By using equity 5.6, the transport amount of solid matters can be calculated in Nt/sn 
type.   


As the result of the wave climate study conducted for Petkim Port, long-term 


wave statistic data has been obtained according to the directions of the waves, 


received to the project area (Chapter 2). According to the results, obtained after the 


study, there are waves higher than 1,0 meter with the probability of 2,2%, higher than 


1,3 meters with the probability of 1,55%, in the direction of SW, that creates along 


shore current, having a velocity of 0,22 knot, in the region. In this case, waves higher 


than 1,3 meters for 6 days in a year, higher than 1,0 meter for 8 days and higher than 


0,5 meters for 22 days have been generated. By using these data, the breaking 


heights, their depths and angles of the deep sea waves, received to the project area, 


have been calculated. By using these values and by taking into consideration of the 


possibility of wave occurrence, solid matter transport amounts per year have been 


calculated according to the directions. 
 


Photo 1. Petkim Port current shore line 
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A solution network has been established in 50 meters intervals at Petkim Port 


sea area and shore line (Photograph 1), longshore and straight directions to the 


shore. Modelled Nemrut Gulf numerical map has been provided in Graph 5.1. The 


average grain diameter in the study area is assumed as D50 = 0,8 mm. By using 


“Long-Term Wave Statistic” provided from Aliağa Meteorology Station, certain wave 


heights and periods for the directions of South-West (SW) and North-East (NE) have 


been calculated, possibilities of the occurrence of these wave heights within the year 


has been determined. From these possibilities, for how many days, waves in certain 


heights occur within year and simulation period has been determined according to 


these days.  


 For the direction and wave properties, obtained from the long-term possibility 


distributions, general properties of the simulation operated in the model has been 


presented in Schedule 5.3. In Graph 5.2, shore change to be generated within the 


next five years, under the effect of the waves with the values of H=1,3m T= 2,5sn, 


coming from South West (SW) direction of shore line of Petkim Port and its 


surrounding. (Graph 5.2). Since the waves, generated as the result of the winds 


blowing from the direction of North-East, that is the direction of effective wave, do not 


create longshore current around the port, the sediment transport has not been 


observed on the shore line where the port is situated. 
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Graph 5.1 Modelled Nemrut Gulf numerical map 
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Graph 5.2 Shore change, likely to be generated within the next five years, under the 


effect of the waves with the values of H=1,3m T= 2,5sn, coming from South 


West (SW) direction of shore line of Petkim Port and its surrounding 
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Schedule 5.3 For the direction and wave properties, obtained from the long-
term possibility distributions, general properties of the simulation operated in 
the model has been presented in Schedule  


 


Direction Wave Height H (m) Wave Period T (sec) 


South West (SW) 0,5 1,5 


1,0 2,1 


1.3 2,5 


North East (NE) 1,0 2,2 


1,5 2,7 


2,0 3,2 


Since the waves, generated as the result of the winds blowing from the direction 


of North-East, that is the direction of effective wave, do not create longshore current 


around the port, the sediment transport has not been observed on the shore line where 


the port is situated. For South West Direction, the net sand amounts, transported into the 


port under the effect of the wave heights and priods have been presented in Schedule 


5.4 From the long-term wave possibility equations, the fact that how many days waves 


in certain heights occur within year, has been determined and simulation period has 


been determined according to these days.  


 The net (positive) transports, presented in Schedule 5.4, are distributed into 


the port and accumulated, meanly; they cause an effect that shall fill the port. Since 


the inside section of the port is protected by the dock walls, it does not create any 


change in the docks. (Graph 5.2). However, as seen in Graph 5.2, a decrease in the 


depth of the water inside the port can be expected. The simulations prepared for the 


directions, defined in this schedule have been operated and the sand amount 


transported alongshore at different wave heights and their occurrence possibilities 


have been determined.  
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Transport 


Schedule 5.4 The net sand amounts, carried inside the port under the effect of the 


indicated wave heights and priods, for the direction of South West 
 


   South West (SW) Direction 


H 


0,5 


% 


possibility 


Days 


22 


Transported net sand amount  


m3 (+ Deposit , - Scouring) 
 


 
6  


 
+ 1,68 x10b


 


 


 
2,2  


 
+ 3,21 x10b


 


 


 
1,55  


 
+ 3,43 x10b


 


Since the waves, generated as the result of the winds blowing from the 


direction of North-East, that is the direction of effective wave, do not create longshore 


current around the port, the sediment transport has not been observed on the shore 


line where the port is situated. As seen in Schedule 5.4, waves, coming from SW 


(South West) direction within a year in the height of 1.3 meters, cause a maximum 


sand transport alongshore. When Aliağa meteorology station data is used, when the 


alongshore transported sand, is transported into Petkim Port and when considered that 


they show a homogenous distribution, it shall cause a sanding of 2,2 cm per year, 


as an average.  
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RESULTS 


As the result of the integration of three different numerical models’ simulations , 


introduced in Chapters 2, 3 and 4 and applied in Chapter 5; the following results 


have been obtained based on the wind data of Aliağa (Izmir) station, obtained 


from Directory of State Meteorology Affairs together with a wave atlas (Özhan 


and Abdalla, 1999) data.  


1) As the result of the wave climate study for Petkim Port, long-term wave 


statistic data has been obtained according to the directions of the waves, coming 


to the project area. (Chapter 2). As the result of the wave climate study carried 


out for Petkim Port, long-term wave statistic data had been obtained according to 


the directions of the waves coming to the project area.  (Chapter 2). According to 


the results, obtained from that study, waves higher than 1,0 meter with the 


probability of 2,2%, higher than 1,3 meters with the probability of 1.55% in the 


direction SW, creating shore line current with the velocity of 0,22 knot in the 


region have occurred. In this case, waves higher than 1,3 meters for 6 days in a 


year, higher than 1,0 meter for 8 days and higher than 0,5 meters for 22 days 


have been generated. By using this data, breaking heights, depths and angles of 


the deep sea waves coming to the project area have been calculated. By using 


these values and also taking into consideration the possibilities of wave 


generation, the transport amount of the annual solid matter according to the 


directions.  


2) A solution network has been established in 50 meters intervals at 


Petkim Port sea area and shore line (Photograph 1), longshore and straight 


directions to the shore. Modelled Nemrut Gulf numerical map has been provided 


in Graph 5.1. The average grain diameter in the study area is assumed as D50 = 


0,8 mm. By using “Long-Term Wave Statistic” provided from Aliağa 


Meteorology Station, certain wave heights and periods for the directions of 


South-West (SW) and North-East (NE) have been calculated, possibilities of the 


occurrence of these wave heights within the year has been determined.  
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3) Since the waves, generated as the result of the winds blowing from the 


direction of North-East, that is the direction of effective wave, do not create 


longshore current around the port, the sediment transport has not been observed 


on the shore line where the port is situated. For South West direction, under the 


impact of wave heights and periods, the net sand amount, transported into the 


port is presented in Schedule 6.1 From the long term wave possibility equations, 


it has been determined that how many days the waves at certain heights have 


occurred within year and simulation period has been determined according to 


these days.  


4) The net (positive) transports, presented in Schedule 6.1, are distributed 


into the port and accumulated, meanly, they cause an effect that shall fill the 


port. Since the inside section of the port is protected by the dock walls, it does 


not create any change in the docks. However, a decrease in the depth of the 


water inside the port can be expected. The simulations prepared for the 


directions, defined in this schedule have been operated and the sand amount 


transported alongshore at different wave heights and their occurrence 


possibilities have been determined 


5) As seen in Schedule 6.1, waves, coming from SW (South West) 


direction within a year in the height of 1.3 meters, cause a maximum sand 


transport alongshore. When Aliağa meteorology station data is used, when the 


alongshore transported sand, is transported into Petkim Port and when 


considered that they show a homogenous distribution, it shall cause a sanding 


of 2,2 cm per year, as an average. 


Schedule 6.1 For south-West direction, the net sand amounts, transported into the 


port under the effect of indicated wave heights and periods 
 


   South West (SW) Direction 


H 


0,5 


% 


possibility 


Day 


22 


Transported Net Sand Amount m3 (+ 


Deposit , - Scouring) 
 


 
6  


 
+ 1,68 x10b


 


 


 
2,2  


 
+ 3,21 x10b


 


 


 
1,55  


 
+ 3,43 x10b
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6) As a result, there is the risk of sanding (accumulation) within the port, 


which is presented in Schedule 6.1 on the base of occurrence possibility. In Petkim 


Port, under the effect of the waves with the values of =1,3m T= 2,5sn, coming from 


South West direction, an accumulation of 2,2 cm in a year with the probability of 


1,6% on the north edge of the interior tanker dock has been developed (Graph 6.1). 


The indicated sanding risk, for instance, for a 37000 DWT cargo vessel, approaching 


to interior tanker dock of Petkim Port at fully loaded (Length: 185 m. Width:28.4 m. 


Draft:10.70), a settling risk within a 5-year period shall happen. In the WheelHouse 


simulations, the vessel approaches to the defined dock as fully loaded. The average 


depth is 10,70 mt. in front of the dock. The bathymetry measurements in front of the 


dock are presented in Graph 6.2 and 6.3. As is seen, in the event that the vessel 


approaches to the dock at fully loaded, there is a risk of settling (Graph 6.4) 


 
 


Figure 6.1 Sanding likely to be occur under the effect of waves with the values 


of H=1,3m T= 2,5sn, coming from the direction of South West (SW) 


of the shore line of Petkim Port and its surrounding.  
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Graph 6.2. Petkim Port current batymetry measurement values 


 


Graph 6.3. Petkim port interior tanker dock, bathymetry measurements in front 
of the dock  
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Figure 6.4. Cargo vessel of 37000 DWT, approaching to Petkim port interior 


tanker dock, at fully loaded (Legth: 185 m. Width: 28.4 m. Draft: 10.70) (Petkim 


Port Sea Traffic Simulation, HO Marine Faculty, Wheel House Simulator Practices (2008) 


For the purpose of decreasing the settling risk, a bathymetry study should be 


carried out within the port in eight-year invervals, as average, the regions where 


sanding occurs, should be monitored (sediment budget monitoring), especially 


vessel maneuver area should be monitored in this respect. The sanding might 


cause problem in respect of the drafts of the vessels approaching to the docks 


and dreging might be required. Especially, along with the increasing vessel 


tonnages nowadays, in the event that vessels with larger drafts approach to the 


port, at the drafts those are close to the above mentioned limit values, the 


sediment accumulation has an effect that is indicated in the risk study and that 


is determined in the current vessel traffic size. 
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Latitude : 38.48 


Longitude : 26.58 


Height : 125 m ( IZMIR ) ALIAGA 


 
METEOROLOGICAL  Observation S. MONTHS 


ELEMENTS (year) I II III IV V VI VII VIII IX X XI XII ANNUAL 
 


Average Wind Velocity at 7 o’clock(bofor) 
 


8 
 


2.6 
 


2.8 
 


2.4 
 


2.1 
 


2.2 
 


2.2 
 


2.9 
 


2.5 
 


2.2 
 


2.5 
 


2.5 
 


2.6 
 


2.5 
Average Wind Velocity at 14 o’clock (bofor) 8 3.0 3.4 3.0 2.9 3.0 3.1 3.5 3.4 3.2 3.2 2.9 2.7 3.1 
Average Wind Velocity at 21 o’clock (bofor) 8 2.9 3.1 2.7 2.5 2.4 2.3 3.0 2.8 2.6 2.9 2.7 2.7 2.7 
Average Wind Velocity (bofor) 8 2.8 3.1 2.7 2.5 2.5 2.5 3.1 2.9 2.7 2.9 2.7 2.7 2.8 


Direction of the Quickest Blowing Wind  8 SW NE SW SW SW NE NE E NE NE NE NE NE 
Velocity of the Quickest Blowing Wind 


(bofor) 
8 8 9 7 8 8 6 7 6 7 8 7 8 9 


Avr. Stormy Days Number. (wind.velocity>=8 


 
5 0.3 1.6  0.5 0.5     1.0  0.5 4.4 


Avr. Stro.Wind Days Number. (wind.velocity 


6-7 bofor) 
5 4.0 1.6 1.3 1.5 1.0 1.0 3.0 1.0 2.0 1.8 1.7 0.5 20.4 


N Total of Wind Blowing Numbers  8 58 60 121 99 121 97 139 107 122 99 66 76 1165 
N Average Velocity of Wind (bofor) 8 1.9 2.0 2.1 1.7 2.0 1.9 2.6 2.3 2.1 2.0 1.6 1.6 2.0 
NE Total of Wind Blowing Numbers 8 191 215 219 140 214 183 330 286 211 215 125 171 2500 
NE Average Velocity of Wind (bofor) 8 3.4 3.6 3.1 2.9 2.9 2.9 3.6 3.2 3.2 3.5 3.4 3.2 3.3 
E Total of Wind Blowing Numbers 8 130 95 80 65 50 49 91 107 85 81 89 108 1030 
E Average Velocity of Wind (bofor) 8 2.7 2.8 2.8 2.4 2.6 3.0 3.1 3.0 3.0 3.0 2.7 2.5 2.8 
SE Total of Wind Blowing Numbers 8 68 49 77 72 25 47 34 34 73 44 97 71 691 
SE Average Velocity of Wind (bofor) 8 2.4 2.9 2.4 2.3 1.7 2.7 3.1 2.5 2.4 2.8 2.6 2.6 2.5 
S Total of Wind Blowing Numbers 8 51 33 64 78 26 28 12 12 22 14 72 48 460 
S Average Velocity of Wind (bofor) 8 3.2 2.7 2.5 2.8 2.5 2.7 2.7 2.3 2.4 3.4 2.6 2.7 2.7 
SW Total of Wind Blowing Numbers 8 131 100 112 152 122 104 24 44 51 27 61 56 984 
SW Average Velocity of Wind (bofor) 8 2.7 3.3 2.7 2.9 2.4 2.4 2.3 2.5 2.5 2.1 2.9 3.0 2.7 
W Total of Wind Blowing Numbers 8 9 22 28 33 74 88 28 38 36 17 9 15 397 
W Average Velocity of Wind (bofor) 8 1.9 2.8 2.9 2.4 2.3 2.5 2.7 2.8 2.5 2.8 1.7 2.5 2.5 
NW Total of Wind Blowing Numbers 8 10 19 39 76 103 111 80 107 96 55 20 13 729 
NW Average Velocity of Wind (bofor) 8 1.6 2.3 2.6 2.3 2.7 2.6 3.1 3.0 2.9 2.4 2.1 1.7 2.7 


Working Period of Station : 1984 - 1991  RESEARCH AND INFORMATION PROCESSING DEPARTMEN HEAD 
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Waste types that can be accepted by Petk,m Incinerator. The six number codes correspond to 
the hazardous waste codes identical to European Waste Catalogue and Hazardous Waste List 
- Valid from 1 January 2002. 


Excpet the wastes as listed in the blow table: 


13 01 03 Non-chloriynated hydraulic oils ( except emulsions) 


13 01 06 Hydraulic oils including only mineral oils 


13 01 08 Break fluids 


13 02 02 Non-chlorynated engine, gear box and lubricating oils 


16 07 01 Wates with chemical content of the marine vehicle tanks cleaning 


16 0 7 02 Oil containing wastes of the marine vehicle tanks cleaning 


16 07 05 Wates with chemical content of the storage tanks cleaning 


16 07 06 Wates with oil content of the storage tanks cleaning 
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The incinerator certificate of Petkim given by the legal authorities 
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ACRONYMS AND ABBREVIATIONS 
 


 


 
 


Acronym and Abbreviation Definition 


CLO Community Liaison Officer 


CMPH Cubic Meters/Hour 


CRA Community Relations Assistant 


CRO Community Relations Officer 


CRT Community Relations Team 


EIA Environmental Impact Assessment 


EMRA Energy Market Regulatory Authority 


EPC Engineering, Procurement and Construction 


ESIA Environmental and Social Impact Assessment 


ESMP Environmental and Social Management Plan 


FEED Front End Engineering Design 


IFC International Finance Corporation 


LPG Liquid Gas Petrol 


MoEUP Ministry of Environment and Urban Planning 


OG Official Gazette 


SEP Stakeholder Engagement Plan 


SOCAR State Oil Company of Azerbaijan 


STEAŞ SOCAR & Turcas Enerji A.Ş. 


STRAŞ SOCAR & Turcas Rafineri A.Ş. 


TPD Ton/Day 


ULSD Ultra Low Sulfur Diesel 


VOC Volatile Organic Compound 


WWTP Wastewater Treatment Plant 
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1.0 INTRODUCTION 
SOCAR & Turcas Rafineri A.Ş. (“STRAŞ”), a wholly owned subsidiary of SOCAR & Turcas Enerji A.Ş. 
(STEAŞ), is planning to build an oil refinery named STAR Refinery (“Aegean Refinery Project” or “Project”) 
with the capacity of processing 10 million tons of crude oil per year near Aliağa in İzmir Province, on the 
Aegean coast of Turkey.  


The proposed Project Site is located at an industrial district and on the land of Petkim Petrokimya Holding 
A.Ş. (majority shares owned by a separate subsidiary of STEAŞ). The Project Site is adjacent to the present 
Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum Refinery.  


A local Environmental Impact Assessment (EIA) study along with the requirements of Turkish Legislation has 
already been completed for the Project in 2009 and the Project has been permitted by the Turkish Ministry of 
Environment and Forestry by development consent. The Energy Market Regulatory Authority (EMRA) of 
Turkey granted a 49-year Refining License to STRAŞ in June 2010. 


Golder Associates S.r.I (Italy), together with its subcontractor Golder Associates Ltd. Şti. (Turkey) (“Golder”) 
was contracted by STRAŞ in July 2010 to conduct an Environmental and Social Impact Assessment (“ESIA”) 
Study along with international requirements. The ESIA study was to be based on the studies conducted 
during the Local EIA, but upgraded along with the requirements of International Financing Agencies, 
particularly requirements of Equator Principles and IFC 2012. Golder was also required to prepare the 
present standalone Stakeholder Engagement Plan, which complies to Turkish regulations and meets the 
International Finance Corporation (IFC) Performance Standards on Environmental and Social Sustainability. 


 


1.1 Objectives of the SEP 
A systematic stakeholder engagement process will be employed throughout the Project life cycle. 
Constructive engagement and continuous dialogue with stakeholders is an essential part of good business 
practices and corporate responsibility, and is key to the success of any complex project such as the present 
one. Therefore, the objective of the SEP is to identify key groups of stakeholders and establish a general 
framework for building and maintaining positive relationships with them in all the development aspects. 


As part of this objective the SEP and all the other project documentation to be disclosed will be translated 
and disclosed in Turkish as well as English. 


National, regional and local level liaison activities will involve formal meetings to discuss economic, 
environmental and social aspects of the Project and various planning issues. At the community level, liaison 
activities will focus on communication with local communities to establish and maintain an appropriate level 
of relationship with the people living and working in Aliağa and surroundings. The overall objectives of the 
Stakeholder Engagement Plan are the following:  


 Continuously informing the local community about the Project-related development activities; 


 Ensuring that the local community is informed about the hazards associated with construction, 
operation activities of the Project and mitigation measures implemented by the Promoter to reduce 
impacts where possible;  


 Minimizing potential disputes between personnel and contractors of STAR and the local community;  


 Incorporating local knowledge during the design phase of the Project, by taking in account bottom up 
information and feedback provided by local communities; and 


 Timely and effective responding to community concerns regarding the issues such as employment of 
the local workforce reserve in the construction and operation phases, disruption to daily life, safety 
issues, disturbances due to noise or dust, and other environmental and social issues. 
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1.1.1 Principles of Stakeholder Engagement  
Social Engagement must be performed according to a set of principles which overarch all activities and 
provide general guiding standards to which the proponent must adhere in order to carry out an appropriate 
and effective process.    


Inclusive: the SEP will ensure inclusiveness in the engagement with stakeholders in representation of 
views, including women, vulnerable and minority groups. 


Accountable: STAR will incorporate stakeholder feedback into the Project or program design, and report 
back to stakeholders.  


Appropriate: STAR will provide information in a format and language which is readily understandable and 
tailored to the needs of the target stakeholder groups. 


Relevant: in its engagement with the Stakeholders, STAR will be respect local traditions, customs, 
languages, timeframes and decision making processes.  


Two-way: STAR will establish a two-way dialogue with stakeholders that will give both sides the opportunity 
to exchange views and information, to listen, and to have their views heard and addressed. 


Proactive: In order to avoid any potential risks that might arise in our dealings with the stakeholder,  STAR 
will be proactive in trying to manage such risks before they occur by offering opportunities for constructive 
dialogue. 


Transparent: STAR will engage with stakeholders in an open process, with transparent purpose, goals, 
accountabilities, expectations and constraints. STAR will provide stakeholders with meaningful information 
on relevant aspects of project activities. 


These principles should be adhered to during all engagements with stakeholders and be applicable for all 
Project functions and contractors. 


1.1.2 Engagement methods 
Stakeholder engagement is an ongoing process that extends throughout the lifespan of the Project and 
encompasses a range of approaches and activities, from information sharing and consultation, to 
participation, negotiation and partnership. In order to successfully engage with different groups of 
stakeholders, thorough analysis and prioritizing should be carried out in order to identify the most appropriate 
methods and strategies to be employed. To ensure that the engagement process is executed in continuous 
and ongoing basis; the stakeholder engagement plan will be revised and updated to reflect the feedback 
from all engaged parties and latest project conditions. 


A wide range of methods for stakeholder engagement  will be used. The following list displays a selection of 
those that can be considered appropriate for building relationships with STAR’s internal and external 
stakeholders, but is by no means exhaustive: 


 Project website/intranet; 


 Press releases; 


 Fact sheets, flyers and brochures; 


 Newsletters; 


 Advertisements through different media; 


 E-mails and telephone calls; 


 Workshops and open meetings; 


 Partnership on community development programs; 
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 Targeted stakeholders meetings/interviews. 


 Open door days programs 


1.1.3 Baseline social survey performed in the ESIA study 


During the ESIA study, Golder performed a socio-economic survey, designed to collect regional socio-
economic baseline information for accurately identifying the scale of potential negative and positive social 
impacts of the Project, as well as to collect local community’s perception and potential reactions towards the 
Project.  


As mentioned in the sections above, Aliağa region is one of the most significant industrial centers in Turkey 
and the socio-economic secondary data gathered by various state and private institutions is adequate to 
understand the region in quantitative terms. Thus the Project specific socio-economic survey was primarily 
aimed at additional on-site data collection in qualitative terms. Qualitative information is considered in 
conjunction with existing quantitative data in order to better understand the present socio-economic 
conditions in the Region and the potential social impacts of the Project as well as how residents living near 
the Project Site react to such impacts.   


1.1.3.1 Quantitative Research 


The quantitative part of the socio-economic survey primarily consisted of literature survey and the selection 
and analysis of the collected data. Quantitative data has been collected through the analysis of the existing 
information published by various institutions such as State Planning Organization, State Statistical Institute 
(TurkStat), Ege University, Aliağa Municipality, and industrial facilities in Aliağa, and by independent 
researchers. Golder also reviewed books about Aliağa history, cultural structure and traditions.  


1.1.3.2 Qualitative Research 


Golder gathered qualitative data during the site visit from observations, interviews, historical photographs, 
informal conversations, etc. In addition, the site team participated in several local activities. Golder tried to 
collect information from different perspectives and sources as much as possible. The qualitative research 
included the following steps: 


 In-depth Interviews 


In-depth interviews were conducted with the following individuals and groups: 


 6 Muhtars (head of neighborhood or village) in Aliağa Town;  


 An advisor of the Aliağa Chamber of Commerce (a sociologist);  


 A representative of Aliağa Municipality (who is responsible to prepare the Municipality’s Strategic 
Report); 


 Deputy Director of Provincial Directorate of Ministry of Education;  


 Representatives of Provincial Directorate of Ministry of Health,  


 Izmir Cultural and Natural Heritage Protection Directorate, and  


 Two professors from Ege University.  


The in-depth interviews were structured in two ways: 


 In-depth interviews were conducted with people who were expected to best represent the local 
community of Aliağa such as Muhtars (head of neighborhood). The course of the interview was 
designed in a way to obtain further socio-economic information about the community. The 
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interviews also included questions about demographic structure, socio-economic features, 
education, health and migration issues. 


 Semi-structured in-depth interviews were conducted with other groups who were expected to be 
knowledgeable about the region’s socio-economic characteristics or who were authorized in 
decision making mechanisms. The interviews include similar questions with the interviews 
conducted with Muhtars, but included more specific and technical questions. 


Informal Talks with the Local People 


 Golder interviewed the local people in the region in order to obtain further bottom-up insights and 
experiences. These interviews were of significant importance for the study in order to make a more 
realistic assessment of the potential social impacts of the Project, and to plan the future stakeholder  
engagement activities in a way to reflect accurately the community participation principles. Golder 
tried to obtain local people’s expectations and perceptions towards the Project and about other 
socio-economic issues in the area. 


The outcomes of the surveys are reported in the following paragraph.  


1.1.4 Perception of the Project by the Local Community 


Socio-economic field survey carried out in Aliağa focused on the community’s present status and needs as 
well as their perceptions of and expectations from the Project. Understanding the needs and expectations of 
the community would lead to a better planning in the construction and operation stages of the Project. This 
section provides information that will be considered below in the socio-economic impact assessment.  


From the interviews during the site visit, Golder understood that the local community already knows about 
the Project. Many people in the Town are talking about the new Refinery, especially the expectation for the 
new employment opportunities during construction and operation phases. There are also anxieties mostly 
related with whether or not the Project Owner will employ the current work force from Aliağa and with the 
possible consequences of the migration to the town. 


The Project is owned by STAR Rafineri A.Ş., a sister company of Petkim. However, a number of people in 
Aliağa think that the proposed Project is owned by and will be operated as part of Petkim. The Project is 
mostly regarded as “Petkim’s Refinery”. This misunderstanding is arising from the reason that almost all 
press statements about the Project were made by Petkim Representatives and the community was informed 
that the Refinery’s main aim is to produce raw material for Petkim.  


Golder observed that the local community has more expectations from the Project than the other proposed 
projects in the region due to Petkim’s name. In order to explain the high expectations from the Project, it 
would be useful to mention Petkim’s image in the eyes of Aliağa community. Petkim has been founded in 
1965 as one of the biggest state owned enterprises of Turkey. The facility had a major role in the life in 
Aliağa Town and had a great prestige among the local community, particularly until its recent privatization in 
2008. Petkim owed its prestige to its “major state industrial organization” status until privatization and to its 
wage policy.  


The representative of Aliağa Municipality recalled the “Petkim’s employees’ golden age” and explained this 
situation as follows: 


“There was a typology among Aliağa local community named ‘Petkim’s elite’ at those times. There were 
rumors about the unbelievably luxurious conditions in Petkim. The local community wondered and 
rumored about the life there because they could not enter in Petkim area. The living conditions there were 
of course exaggerated; however, it was true to a certain extent as Petkim’s employees and their families 
living in the lodgments within Petkim area had many opportunities that other people in Aliağa cannot even 
think of. It was very common for young boys to jump fences in order to see the life conditions there. 
Petkim employees, even an ordinary worker earned 5-6 times more than the employees in the other 
facilities at that time.”  
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Although Petkim’s entrance is still controlled today, Petkim management recently started a project named 
“Açık Kapı” (Open Door). They organize periodic tours for Aliağa people to introduce the facility. 


Although the wage policy has changed since privatization, became more transparent to a certain degree and 
the average wages have converged to the level in the other industrial facilities in the region; Petkim’s image 
has not changed in the eyes of Aliağa people. The representative of Aliağa Chamber of Commerce stated 
that people employed by the other facilities still looks for jobs in Petkim although other employers may 
promise higher wages. The people think working in Petkim is more prestigious and more secure. People’s 
perception of Petkim also extends to the Project since it is regarded as “Petkim’s Refinery”. This increases 
the expectations from the Project.  


Another factor increasing the expectations is the people’s interpretation of the press statements. The 
community thinks the Refinery will offer 10,000 new jobs.  


A question mark is the possibility that the employment opportunities to be offered by the Refinery might not 
be towards Aliağa community but other people out of the District. The Representative of the Chamber of 
Commerce stated that he doubts there is enough qualified work force in Aliağa to meet the Refinery’s need, 
especially in the operation phase. Considering that the permanent jobs will be offered in the operation stage 
and most of those will require qualified workers, it will be difficult to fulfill the community’s expectations.  


The start of high-speed train between İzmir and Aliağa increases their anxiety. One of the Mukhtars raised 
the question that:  


“Why would not the Refinery employ qualified people from İzmir instead of Aliağa, while people from Izmir 
are able to come to Aliağa this easily?”  


The representative of Aliağa Municipality who prepared the Municipality Strategic Plan stated that the 
municipality has already started negotiations with İşkur (Turkish Employment Organization) to obtain a 
priority for Aliağa people in the prospective jobs to be offered by the Project. However, he also expressed his 
anxiety about the new situation to be created by the high-speed train. He stated that: 


“The owner of the project should pay its debt to Aliağa by employing Aliağa people in the proposed 
refinery. Petkim owes its existence and its present prestigious situation to Aliağa Town and its people. In 
the old times, Petkim isolated itself from the Aliağa community and this is a good opportunity for them to 
reestablish ties with the region and its people.” 


The potential new employment also engenders some anxiety. One of the Mukhtars pointed out a potential 
consequence of the new employment by the Refinery: 


“It seems a very positive development at first glance that the unemployed and unqualified people in 
Aliağa and the other settlements in the region will be able to work in the construction stage of the 
Refinery. But, there will be many people moving to Aliağa to work in the construction phase and what 
would happen when there is no need for them once the construction completed? There will be a new 
case of unemployment.” 


 


1.2 Brief project description 
1.2.1 Overview 
The STAR Project is a grassroots refinery project with a processing capacity of 10 million tons of crude oil 
per year. Primary goals of the Project are summarized below: 


 To ensure the continuity of supply for Petkim Petrochemical Complex  by meeting the raw material 
demand in an economic and reliable manner; 


 To produce Ultra Low Sulfur Diesel (ULSD) and Jet Fuel for the domestic market which is currently 
experiencing a vast amount of supply deficiencies; 
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 To create additional synergy by establishing Refinery - Petrochemicals integration; 


 To add value for national economy through production, trading, employment, logistics, etc.; and 


 To contribute reduction of the foreign trade deficit of the country. 


Main products of the STAR Project are petrochemical feedstock, namely Naphtha, LPG and Mixed Xylenes, 
that would meet the raw material needs of Petkim and the fuel products, namely Ultra Low Sulfur Diesel 
(ULSD) and Jet Fuel/Kerosene. The by-products of STAR, Petroleum Coke and elementary Sulfur, would be 
introduced to both domestic and international markets.  


Petkim’s existing storage, logistics, power, water and port facilities, as well as liquid and solid waste disposal 
facilities will be used to provide service and support for the STAR Project. The capacity of these facilities will 
be increased where necessary. 


The integration of the Project and Petkim facilities will result in significant synergies due to collective use of 
existing Petkim utilities and planned upgrades. The services and/or utilities that will be procured from Petkim 
over the fence include jetty, waste water treatment, electricity, steam, raw water, boiler feed water, cooling 
water, demineralized water and nitrogen. The Project Site has been mapped out within the confines of the 
existing Petkim process area and tank farms. Petkim’s existing Naphtha and fuel oil tanks at the Project Site 
will be utilized by STAR. 


Moreover, Petkim plans to shut down Platformer and Tatoray units of its Aromatics complex as STAR starts 
to provide feedstock (Mixed Xylenes) to the Aromatics. Both of these technologically obsolete units create 
significant barriers for sustainable operations of the entire Aromatics production. In addition to provision of 
reliable and economics feedstock from STAR to the Aromatics, demolishment of these units will spare space 
for future expansions of the complex through state-of-the art technologies, and will further boost the 
performance of the entire complex. The existing emissions from these units are quite critical for human 
health and flora and fauna in the region. Shut down of these units will result in a considerable reduction in 
VOC and CO2 emissions with the replacement of the state-of-the art technologies in STAR. Also, most of the 
existing HSE conditions at these units that do not comply with the European Union standards will be 
replaced by the improved HSE conditions in the STAR.  


The impact assessments in this upgraded ESIA were mainly based on the Project assumptions, 
investigations and calculations/analysis done by the Local EIA. The Local EIA was based on the Project 
characteristics according to the preliminary Conceptual Design in early 2009. While the SEP is being 
completed, Front End Engineering Design (FEED) is ongoing. 


STAR Project was designed with the state-of-the-art processing technology that is economically viable and 
environmentally sustainable. Environmental protection, reliability and process safety by the Project design, 
and social welfare and public participation in construction and operation stages will be incorporated. 
Equipment will be selected to meet internationally acknowledged design codes and standards; quality and 
safety features will be included in all aspects of the Project operations. 


It is predicted that Detailed Engineering/Procurement/Construction (EPC) period including commissioning 
and start-up activities for the Project will be 3.5-4 years. Operating period of the project is expected to be 49 
years. This period of service life can be extended by maintenance and renewal. 


1.2.2 Project Location and Regional Characteristics 
The Project Site is located in the district of Aliağa within İzmir Province in the Aegean Region of Turkey. 
Aliağa is at a distance of 60 km north to Izmir and surrounded by the city of Manisa on the east, Menemen 
County on the south and a touristic town, Foça, on the southwest. Aliağa is a concentrated industrial area 
and can be considered as the hub for heavy industries in the west of Turkey consisting of oil refining, 
petrochemicals, iron and steel manufacturing plants, ship breaking facilities and various other industrial 
facilities.  


The Project Site is located at Aliağa Peninsula that is surrounded by Aliağa Town at east, Aegean Sea at 
west, Nemrut Bay at south and Aliağa Bay at north. The Peninsula hosts Petkim facilities, Tüpraş İzmir 
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Refinery, a number of deep sea port facilities, jetties, oil terminals and ship breaking facilities. The Projects 
Site is bordered by the Petkim facilities at east and south, and Tüpraş İzmir Refinery at east and north. 
Several ship breaking facilities exist at the northwest of the Peninsula. Aliağa Town center is located at some 
5 km to the east of the Project Site. 


The Project’s land based components will require a total of approximately 210 ha of land. The elevations on 
the Project Site range from 15 meters to 100 meters which require considerable amount of preparation 
activities including excavation, backfilling, terracing and construction of retaining walls. Existing on site 
storage spheres will be dismantled and removed to another location by Petkim prior to site preparation 
activities. Existing warehouse buildings will be demolished. 


The land at which the Project Site is located is an industrial zone as per the 1/5,000 scaled regulatory 
development plan approved by the Ministry of Public Works and Settlement on September 18, 1985. It is 
located outside of forestland according to Izmir Regional Directorate of Forestry. Having Aliağa Town at 5 km 
to the east, the closest settlements to the Project Site are Petkim and Tüpraş lodgments at ~2.5 km 
southeast and east, respectively. A number of summer houses and beaches are located to the north of 
Aliağa Town and Aliağa Bay, and far south to the Project Site at southern coasts of Çandarlı Gulf, close to 
New Foça Town. 


As in the case in many sites in the Aegean Region of Turkey, Aliağa has been settled since ancient times. 
Kyme antique site of 3rd degree protection is located at ~5 km southeast to the Project Site. The small scale 
Aliağa Bird reservation area is located at ~5 km northeast. No environmentally protected area exists in the 
vicinity.  


1.2.3 Refinery Configuration 
The planned facility which will process 214,000 barrels of crude oil per day consists of 14 process units, 
associated storage for feedstock and products, and various off-site facilities including jetties for crude 
unloading and product dispatch and utility systems to augment the infrastructure that is in place at the site 
currently. The jetties, waste water treatment services, pressurized steam, cooling water, boiler feed water, 
demineralized water, will be handled by STAR Refinery.  


The following crude oils have been considered for the refinery configuration study:  


 Azeri Light: The crude oil of Azerbaijan has a gravity of 34-35 API and classified as medium gravity, 
low sulphur crude oil. It is planned to be supplied by means of 100 – 150 thousand DWT tankers 
from the Black Sea through straits or from the Ceyhan Terminal of BTC pipeline. 


 Medium Gravity :The crude oil from Middle East Countries has a gravity of 30-31 API and classified 
as medium gravity, high sulphur crude oil. It is planned to be supplied by means of 150 thousand 
DWT Suezmax tankers from Iranian Gulf or the Sidi Kerir Port of Egypt. 


 Kirkuk: The crude oil of Iraq has a gravity of 33-34 API and classified as medium gravity, high 
sulphur crude oil. It is planned to be supplied via the Ceyhan Terminal of Kirkuk - Ceyhan pipeline.  


 Urals: The crude oil of Russia originating from the Urals (REB) marketed in the Black Sea basin has 
a gravity of 32-34 API and classified as medium gravity, high sulphur crude oil. It is planned to be 
supplied by means of 150 thousand DWT tankers from the Black Sea through straits or via the 
Samsun-Ceyhan pipeline which is being developed. 


Table 1: Refinery Process Units 


Process Units Unit Design Capacity License Provider 
Crude Distillation Unit BPSD 214,000 Open Art 


Vacuum Distillation Unit BPSD 85,000 Open Art 


Naphtha Hydrotreater Unit BPSD 20,000 Axens 


Continuous Cat. Ref. Unit BPSD 28,000 UOP 
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Kerosene Hydrotreater Unit BPSD 26,000 Axens 


Diesel Hydrotreater Unit BPSD 68,000 Axens 


Hydrocracker Unit BPSD 66,000 UOP 


Hydrogen Unit CMPH 160,000 Technip Benelux 


Delayed Coker Unit BPSD 40,000 Foster Wheeler USA 


Saturated Gas Plant TPD 650 Open Art 


Unsaturated Gas Plant TPD 360 Open Art 


Saturated LPG Merox Unit TPD 740 UOP 


Unsaturated LPG Merox Unit TPD 228 UOP 


Sulfur Recovery Unit TPD 487 Tecnimont KT 


Sour Water Stripper Unit CMPH 232 Open Art 


Amine Treatment Unit TPH 590 Open Art 


BPSD: Barrels/day TPD: ton/day CMPH: cubic meters/hour 


Process unit design capacities have been determined after a detailed assessment of crude oil slate, 
configuration options, and processing schemes provided by the technology licensors.  


The Project will procure crude oil and natural gas as feedstock. Crude oil will be refined and converted into 
products whereas natural gas will be used as feedstock for the hydrogen plant and as fuel in various refining 
operations. The remainder of the fuel requirement will be supplied by fuel gas, an internal product yielded 
from upgrading processes. STAR will mainly produce Naphtha, LPG, Mixed Xylenes, Ultra Low Sulfur Diesel 
(ULSD), Jet Fuel/Kerosene, Reformate and Petroleum Coke. Limited amount of Unconverted Oil and 
Elementary Sulfur can be considered as by-products. Naphtha and LPG will be sent to Petkim as feedstock 
to their steam cracker for the production of olefins. The Mixed Xylenes will be provided to Petkim Aromatics 
complex as feedstock. The remaining products and by-products will be introduced to domestic and 
international markets. No gasoline production and fuel oil production is planned. 


Petkim plans to shut down Platformer and Tatoray units of its Aromatics complex as STAR starts to provide 
feedstock (Mixed Xylenes) to the Aromatics. Both of these technologically obsolete units create significant 
barriers for sustainable operations of the entire Aromatics production. The existing emissions from these 
units are quite critical for human health and flora and fauna in the region. According to calculations made by 
Petkim, the Volatile Organic Compounds (VOC) emitted to atmosphere from the Tatoray and Platformer units 
are estimated as 40 ton/year and 55 ton/year, respectively. The pre-fractionating section preceding these 
units creates additional 55 ton/year of VOC. Expected CO2 emissions from these units are 2,846 kg/year 
from Tatoray unit and 4,300 kg/year from Platformer unit. Hence, shut down of these units will result in a 
considerable reduction in VOC and CO2 emissions with the replacement of the state-of-the art technologies 
in STAR.  


The waste water from Platformer unit of 3,360 m3/year Caustic water (pH=7.5-8.5) will be replaced by the 
wastewater to be generated by STAR.  


1.2.4 Refinery Tank Farm 
The overall crude oil storage volume 465.550m3 is obtained as the total of the stock quantity required for 
operating with the design crude oil for 7 days and the stock quantity to unload a Suezmax tanker (150 
thousand DWT or 175 thousand m3). The gross volume, taking the earthquake allowance and tank bottom 
into account, is calculated as 691.285m3. Four new crude oil tanks, each having a volume of 98.755m3 will 
be constructed in STAR. 
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It is estimated that the total intermediate product storage capacity of STAR will be 438.169m³. Petroleum 
coke storage will be located adjacent to the relevant process unit and accessible for trucks with open type 
storage, with surrounding walls and no roof or shelter.  


1.2.5 Utilities and Services 
STAR will have much of its own internal support utility systems but it will be augmented and supported by 
facilities owned by Petkim such as water supply, steam generation and housing facilities. 


Water Supply 


The water for the Project will be received from Petkim. Petkim provides its water demand from Güzelhisar 
Dam which is located at 15 km to the east of the Project Site. Currently, Güzelhisar Dam is the water source 
of Petkim as well as Aliağa Town and major industries in the region. According to the protocol made with DSİ 
on April 11, 1983, total reservoir capacity was stated as 78.4 million m3 and total available flow as 2,500 l/s. 
Petkim has the usage right of 1,830 l/s (73.2%). If the total water flow is less than 2,500 l/s, then the water 
would be distributed to the same receivers according to the stated ratios. Petkim’s records between the 
years 2006 and 2009 indicate that Petkim received a water amount of 970 - 1,000 l/s, utilized 660 - 770 l/s 
and provided the remaining amount to few other entities in the region. There were still 352-856 l/s water 
available in Dam in the period of 2006-2009 after those usages.  


The water consumption of the Project during the construction phase will be mostly dependent on the number 
of staff working on the site. The estimated number of the employees will average 2,000 to 3,000, maximum 
being 7,000 during peak period. Estimated maximum water consumption for domestic use is approximately 
1,050 m3/day (~12 l/s) at the peak employee number (150 l/person/day). Water requirements for the 
operation phase will include potable water, cooling water, process water and firefighting water. It is expected 
that up to 650 people would be at the site for operation phase. Estimated water consumption for the 
operation phase is 10,000 m3/hour = 2,778 l/s for one time start-up - cooling water and 790 m³/hour ~ 220 l/s 
for normal daily operations. 


The water balance in Güzelhisar Dam water usage indicates that the amount of water allocated for Petkim 
would be sufficient to meet the water demands of Petkim, other entities fed by Petkim and the Project.  


Power Supply  


The Project will require 93,24  MWh electricity and 10-144 ton/h high pressure steam. More precise utility 
consumption figures will be obtained after completion of the FEED package  


The boiler design has not been finalized therefore the boiler is not included in the scope of this study. After 
the finalisation of the boiler design relevant additional studies and assessments will be prepared. 


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders. No additional impacts 
are envisaged associated with the eletricity supply for the Project. 


The objective of the Steam Boiler Unit is to produce and distribute high pressure steam to the refinery HP 
steam header. During normal operation it is assumed that the boilers will both be operating. In the event that 
the Hydrogen Unit (HGU) trips, both boilers should be able to deliver the base load and hydrogen plant 
steam production. The rounded up combined maximum continuous rated (MCR) load of the both boilers is 
280 t/h (or 140 t/h each). 


The required EIAs and all other studies required for permitting of the units will be carried out by Petkim. 
Petkim commits that the additional units will be constructed and operated along with the limits required by 
the environmental regulations. 


Wastewater 


Wastewater generation during the construction phase will consist of the domestic wastewater from 
construction camp(s) and wastewater from the construction works. The water consumption will be 450 
m3/day for 3,000 people, and 1,050 m3/day for 7,000 people. Several construction camp alternatives were 
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assessed but not determined yet. In order to treat the wastewater during construction, one or more packaged 
domestic wastewater treatment plants will be established depending on the camp locations and numbers.  


Main liquid waste originated from the Project operations will consist of process waste water, domestic waste 
water, storm water and contaminated water from the site surface and cooling water from units.  


The current WWTP at Petkim site does not have enough capacity for both Petkim and STAR operations. 
Thus, a new wastewater treatment unit for STAR will be built. 


The treated wastewater during construction and operation phases will be discharged to the sea (nearest 
receiving environment) according to the provisions of the Regulation on Water Pollution Control.  


Wastes 


Expected main waste types to be generated during the construction and operation period are: Domestic solid 
waste, excavation wastes (construction phase), waste oil, recyclable wastes (paper, cardboard, metal, glass, 
plastic, gum, textile, etc.), used vegetable oil, medical wastes, and hazardous wastes (mainly operations 
phase). 


The daily solid waste generation during construction phase is estimated for 3,000 employees as 
approximately 4,020 kg (1.34 kg/day/person) and for 7,000 employees as 9,400 kg.  


During the operations phase, it is estimated for 650 employees as approximately 871 kg. The estimated 
hazardous waste amounts are as follows: Catalyst and chemicals 1,500 ton/5 years; Tank bottom sludge 
1,000 ton/year; WWTP sludge 125 ton/day. 


As required by the “Regulation on General Principles of Waste Management” the wastes generated during 
construction and operation phases of the Project will be separately collected and stored on the site and will 
be disposed according to the requirements provided in the relevant regulations .Collection, transportation 
and disposal of the main waste types are mentioned below: 


 Domestic solid waste: Will be collected and disposed by Aliağa Municipality. 


 Excavation waste: Will be transported to the area indicated by Aliağa Municipality in accordance with 
the provisions of the Regulation on Control of Excavation, Construction and Demolition Wastes. 


 Waste oil: Waste oils from maintenance of the process units, machinery and equipment, vehicles, etc. 
will be stored in contained tanks labeled with “waste oil” signs. These wastes will not be mixed with 
water, benzene, fuel-oil, paint, detergent, solvent, and antifreeze or diesel fuel. The maintenance, fuel 
delivery and oil change of the machines and vehicles will be performed at the related unit or 
machinery park built on the construction site or at licensed/certified gas stations. Licensed entities wil l 
be contracted for collection, transportation and disposal. 


 Recyclable wastes: Recyclable wastes and the wastes which have salvage value, such as machinery 
or metal parts, plastics, etc will be sold to the related parties for recovery.  


 Waste batteries and accumulators: Licensed entities will be contracted for collection, transportation 
and disposal. 


 Hazardous wastes: Hazardous wastes management will be conducted along with the requirements of 
the Regulation on Hazardous Waste Management. The wastes will be stored on a dedicated 
impermeable hazardous waste storage area which will be fenced, covered and labeled. Licensed 
entities will be contracted for collection, transportation and disposal. The hazardous wastes that can 
be incinerated will be transported to Petkim’s licensed waste incineration plant. 


 Packaging waste: Will be transported to licensed entities to be recycled/recovered in accordance with 
the provisions of the Regulation on Packaging Waste Management. 


 Used vegetable oil: Licensed entities will be contracted for collection, transportation and disposal. 
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 Medical wastes: Will be collected in special bags and containers. A local hospital will be contracted for 
collection, transportation and disposal. 


Port Activities 


Marine transportation of the raw material and products associated with STAR construction and operations 
will be performed utilizing Petkim Port as a third party service. Petkim is currently planning to extend platform 
and jetty of the Port for the use of STAR, other third parties and the increasing needs of Petkim. A 
preliminary design was made for the extensions and an EIA Study was conducted in 2010. The EIA was 
approved by the Ministry of Forestry and Environment and “EIA is Positive” decision (the development 
consent) was made for the extension project. Detailed designs for the extensions are currently being 
prepared. The EIA report gives the planned construction phase as 3 years and project life time as 30 years. 


With the planned extensions, it is estimated that a total number of 1,089 ships/tankers of varying capacities 
will come along to the Port each year. In the scope of STAR, a total number of 243 and capacity of 
14,245,000 ton ships/tankers is estimated to come along per year.  


The current Petkim port receives average of 60 cargos per year while transferring naphtha as raw material to 
Petkim. As STAR starts to operate, this transfer need will be eliminated since the naphtha will be provided by 
STAR. The extended port capacity with this additional 60 cargos capacity will be used to accommodate 
STAR’s needs. The operational stage of the Project will increase the marine traffic. The excess naphtha after 
Petkim’s use and part of other products will be transported via marine line.  
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1.3 Glossary of Terms 
The following definitions are used in this SEP.  Stakeholder engagement will be integrated into the overall 
environmental and social appraisal and requires consideration of other terms related to the ESIA, 
environmental and social management and social investment as it relates to external relations.  Hence 
common terminology is suggested for: 


Environmental and Social Baseline: A component of an ESIA processes undertaken to develop an 
understanding of the existing environmental and socio-economic conditions in the areas that may be 
affected by a project.  Baseline studies provides a basis for analysis of potential positive and negative 
impacts of a project in the ESIA and, as possible, provides information for monitoring and measuring 
impact throughout implementation of the ESMP (see below). 


Environmental and Social Impact Assessment (ESIA): Formal assessment required when a Project 
may create significant adverse impacts that are diverse and irreversible. An ESIA is often called an 
Environmental Assessment (EA) or Environmental Impact Assessment (EIA). Even if the word “social” is 
not included, readers should understand that the acronyms EA, EIA and ESIA are used interchangeably. 
The term and acronym adopted by this Project is “ESIA”. 


Environmental, Social and Management Plan (ESMP): Component of the ESIA that provides an action 
plan or series of plans for implementation of mitigation measures required to avoid or minimise adverse 
impacts and to optimise beneficial effects of a project. An ESMP also includes information on 
management, monitoring and reporting related to environmental and social performance.  


Scoping: Scoping is the process of determining the content and extent of the matters that will be studied 
during the baseline and ESIA.  The scoping process will vary depending on: the proximity of surrounding 
communities, legal requirements; the capacity of authorities; and the specifics of the project.  Scoping is 
sometimes called the “preliminary ESIA”, but does not include the level of detail for a complete ESIA. 


Social Investment: Resources provided prior to and beyond obligatory expenditure contained in the 
ESMP.  Social investment is above and beyond international requirements and is part TANAP’s goal to 
build positive and beneficial relationships with governments, communities and industry wherever it does 
business.  


Stakeholder: Stakeholders are persons or groups who are directly or indirectly affected by a project, as 
well as those who may have interests in a project and/or the ability to influence its outcome, either 
positively or negatively (IFC, 2007). 


Stakeholder Engagement Plan (SEP): Relatively new term for the stakeholder engagement planning 
document.  The SEP is a key component required for verifying compliance with international standards on 
public disclosure. 


 


2.0 REGULATIONS AND INTERNATIONAL STANDARDS 
2.1 National Regulations 


The fundamental law in Turkish Environmental Legislation is the Environmental Law No.2872 (Issued on 
11.08.1983, Official Gazette No.18132, amended by Law No. 5491). According to Environmental Law, 
citizens as well as the State bear responsibility for the protection of environment based on the “polluter 
pays” and “user pays” principles. The Law is supported by numerous Regulations and decrees prepared 
or updated in the process of alignment with European Union legislation.  


The Ministry of Environment and Urban Planning (MoEUP) is the responsible authority for the issuing and 
implementation of policies and legislation adopted for protection and conservation of the environment, 
and for sustainable development and management of natural resources, in addition to policies and 
legislation related to urban planning. 


The main stages of the Environmental Impact Assessment are defined by the Turkish Regulation on 
Environmental Impact Assessment (EIA) (17.07.2008, OG No. 26939, amended 30.06.2011). On the 
other hand, if any project will be carried out with foreign loans (Funding agencies, International Financial 
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Institutions etc.), the project owner will fall under the EU Environmental Impact Assessment Directive and 
has committed to undertake an Environmental and Social Impact Assessment (ESIA). 


The projects requiring an Environmental Impact Assessment Report, the EIA process and other relevant 
principles and procedures are detailed in the Environmental Impact Assessment Regulation. The first 
Turkish EIA Regulation was put into force in 1993 and it was amended in 1997, 2002 and 2003 and finally 
last EIA Regulation came into force on July 17, 2008 and lastly amended 30.06.2011. Environmental 
Impact Assessment (EIA) is a key instrument of European Union environmental policy. Since the 
inception of the first EIA Directive in 1985 (Directive 85/337/EEC) both the law and the practice of EIA 
have evolved. An amending Directive was published in 1997 (Directive 97/11/EC). The projects are 
divided in two groups in Turkish EIA Regulation according to the potentially expected environmental 
impacts. These are Annex 1 (directly subjected to a full EIA Report) and Annex 2 (subject to Screening by 
MoEUP to derive a decision whether or not an EIA is needed).  


The projects listed in Annex I are directly subjected to a full EIA Report. The EIA process begins with the 
submission of the EIA Application File to the MoEUP and this is to be prepared in accordance with the 
format set out in the Regulation. If the EIA Application File is prepared fulfilling the format requirements of 
the MoEUP, a Commission is established by the MoEUP. Initiation of the EIA Process is announced to 
the public through the relevant Governorship.  


Prior to Scope and Special Format Determination Meeting, a public participation meeting, as required to 
suit the scale of the project is organized in order to inform the public and elicit feedback including getting 
their opinions and recommendations on the project. The EIA Report’s special format is decided by the 
Commission by taking into account the comments and suggestions collected during the public 
participation meeting. The EIA special format defines the EIA’s scope for the project and outlines studies 
to be prepared during the EIA process.  


After the submission of the EIA Report, the examination and assessment process begins. The public is 
notified that the examination and assessment process for the project has been initiated and the EIA 
Report is available for public review. The public’s opinion is taken into consideration and reflected in the 
final EIA Report.  


The EIA Report is examined by the Assessment and Evaluation Commission. The members of 
Commission are assigned within the framework of their authorities, tasks, and responsibilities and 
address the subjects relating to the central or local institutions and organizations which they represent. In 
the assessment and evaluation meeting, the following are assessed; whether the EIA report and its 
appendices are sufficient and appropriate; whether there is adequate information, data, and 
documentation; whether environmental impacts and measures are identified comprehensively and 
sufficiently; and whether issues highlighted in the public participation meeting has been sufficiently 
addressed and resolved. If the Commission considers it necessary, amendments to the report are 
requested. EIA report finalized by the Commission is then made available for public review. Considering 
the public opinion as well, the MoEUP then renders a decision regarding whether they have found the EIA 
positive or negative. 


2.2 International Standards 
STAR has committed to meet the IFC requirements.   


The IFC requirements for project information disclosure are stringent and exceed the requirements of the 
European Union (as defined by the Aarhus Convention on the Access to Environmental Information and 
Public Participation in Environmental Decision Making).  


The IFC Performance Standards, the basis for the Equator Principle Financial Institutions, stress that 
stakeholder engagement should be started early in project development and should involve an in-depth 
exchange of views and information, and an organized and iterative consultation, leading to the client’s 
incorporating into their decision-making process the views of the Affected Communities on matters that 
affect them directly,  
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Specific requirements for the IFC include: 


 Development of a SEP, including measures to allow for the effective participation of stakeholders 
identified as disadvantaged or vulnerable;  


 Provision of relevant information on (i) the purpose, nature and scale of the project; (ii) duration of 
the proposed activities; (iii) any risks to and potential impacts on such communities and the 
relevant mitigation measures; (iv) the envisaged stakeholder engagement process; and (v) the 
grievance mechanism; 


 Implementation of a procedure for external communications that includes methods to (i) receive 
and register external communications from the public; (ii) screen and assess the issues raised and 
determine how to address them; (iii) provide, track and document responses; and (iv) adjust the 
environmental and social management program; and 


 Provision of a schedule for periodic reports to the affected communities that describe the progress 
with implementation of the project action plans (IFC, 2012). 


With this document, STAR’s work in Turkey is being formalized in a Stakeholder Engagement Plan, a 
material requirement for the IFC and Equator Principle Financial Institutions.   


The IFC requirements to the information disclosure and stakeholder engagement exceed the Turkish and 
the European Union requirements.  The compliance with the national requirements will be fulfilled through 
the implementation of the IFC requirements. 


 


3.0 OVERVIEW OF PREVIOUS ENGAGEMENT 
3.1.1 First activities of Stakeholder Engagement 
First activities of stakeholder engagement were performed during the Local EIA process, early in the 
design phase. The activity consisted in an open meeting organized by STAR to reach out to local and 
regional stakeholders, in order to disclose details on the planned project and to incorporate feedback from 
all parties. Meeting details and outcomes are presented below.  


A first round public hearing meeting was held during the local EIA process following the submission of the 
Project Description Report to MoEF (currently MoEUP)  and formation of an EIA Committee by the MoEF 
(currently MoEUP).  


The meeting was held in Aliağa Municipality - Ataturk Cultural Center on February 24, 2009. Public 
announcements were made on a nation-wide published newspaper as well as a local newspaper a week 
before the meeting date. Official invitations were sent to Governmental Authorities. 


The following groups participated in the meeting:  


 Individual members of the community; 


 Special interest groups such as Petkim; 


 Representatives of the regional Governmental Authorities;  


 Representatives of Aliağa and İzmir Municipalities;  


 Representatives of non-governmental organizations; and 


 Journalists from local newspapers. 


The public hearing meeting was conducted in Turkish. The meeting started with the presentation of the 
STAR and the EIA Consultant, and followed by a general questions and answers session with the 
attending stakeholders. During the meeting, the stakeholders were informed about the Project 
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characteristics and preliminary estimations regarding the potential Project impacts through a presentation 
specifically prepared for the occasion. 


Opinions and concerns of the stakeholders were considered throughout the developing the Project's main 
elements and components. The issues raised and discussed during  this meeting included: 


 concerns over the compliance with regulatory air quality standards;  


 the economic aspects of the Project; 


 the technology that will be used; and  


 concerns over the water consumption. 


The meeting minutes, participant list and other material used for the meetings are provided in APPENDIX 
A. 


In addition, full EIA Report was published at the Ministry of Environment and Forestry web site before 
finalization of the report and development consent, along with the requirements of EIA Regulation. 


 


4.0 STAKEHOLDER IDENTIFICATION 
All stakeholder groups that have an interest for, that might be affected by, or that might have an influence 
on the outcome of the Project were identified during the Local EIA and ESIA Phases, following the socio-
economic baseline data surveys. Stakeholder identification was done through secondary research, 
screening a wide array of potential stakeholders, among Institutions, associations, NGOs and other 
informal groups, that should be involved in the engagement process. The stakeholders were then 
classified according to the potential role that they could have in the Project, according to professional 
judgment based on how much each stakeholder would be affected by the project and on the profile that 
the stakeholder has within the social fabric of the context. Attention was placed in screening vulnerable 
groups, to make sure that the issues of groups that might be directly and differentially or 
disproportionately affected by the project are appropriately addressed. The vulnerable stakeholders in this 
area, as a result of high industrialization in the area, will be the general public residing in the nearby 
villages. Specific methods of reaching the village residents have been developed to reach these 
residents. This activity is a key step in managing the overall stakeholder engagement process because it 
reduces the risk that a narrow stakeholder group can dominate the engagement process. Additional 
stakeholders were also added to the list, following baseline studies and interviews during baseline data 
collection. For the preparation of this SEP the stakeholders that had previously been identified during the 
Local EIA were reviewed and the stakeholder list was expanded to include additional stakeholders that 
are relevant during the Project life cycle. The relevant stakeholder groups are:  


 Governmental Authorities – National and regional governmental bodies; 


 Non-Governmental Organizations – Regional, national and international bodies; 


 Communities – Local community of Aliağa (affected settlements), and overall Turkey community; 
and 


 Universities and Independent Experts. 


A detailed list of the stakeholders is provided in Table 2. 
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Table 2: List of Project Stakeholders 


Stakeholder 
Group 


Stakeholder 
Category Stakeholder Sub-Category Area of 


Interest 
Potential Role 
in the Project 


Communities 


National 
Community General Population of Turkey 


Impact on 
National 
Economy  


Low 


Affected 
Settlements  


 


Aliağa District Center Population 
Environmental 


Impact, 
Employment 


High 


Samurlu Village Population 
Environmental 


Impact, 
Employment 


High 


Güzelhisar Village Population 
 


Environmental 
Impact, 


Employment 
High 


Çaltıdere Village Population 
Environmental 


Impact, 
Employment 


High 


Karakuzu Village Population 
Environmental 


Impact, 
Employment 


High  


  Aliağa Fishermen 
Impact on 
fisheries High 


  Yenifoça Fisherman 
Impact on 
fisheries High 


  Touristic Facilities in Aliağa and Yeni Foça 
Impact on 
tourism,  High 


Governmental 
Organizations 


Regional 
Governmental 
Organization 


Izmir Provincial Directorate of Health 
Health impact 
on public and 


workers 
Low 


Aliağa District Directorate of Agriculture 
Impact on 


Agricultural 
Areas 


Low 


Izmir Provincial Department of Environment and Urbanization Environmental 
Impact Low 


Aliağa Municipality Permitting Medium 


Aliağa District Governorship 
Permitting 


High 


National 
Governmental 
Organization 


The Ministry of Environment and Urbanization 
Environmental 


Impact, 
Permitting 


Low 


The Ministry of Culture and Tourism 
Impact on 
Tourism Medium 


The Ministry of Industry and Trade 


Impact on 
National 


Economy, 
Permitting 


Medium 
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Stakeholder 
Group 


Stakeholder 
Category Stakeholder Sub-Category Area of 


Interest 
Potential Role 
in the Project 


The Ministry of Energy and Natural Resources 


Impact on 
National 


Economy, 
Permitting 


Medium 


The Ministry of Health 
Health impact 
on public and 


workers 
Low 


Non-
Governmental 
Organizations 


Regional 
NGOs 


Aliağa Culture and Solidarity Association 
Impact on 
Cultural 


Resources 
Medium 


Petrol-Is Trade Union Aliağa Branch Labour Rights Medium 


Aliağa Social Solidarity Foundation Labour Rights Low 


Aegean Conservation of Natural Life association   
 


Low 


Aliağa District Center Chamber of Industry and Commerce Impact on local 
economy Low 


Cooperative of Aliağa Fishers Impact on 
fishing High 


Izmir Aquatic Products Cooperative 
Impact on 


fishing High 


Yeni Foça Aquatic Products Cooperative 
Impact on 


fishing High 


Yeni Foça Fisheries 
Impact on 


fishing High 


Çandarlı Aquatic Products Cooperative 
Impact on 


fishing High 


ETIK-Agean Touristic and Accommodation Facilities 
Association 


Impact on 
Tourism High 


Izmir Tourism Operators Regional Board Impact on 
Tourism High 


National NGOs 


Chamber of Environmental  Engineers 
Environmental 


Impact Medium 


The Union of Turkish Engineers and Architects (TMMOB) Environmental 
Impact Medium 


TEMA Foundation Environmental 
Impact Low 


DOGCEV Association 
Environmental 
Impact Low 


Doğa Association 
Environmental 
Impact High 


ÇEKÜL Association 


Environmental 
Impact 


 
Low 
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Stakeholder 
Group 


Stakeholder 
Category Stakeholder Sub-Category Area of 


Interest 
Potential Role 
in the Project 


   


International 
NGOs 


Greenpeace 


 


Environmental 
Impact 


 
Low 


 


University and 
Other 
Independent 
Experts 


Universities 


Ege University General Low 


Dokuz Eylül University General Low 


Izmir University of Economics General Low 


Izmir Institute of Technology  General Low 


Scientific 
Experts Not Defined 


General 
Not Defined 


 
 


5.0 ROLES AND RESPONSIBILITIES 
Community relations and social impact management will be a shared responsibility between the STAR 
and EPC contractor. While the EPC contractor will be responsible for maintaining community relations 
during the construction phase of the Project, STAR will supervise activities and will take the overall 
responsibility for all phases, and in particular during operations of the facilities.  


Both STAR and the EPC contractor will have dedicated teams for the implementation of community 
relations and social impact management. The roles and the responsibilities of the team members will 
complement each other and ensure the effective implementation of the program. 


The main responsibilities and the general characteristics of the staff responsible for community relations 
are defined in the following paragraphs. A general outline is provided at this stage; however, the exact 
roles and responsibilities of the community liaison team will be further specified once the EPC contract is 
signed, according to the contexts and specific needs of the construction period. 


Community Relations Team (CRT): the primary responsibility of the CRT will be to build 
positive and organic relationships with the communities that will be impacted by the Project 
during construction and operation. The CRT will be composed of a Community Relations Officer 
and of a variable number of assistants. The CRT will supervise all stakeholder engagement 
activities, including those carried out by other parties, and will be responsible for the 
management of the Grievance Mechanism. The CRT will report to the STAR management and 
will provide continuous feedback on stakeholder engagement activities, assisting STAR 
management in decision making processes that deal with community and stakeholder related 
issues.  


STAR Community Relations Officer (CRO) will act as an interface between STAR, EPC 
Contractor and the local community. On the basis of STAR’s employment strategies, the role of 
CRO might be taken by the Environmental and Social Officer (ESO), who is appointed for the 
overall supervision of the environmental and social management for the Project. He/she will 
function as a focal point for resolution of community complaints and grievances. While 
implementing the community liaison program, he/she will organize meetings with the national 
and regional authorities on issues related with the project. STAR CRO will provide advice and 
support to the Contractor CRO about the emerging community issues. STAR CRO will record 
community related issues and report the activities of community liaison.  
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EPC Contractor CRO will organize and participate in the meetings with the local communities 
prior to arrival of construction team to a given locality. During the construction period, he/she will 
regularly meet with the community members about the resolution of community issues. The 
EPC Contractor CRO will be responsible to keep records of all engagement and communication 
activities with the local community and the complaints and grievances of the local community. 
He/she will not only function as a reporting mechanism but also as a tool to help resolution of 
the grievances. 


Community Relations Assistants (CRAs) will preferably be employed from the local 
community. This would ensure that the assistants will already have a general knowledge and 
organic relationships with the community. 


The Project will have a tracking system to maintain an inventory of all meetings and engagements with 
the stakeholders. All material will be available upon request from stakeholders involved in meetings and 
engagement phases. 


 
6.0 STAKEHOLDER ENGAGEMENT PROGRAM 


6.1 General Principles for Engagement 
The following general principles will govern stakeholder engagement activities: 


 Capacity building and consultation: in order to facilitate meaningful participation of stakeholders, 
activities aimed at education, capacity building, exchange of information and consultation will be 
followed: 


 The content of documents for public comment will provide accessible and adequate information 
on the Project, and not create undue fears (regarding potential negative impacts) or expectations 
(regarding potential positive impacts such as job creation, etc.); 


 Written information will be accompanied by visual illustrations and explanations as needed to 
build understanding of the project; 


 The language of choice of stakeholders will be used during meetings, with translation where 
required; 


 If key issues of particular concern arise, workshops may be offered to explain technical 
processes, assessment techniques, and quality assurance measures to verify results ensure 
mitigation procedures are followed; and 


 Efforts will be made to explain not only the proposed project and ESIA process, but also 
applicable national laws and regulations, international principles and standards and how STAR 
will address compliance; 


 Communities will be given the opportunity to express their views on Project risks, impacts and 
mitigation measures, in a two way process in which STAR will play a pro-active role. 


 Provision for the participation of vulnerable groups: Vulnerable groups may be defined as 
people that by virtue of gender, ethnicity, age, physical or mental disability, economic disadvantage 
or social status may experience different or unique effects from the Project than others.  The project 
area is at a medium to high level of  industrialization and economic development stage compared to 
general Turkey. This brings the fact of an active involvement of all levels of public groups in to 
economic and social life in the project area. The general public living in the nearby villages is 
identified as the target vulnerable group in the context of being able to reach to the disclosed project 
information during the consultation meetings and through electronic media. International best 
practice encourages that individuals or groups particularly vulnerable to adverse project impacts and 
risks be supported to participate in the engagement process. The following measures will be 
implemented to enhance the ability of vulnerable stakeholder groups to participate meaningfully in 
the ESIA process: 
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 During the continued process of stakeholder identification, STAR will continuously identify 
disadvantaged or vulnerable persons our groups; and staff will identify engagement approaches 
and activities that will support effective engagement of vulnerable persons. 


 STAR will make sure the general public is aware of the disclosed project information by 
arranging transportation support to the villagers to the consultation meetings. 


 STAR will organize dedicated meetings at the villages to disclose the project information and 
relevant grievance mechanism. 


6.2 Stages and Associated Engagement Activities 
The overall engagement activities methodology and steps are summarized in the following table, which 
displays who is in charge of the engagement, what methods are to be used and what objectives are to be 
obtained throughout the different phases of the Project. It is worth underlining that best results are gained 
if stakeholder engagement is considered as a continuous information and feedback flow between the 
Proponent and local communities and stakeholders. Engaging with stakeholders from the start enables 
an active cultivation of relationships that can serve as “capital” during challenging times. In this sense 
incorporating suggestions and criticisms at an early stage of the design and of the construction phases is 
likely to help the Proponent minimize conflicts and delays with stakeholders in later phases of the project. 
It is therefore important that the plan is implemented throughout the entire process, as a central part of 
the project’s life cycle, to fully exploit the positive outcomes it can lead to. 
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Table 3: Scheme of Stakeholder engagement activities 


 


 


  
Proponent Objective 


- Collect preliminary data and 
information,  


- Initial liaisons with 
stakeholders and 
identification of affected 
communities. 


- Inform stakeholders on the 
planned project  


- Collect bottom up insights, 
experiences and expectations 
of local communities from the 
project. 


- Further inform stakeholders  


- Share information collected 


and analyzed in the ESIA 


- Explain and discuss issues 
associated with the planned 
construction activities  


- Inform local stakeholder on 
the progress of the work 


- Maintain positive and 
continuous dialogue with local 
community 


- Give answer to possible 
complaints or grievances 


- Maintain positive and 
continuous dialogue with local 
community 


- Allow suggestions and 
comments from local 
communities 


- Give answer to possible 
complaints or grievances 


- Inform local stakeholder on 
the outcomes of the ESIA; 


- Incorporate possible 
suggestions and comments 
before final decisions are 
taken. 


- Golder Associates 


- Environmental and 
Social Officer 
(ESO) 


- STAR 
representatives 


- Golder Associates 


- Golder Associates 


- STAR 
representatives 


- STAR 
representatives 


- STAR Community 
Relations Officer 
(CRO) 


- EPC Contractor 
CRO 


- Community 
Relations 


Assistants (CRA) 


- STAR Community 
Relations Team 
(CRT) 


Phase 


Baseline 
investigations and 


field research 


Local impact 
assessment phase 


(EIA) 


Lender’s impact 
assessment phase 


(ESIA) 


ESIA finalization 


 


Operation  


Construction 


Pre-construction 


Action 
- Identification of 


possible 
stakeholders; 


- Preliminary 
contacts and 
informal 
interviews 


- Additional 
stakeholder 
engagement 
meetings 


- ESIA public 
disclosure 
meeting 


- Stakeholder 
engagement 
during EIA 
process 


- First round 
engagement 


- Public meeting  


- Regular 
engagement 
sessions on a 
quarterly basis 
with the 
community   


- Grievance 
Mechanism 


 


- Community 
engagement 
conducted on a 
quarterly 
bimonthly basis 
for the  first year  
months and then 
2 times a year.  


- STAR CRT 
dedicated 
telephone line  


- Grievance 
Mechanism 


-  
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6.2.1 Stakeholder Engagement during the ESIA Process 
During the preparation of ESIA report stakeholder engagement activities in the form of consultation 
meetings were performed in addition to the consultation meeting held during the local EIA process.  


As a total four meetings were held with the stakeholders including general public, workers, fishery 
representatives, local NGO representatives, media, representatives of local administrative institution.  


Meeting n.1 


Following the preparation of this upgraded ESIA along with Equator Principles and IFC Performance 
Standards, a second round public engagement session was organized. The meeting was held in Petkim 
Cultural Center on April 11, 2011. 


The meeting was announced on a local newspaper, official invitations were sent to relevant 
Governmental Authorities and individual invitations were sent to the Muhtars (Administrative Heads of the 
Neighborhoods in Aliağa). A draft non-technical executive summary was prepared and published at the 
STRAŞ web site for the information of the local community and stakeholders prior to the engagement 
session. Public transport was provided for the participants. 


The following groups participated in the meeting: 


 individual members of the community; 


 special interest groups such as Petkim; 


 representatives of the regional Governmental Authorities; 


 representatives of Aliağa and İzmir Municipalities; 


 Muhtars of the neighborhoods in Aliağa; 


 representatives of non-governmental organizations; and 


 journalists from local newspapers. 


The public hearing meeting was conducted in Turkish. The meeting started with the presentation of the 
STRAŞ on general Project information. Then, Golder made a presentation on the contents and outcome 
of the environmental and social impact assessment; planned mitigation measures and planned 
environmental and social management plan during Project implementations.  


Presentations were followed by a general questions and answers session with the attending 
stakeholders. The main issue raised during the engagement meeting was the request of employment for 
the Project from Aliağa rather than other regions in order to improve the local economic status.  


The material regarding this meeting is provided in APPENDIX B. 


Meeting n. 2 


Following the decision to incorporate the jetty construction in this ESIA, a second round public hearing 
meeting was organized in October 2011. 


The material regarding this meeting is provided in APPENDIX C. 


Meeting n. 3 


An additional third round public hearing was organized. The meeting was therefore specifically aimed at 
involving local groups potentially affected by the operations and activities at sea, but was also seen as an 
occasion to further inform local stakeholders on the overall refinery extension project. 


A public meeting was organized on January 20, 2012 in the Petkim facilities. The meeting was advertised 
on three local newspapers, stating the name of the project, proponent, date and venue. In addition, to 
encourage public participation, Muhktars of the local villages were contacted directly, as well as the 
representatives of the Aliağa municipality and of the fishermen’s community. On the day of the meeting, a 
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shuttle bus was made available for local villagers considering the travel distance from the village to reach 
the venue. Project leaflets including the project contact numbers were distributed to the attendees of the 
meeting. 


The following groups participated in the meeting: 


 representatives of the Aliağa Municipality; 


 representatives of the Aliağa Chamber of Commerce; 


 representatives of the fishermen communities. 


 


The public hearing meeting was conducted in Turkish by STRAŞ and Golder staff members, that 
presented the project and ESIA findings. Participants were also provided with a leaflet and written 
information on the project. Presentations were followed by a general questions and answers session with 
the participants. Several issues were raised: 


- The fishery representatives stated their concern on possible dredging activities, that might 
damage marine life because of the pollutants present in the sediments of the bay. The proponent 
assured that, because of the depth of the seabed, dredging activities will not be required. The 
fishery representatives also asked to view the marine survey report prepared and the Proponent 
agreed to share the results with them. The fishers in general complained that Nemrut bay is off 
limits to fishing activities because of the presence of several industrial facilities along the coast; 
however the Project will not involve further reductions of the fishing areas. 


- The Aliağa Chamber of Commerce representatives were concerned on the location and design of 
the jetty, because the Nemrut bay is subject to strong, yet rare, sea storms that could damage the 
construction. The proponent assured that in depth technical studies have been conducted, taking 
in consideration severe marine conditions, to avoid any possible hazardous event to occur. 


- The Aliağa Municipality representatives spoke up about the fact that the Proponent had not 
respected permitting timings and deadlines. The Proponent stated the reasons behind this 
situation and the two parties agreed to better communicate regarding permitting issues from then 
onwards. 


The material regarding this meeting is provided in APPENDIX D 


Meeting n. 4 


In order to inform the public on the planned 3rd and 4th jetty , another meeting for public hearing was 
organized on 25.12.2012 at Aliağa Center with the participation 47 people. The objective of the meeting 
was to inform public specifically on the jetty extension as part of EIA/ESIA process. 


The material regarding this meeting is attached in APPENDIX E 


 


6.2.1.1 Press coverage of the project 


The STAR Project has been the subject of many articles appeared in local and national papers 
throughout the years. Written articles can be considered a significant and useful mean of information 
disclosure, as they reach a wide audience and can become occasion of public debate on the issue. 
Moreover the press’ attention to this project reveals the central role it plays for the Turkish economy, and 
confirms STAR’s open approach to presenting the Project in a transparent and factual way. 


A selection of articles appeared in the press is provided in APPENDIX F 
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6.2.1.2 Project Response to Concerns 


 


The major concerns raised on the project to this stage of the project can be grouped in the following 
groups. The project responded to these concerns in the form of engineering design, technical studies, 
management and employment programs. 


Table 4:Project Response to Stakeholder Concerns 
 


Concern Project Response Category Project Response Activity 


Potential air pollution to 
be created by the project Technical studies Air modeling study at various stages of the 


design to make sure the emissions from the 
refinery is in line with the applicable 
regulatory limits.  


Baseline data collection to present the 
existing air quality conditions 


Evaluation of cumulative air quality 
conditions. 


These studies are included in the ESIA 
report prepared for the project. 


Potential air pollution to 
be created by the project Design Use of natural gas for combustion in order 


to minimise the air pollutant emissions from 
the refinery 


Inclusion of Volatile Organic Carbon 
Recovery Unit into the design to ensure that 
the VOC emissions form the project 
activities are minimized 


Inclusion of technical components into the 
design to ensure the fugitive and 
uncontrolled emissions during the operation 
of the refinery 


Impact of potential 
dredging activities on the 
marine habitat 


Design The project will not include any dredging 
activities 


Impact of project on 
fishing areas in the form 
of increased no- fishing 
zone 


Management The project will not require to increase the 
no-fishing zone 


Employment Management Project will establish fair employment and 
recruitment procedures to maximizing the 
local employment for unqualified manpower 
resources 


 


1) Potential air pollution to be created by the project: The project has performed various studies on 
identifying the project  
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6.2.2 Additional Stakeholder Engagement Meetings 
In order to reach out to all possible stakeholders, STAR will implement further meetings to disclose 
relevant Project information and solicit stakeholder views. These meetings in particular will have to reach 
out to key stakeholders that might have not been sufficiently involved during previous engagement 
sessions, such as tourism operators and representatives from fishers’ associations. Rather than using the 
approach of open hearing meetings, these meetings can take the form of bilateral meetings with smaller 
groups that share common interests or backgrounds. This method allows focusing on more specific 
issues, to ensure that all stakeholders are able to express opinions and to try to find shared solutions. 
Meetings will have to be organized and held by STAR staff with good technical knowledge of the Project, 
possibly in collaboration with consultants if additional support is needed. Meetings will be recorded and 
minutes will be sent to all participants, in order to ensure that issues emerged are suitably documented. A 
final report on main outcomes will have to be prepared by STAR staff for internal use, to provide a 
synthesis of main issues raised and possible solutions to be adopted. The overall period for additional 
engagement should be limited to approx. 2-3 months, in order to make sure that enough time is granted 
to incorporate suggestions and feedback in the design process, or to find adequate and shared solutions 
to problems.  


Additional stakeholder process will aim to reach all stakeholders of the project. As a start, these additional 
Stakeholder Engagement Meetings as a minimum will address the following stakeholders as they are the 
umbrella organisations of the users of the major ecosystem services (fishing and tourism) and  that may 
be affected by the project activities: 


 Cooperative of Aliağa Fishermen 


 ETIK-Aegean Touristic and Accommodation Facilities Association 


 Izmir Aquatic Products Cooperative 


 Yeni Foça Aquatic Products Cooperative 


 Yeni Foça Fisheries 


 Çandarlı Aquatic Products Cooperative 


 Izmir Tourism Operators Regional Board 


 


The additional stakeholders meetings will also include focus group meetings targeting the residents of the 
nearby villages. The residents of these villages can be classified of vulnerable groups in specifics of this 
project in terms of difficulty to reach project information. The residents of these villages may have 
difficulties to arrange transportation to attend the general engagement and hearing meetings. Therefore 
project briefing meetings at these villages will be arranged by STAR: 


6.2.3 Final Stakeholder Engagement Meetings at the end of the ESIA process 
Upon the completion of the Draft ESIA, STAR will organize a final round of stakeholder engagement 
meetings, in order to inform stakeholders on outcomes of the ESIA and to explain next steps of the 
stakeholder engagement process.  


This meeting will be open to the general public and duly advertised through national and local media 
(bulletins, communications on institutional website, national and local newspapers, etc.) in order to reach 
all affected and interested stakeholders. In addition all stakeholders that have been previously involved 
will be invited individually. As for previous meetings, dedicated transport will be set up in order to allow 
remote stakeholders to participate.  
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The aim of the meeting is to update stakeholders on the project evolution, to disclose ESIA findings and 
to give answer to doubts and questions from participants. In addition the meeting will be an occasion to 
discuss a shared “road map” for future stakeholder engagement activities, highlighting that it will be a 
continuous process which will take place also during construction and operations phases. Roles and 
responsibilities of personnel in charge of Stakeholder engagement will have to be disclosed, as well as 
the general framework of future stakeholder engagement meetings and of the Grievance Mechanism.  


6.2.4 Stakeholder Engagement during Construction and Operation Phase 
The main objective of the program during this phase is to maintain ongoing positive community relations 
and ensure that all interested stakeholders/parties will be kept informed on all Project activities throughout 
the entire construction and operation phases. 


STAR Community Relations Team (CRT) will be responsible for organizing and implementing these 
relations and engagement activities in cooperation with the EPC CRO.  


The team will use various channels to reach to the local people in order to encourage them to participate 
in the meetings, such as bulletins, announcements at the local newspapers and radios. STAR CRT will 
meet the Muhtars in Aliağa before a disclosure and engagement meeting, to inform them about the 
objectives and contents of the activities and to ensure they will support the engagement activities. 


6.2.4.1.1 Construction Phase  


Pre-Construction: STAR CRO will arrange a public meeting with community members. This 
meeting will be open to all community members and previous stakeholder involved. This 
meeting must be held once the EPC has been appointed, so that the EPC’s CRO can be 
present. This aspect is important so that stakeholders are informed on who will perform 
construction activities, and on the other hand the EPC CRO can become familiar with 
stakeholders and possible issues of concern that they will raise. The meeting will constitute an 
opportunity to explain and discuss project related community issues associated with the 
construction activities and to assess expectations regarding benefits and opportunities that may 
emerge from the project. 


Construction: STAR and Contractor CRT will hold regular engagement sessions on a bi monthly 
basis with the community and the interest groups throughout the construction period to ensure 
that a continuous dialogue with the affected communities is maintained by keeping them 
informed and sharing views and ideas. Another objective of these activities will be to inform the 
stakeholders on the grievance mechanism of STAR. Methods and activities for stakeholder 
engagement will be finalized  jointly by STAR and EPC on the basis of outcomes of previous 
activities, involvement of stakeholders and issues to be discussed.  


The methods and activities to inform and engage the stakeholders in a continuous and proactive 
manner will include the following: 


 Posters/leaflets 


 Formal letters to local communities representatives 


 Social media tools 


 Webpage of STAR project 


 Interest group meetings with the identified fishery and tourism representatives in 
the project area. 


 Group meetings at the nearby  villages already identified and Aliağa  


 







 


 
STAR REFINERY- STAKEHOLDER ENGAGEMENT PLAN 


 


MARCH 2013 
Report No. 11513150061 App 15 27  


 


6.2.4.1.2 Operation Phase 


The operation period will be characterized by a decrease in activity in the region, which will 
remain stable during the subsequent years of operation. Accordingly, community level 
engagement during the operation phase may be conducted on quarterly basis during the 
operation phase, and in any case at least once a year.  


The local people in Aliağa including Muhtars and the representatives of NGOs are expected to 
participate in these meetings.  


Besides, the local people will have the opportunity to obtain information about the process or to 
deliver the complaints by using the Grievance Mechanism. Therefore, the  CRT is not only 
responsible for organizing and implementing the regular engagement activities but also 
informing local community about the operational activities at the other times. 


The methods and activities to inform and engage the stakeholders in a continuous and proactive 
manner will include the following: 


 Posters/leaflets 


 Formal letters to local communities representatives 


 Social media tools 


 Webpage of STAR project 


 Interest group meetings with the identified fishery and tourism representatives in 
the project area. 


 Group meetings at the nearby  villages already identified and Aliağa  


 


6.2.4.2 Engagement Method 


The Table 5 outlines the disclosure and method that will be used during the construction and 
operation phases. The table includes outline information on the objectives and method of 
engagement. For each stakeholder engagement session in a given locality, a more detailed 
agenda will be prepared depending on the topics that need to be articulated, project 
requirements at a given time and any impromptu issues. 


The engagement activities  will be coordinated by the STAR CRT team. During construction 
phase involvement of EPC CRT representatives will be assured. During operation phase, if 
necessary, STAR technical team will provide support to the CRT team of STAR. 


 The agenda will identify the community members that will be engaged, exact timing, date, 
topics to be discussed etc. 
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Table 5: Stakeholder Engagement Method during Construction and Operation 


Stakeholder 
Groups 


Stakeholder Objectives 
 


Method Timing and 
Frequency 


STAR 
Contact 


Point 
Governmental 
Authorities Local / Provincial 


Directorates of 
Relevant Ministries 
and Administrations 
 Environment and 


Urbanization 
 Health 
 Labor and Social 


Security 
 Education 
 Civil Services 
 Legal Affairs 
 Transport 
 Energy 


 Speed-up permitting 
procedures  


 Coordination of security 
issues  


 Data requirements  
 Advice on related-sector 


issues  
 Coordination on 


implementation of the 
community development 
plan 


 Meetings 
 Formal 


information 
letters 


 As and when 
required 


ESO / 
CRO 


Local 
Community 


Muhtars 
 Atatürk Mahallesi 
 Kazim Dirlik 


Mahallesi 
 Kurtuluş 


Mahallesi 
 Kültür Mahallesi 
 Mimar Sinan 


Mahallesi  


 Yalı Mahallesi 
Residents of : 


 Samurlu Village  
 Güzelhisar 


Village 
 Çaltıdere Village 
 Karakuzu Village 


 
 


 Inform Muhtars about the 
progress of the Project  


 Raise awareness on 
potential disturbances, 
hazards and community 
safety issues associated 
with construction and 
operation activities, and 
mitigation measures taken 
by STAR 


 Manage community 
expectations through 
dialogue and participation 


 Ensure grievances (if any) 
are addressed and resolved 
to the satisfaction of both 
parties 


 Meetings  
 Formal 


information 
letters 


 Website 
 Media 
 Social 


media tools 
 Group 


meetings at 
community 
centers 


 Quarterly  
prior to the 
arrival of the 
construction 
team 


 Quarterly 
once 
construction 
team 
mobilizes  


 CROs will 
visit Muhtars 
on quarterly 
basis 


ESO / 
CRO 


NGOs NGOs 
 
Fishery 
representatives 
 
Tourism 
Representative 


 Share best practices for 
addressing community 
issues  


 Develop co-operation for 
implementation of the social 
management plan 


 Meetings  
 E-mails 
 Workshops 
 Website 
 Interest 


group 
meetings 


When required, 
throughout the 
construction 
and operation 
period. 
 
Meetings with 
the fishery and 
tourism 
representatives 
will be 
organized on 
quarterly basis 
till operation 
starts. 
Periodically, on 


ESO / 
CRO 
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Stakeholder 
Groups 


Stakeholder Objectives 
 


Method Timing and 
Frequency 


STAR 
Contact 


Point 
a bimonthly 
basis during 
the first year 
and then every 
six months for 
subsequent 
years. 
 


Internal STAR 
Stakeholders 


 SOCAR 
 STAR staff 
 Contractor staff 


 Align corporate objectives 
and Project requirements 
with community needs  


 Ensure continuous 
communication and share of 
Project information among 
Project team members   


 Contribute to decision-
making in Project planning 
and execution and 
community aspects  


 Provide advice on all 
community programs and 
issue management 


 Project 
meetings 


 E-mails 
 Telephone 
 website 


Monthly or as 
required 


ESO / 
CRO 


 


6.2.5 STAR website 
SOCAR currently has a corporate website, both in Turkish and English. 


www.socar.com.tr/ 


The website contains general information on the company and its sub-companies, as well as specific 
pages on the environment, on media relations (containing a comprehensive press reviews), on human 
resources and indication of contacts, which includes e-mail and phone numbers of all sub-companies. In 
addition, SOCAR is planning to create a website specifically centred on the STAR Project: 


www.starrafineri.com.tr 


Corporate and Project websites are considered a very useful and effective channel to communicate to 
stakeholders, as they can present up to date information. The STAR project will be presented in a clear 
and straightforward manner in this site, showing plans and data, and documenting  progress of the 
activities as they go along. The grievance mechanism can also be integrated in the website, given that 
stakeholder must be enabled to communicate to STAR not only via web but also through different means.  


STAR is planning to expend further the web section on environment, including data on environmental and 
health and safety indicator performances. STAR will also consider creating a specific page on stakeholder 
engagement, where outcomes of engagement activities can be documented and monitored, including 
future reports on sustainability performances and minutes of meetings.    


 


7.0 TIMETABLE 
The following table provides a general framework schedule of stakeholder engagement activities that 
STAR is recommended to follow, with indication of deadlines or frequency. It is important that the CRT 
establishes a clear timetable for stakeholder engagement activities to be held throughout project 
construction and operation, based on this framework. The final schedule will then have to be shared with 
all stakeholders, so that everyone has a clear understanding of opportunities and channels to 
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communicate with STAR, in addition to the possibilities offered by the grievance mechanism, treated in 
the following chapter.  


Table 6: Timetable of Stakeholder Engagement Activities 
Phase Activity Deadline or frequency 


ESIA preparation Small group meetings with 
homogeneous stakeholder 
 
Individual meetings with 
 
Cooperative of Aliağa Fishers 
 
ETIK-Aegean Touristic and 
Accommodation Facilities 
Association 
 
Izmir Aquatic Products Cooperative 
 


Q2-Q3 of 2013 


ESIA finalization and approval 
process 


Open public meeting 
Website 
Social media tools 


During the process of ESIA 
discussion and approval with lenders  


Pre-construction Open public meeting  
 
Interest group meetings with fishery 
and tourism representatives or any 
other interested NGO 
 
Group meetings with villagers 
 
or other forms to be decided by 
STAR CRT 


Before the commencement of any 
construction activity 


Construction Open public meeting 
 
Interest group meetings with fishery 
and tourism representatives or any 
other interested NGO 
 
Group meetings with villagers 
 
 or other forms to be decided by 
STAR CRT 


After appointing EPC contractor 
Periodically on quarterly basis  


Operation Open public meeting or other forms 
to be decided by STAR CRT 


Periodically, on a quarterly basis 
during the first year and then every 
six months for subsequent years.  


 


8.0 GRIEVANCE MECHANISM 
The objective of the Grievance Mechanism is to demonstrate responsiveness to stakeholder needs and 
facilitate a trustworthy and constructive relationship. The grievance mechanism is a procedure through 
which communities, groups and individuals affected by the Project activities can formally communicate 
their concerns and grievances to the Project Owner and facilitate resolutions that are mutually acceptable 
by the parties, within a reasonable timeframe. The grievance mechanism is also open to workers, and 
their organizations, directly or indirectly employed in the Project construction and operation processes, in 
order to ensure that they can freely express opinion and complaints. The grievance mechanism will not 
impede access to judicial or administrative remedies. 


Key elements of a grievance mechanism include: 
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 Clear instructions on how grievances are submitted and handled after submission, including a 
minimum period that a stakeholder must wait to receive a reply; and 


 Alternatives for submitting a grievance in person to a staff member if a stakeholder is not able to or 
comfortable submitting a grievance in writing. 


All the Project stakeholders will be encouraged to submit written grievances to the STAR CRO and 
should be reassured that written submissions will not be used in any way to intimidate those submitting 
the complaints. STAR CRO will be the person responsible for coordination of stakeholder engagement 
activities and management of the corporate grievance procedure. CRO will not have the direct authority to 
resolve grievances, but rather will work with a team of managers to collect accurate information about a 
given issue, share it with appropriate senior management, and communicate the resolution back to the 
person submitting the grievance.  


A specific  system for addressing the labor grievances will also be in place. This system will be used to 
manage complaints from workforces or other relevant parties.The Grievance/Suggestion Procedure will 
be used to manage complaints from workforces or other relevant parties. STAR will also ensure that 
systems are in place for the workforce to report the HSE concerns to the management.  


Grievances might be submitted using three different ways:  


 written communication through the Muhtars to STAR CRT;  


 written or verbal communication to STAR CRO; and 


 written or verbal communication to the Contractor CRO. 


A grievance form will be prepared for the submission of written grievances through a letter, telephone or 
e-mail. The grievance form will include the following basic information: 


 Name of the submitting person; 


 Name of the organization and position, if relevant; 


 Address; 


 Telephone/Fax and e-mail; 


 Preferred means of response; and 


 Details of the complaint (any important details; date of the incident, location, etc.). 


Below is the process to be followed in the event of receipt of a complaint from the local community: 


 All grievances will be documented to make sure problems are accurately understood and handled 
appropriately. STAR CRT will register the received grievance and record the verbal grievances in 
writing. 


 All formal grievances will be responded with a formal reply within three weeks (15 working days). 
The formal response will provide additional information or, if appropriate, further instructions on 
proposed measures to resolve the issues. 


 Written submissions will not be used in any way to intimidate the person or organization submitting 
the complaint. 


 As a general rule, names of persons submitting a grievance will be kept confidential unless a 
grievance is made in a public meeting. Only the number of grievances and the general nature of 
complaints will be regularly reported. This information will be summarized in a grievance registry, 
but personal information will be kept private. 


 Grievances received anonymously will be treated as comments or issues and recorded, but no 
formal response will be issued. 
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 While efforts will be made to resolve all grievances amicably, if a grievance cannot be resolved 
within STAR, STAR will seek to involve other external experts, neutral parties or local and regional 
authorities, as necessary. 


 Grievances are recorded in a grievance registry as provided below. 


 


 


Examples of grievances recorded and closed out are presented in APPENDIX G 
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Table 7: Complaint Management and Grievance Registry 
Date of 
Record 


Aggrieved 
Person(s) 


Source of 
Grievance 


Grievance 
Details 


Redress 
Approach/Action 


Internal 
Action Party 


External 
Action Party 


Status Monitoring Close out 
Date 
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STAR – Grievance Submission Form 


 


Name  


Organisation/Position  


Address: 


 


Telephone/Fax: 


E-mail: 


Most effective means to send a response: 


 


Details of the grievance (any important details; date of incident, location, etc.): 
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9.0 MONITORING, EVALUATION AND REPORTING 
Reporting progress of stakeholder engagement will be performed both internally, within STAR’s 
management system, and externally towards stakeholder. Both activities will be responsibility of the CRT. 
Internal reporting will form part of the Community Relations and Social Impact Management (CRSIM) and will 
act as a monitoring tool to assess performance on CRSIM. This reporting mechanism will inform the STAR 
management team members of the progress made in implementation of the stakeholder engagement plan. 
The sample chart below describes reporting requirements for the community liaison team: 


Table 8: Internal Reporting 
What to Report Frequency 
Community Incidents Same day 
Community Complaints and/or disputes Within 1 day of the complaint 
Community liaison activities carried out Weekly 
Planned community liaison activities Monthly 
Performance against targets Monthly 
Summary of meeting with local authorities Within 2 days of the meeting 


 


STAR will report back to Stakeholders on a periodical basis, in order to ensure a positive and successful 
relationship with project affected people. Report issuing will differ according to the phase of the Project. 


Construction phase: STAR will prepare and issue a report containing the following information: 


 Progress on the Project, including statistics, description of phases completed and milestones planned 
in the next quarter; 


 Outcomes of stakeholder engagement activities, with an outline of initiatives carried out and main 
issues emerged; 


 Information and data on grievances received and replies provided by STAR. As already mentioned, 
grievances are confidential therefore information will be presented in anonymous form with no 
reference to authors.  


This report is to be prepared on a quarterly basis and sent to all stakeholders involved in previous activities, 
also if they are no longer active participants. The same version of the report will be posted on the company’s 
website. 


Operation phase: in this phase reporting will decrease in intensity but will still represent a key information 
channel between STAR and stakeholders.  STAR will prepare as a minimum a yearly CSR Report containing 
the following information: 


 Main milestones of project operations, including data on environmental and H&S performances; 


 Outcomes of stakeholder engagement activities, with an outline of initiatives carried out and main 
issues emerged; 


 Information and data on grievances received and replies provided by STAR. As already mentioned, 
grievances are confidential therefore information will be presented in anonymous form with no 
reference to authors.  


This report will be sent to all stakeholders involved in previous activities, even if they are no longer active 
participants. The same version of the report will be posted on the company’s website. 
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10.0 MANAGEMENT FUNCTIONS 
Stakeholder Engagement Activities will play a central role within STAR’s general scope of work, and will 
therefore be given appropriate space and resources among STAR’s management framework. Throughout 
the Project construction and operation, this role and tasks attached will be under the responsibility of the 
Community Relations Team. The CRT will be composed of a Community Relations Officer and of a variable 
number of assistants. The CRT will be in charge of all stakeholder engagement activities, of the 
management of the grievance mechanism and of coordinating stakeholder engagement activities performed 
by other parties (i.e. the EPC). All activities will be presented to STAR’s management through the 
Community Relations and Social Management System, which will represent the system to monitor and to 
control progress of stakeholder activities, of possible problems and of required solutions to be implemented.  
 
The CRT will own and maintain the present document and prepare a more detailed schedule and budget for 
stakeholder engagement activities to be conducted during construction and operations, according to the 
programme in the present document. The schedule will include the details on: 
 
2) Timing of the stakeholder engagement activity 


3) Type of the stakeholder engagement activity: i.e. group meetings, consultation meetings, briefings, 
individual meetings 


4) Targeted stakeholders with the scheduled activity 


5) Material to be used 


6) Venue 


7) Transportation arrangements for the attendees if required 


8)  Specific topics to be covered during these activities 


9) Required attendance from STAR management or technical departments if necessary 


 
The Following the approval of the schedule and budget  from STAR management, the CRT will be 
responsible of implementing it or adjusting it along the way, on the basis of external inputs and feedback 
from stakeholders. Because stakeholder engagement is a key operation within STAR’s activities, all 
management staff must be well informed on role and objectives of this plan.  Periodical internal meetings 
should be held in order to inform all staff on progress and to take shared decisions.  
 
In the case that STAR decides to adopt a CSR policy and to issue a periodical CSR Report, the CRT will 
play a key role in providing input and feedback and could become be responsible for these tasks, according 
to internal strategies. It is recommended that STAR considers adopting a CSR policy, as this is considered 
evermore a good practice among competitor companies, given the benefits it gives in terms of reputation 
among authorities and Institutions, as well as increased trust from local stakeholders and local communities.   
 


11.0 REFERENCES 
IFC, 2007. Stakeholder Engagement: A Good Practice Handbook for Companies Doing Business in 
Emerging Markets. Washington, D.C., USA. 


IFC, 2012. Performance Standards on Environmental and Social Sustainability. Washington, D.C., USA. 
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APPENDIX A  
Material from Stakeholder Engagement Meeting of February 
24th 2009 
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1ST Round Public Hearing Meeting 


The first round meeting was held at the Aliağa Municipality, Ataturk Cultural Center on 24th of February 2009. 
The meeting was started with presentations and followed by a general question answer session. The 
questions were answered by Halil Semerci, the Project Director of STRAS. The questions and answers are 
summarized below.  


Ali Osman Karatekin (Aliağa Chamber of Commerce): It is told that the stack emissions will be reduced to 
minimum limits. This is a relative statement, aren’t these limits set numerically? 


STRAS: A waste gas treatment unit will be built and the emission limits will be 600 mg SO2 and 100 mg NOx 
will be emitted. The refinery emissions will comply with EU standards and the emissions will be set under the 
upper limits.  


Sahap Avci (Local Paper): What is Petkim’s relation with the Project? 


STRAS: STRAS owns the proposed refinery and is sister company of Petkim. STRAS also owns the 51 
percent of Petkim’s share. 


Sahap Avci (Local Paper): Where will the technology of the Project be obtained? 


STRAS: The best and the most advanced technology achieved to date will be used. It will be designed 
accordance to the American standards and will be collaborated with European Engineering firms. 


Sahap Avci (Local Paper): What is the investment cost of the Project? 


STRAS: The investment cost is around $ 3-3.5 million. 


Ismail Ceylan (Petkim): The finishing products seem to be naphtha, diesel, LPG; not the gasoline. What is 
the meaning of this? 


STRAS: There is gasoline excess in Turkey; we are in importing country condition. The main goal is to 
provide raw material for Petkim. The gasoline and fuel-oil will not be produced. 


Beyhan Yilmaz (Petkim): Is the configuration of the Refinery decided? Will there be FCC unit? Will 
propylene extraction be practiced? 


STRAS: Since it is problematic, the FCC unit will not be used. 


Ali Osman Karatekin (Aliağa Chamber of Commerce): Will the necessary products be produced in the 
mean time?  


STRAS: The identified products will be produced not the gasoline and fuel-oil. 


Ali Riza Saklica (Petkim): When will the Refinery start operations and what will be its contributions to our 
country? 


STRAS: The Refinery will start operation in 2015. The projects of Petkim will accelerate with the Refinery. 
The Project will provide employment opportunities. Its contribution to the economy will be immense.  


Ismail Ceylan (Petkim): Will all the equipments imported or else will some portion be supplied domestically? 


STRAS: There will be local-foreign supplier consortium. The equipments not produced locally will be 
imported.  


Ali Osman Karatekin (Aliağa Chamber of Commerce): Where will be the taxes paid?  


STRAS: The headquarters are in Istanbul and the plant is here, however the headquarters can be changed. 
It will be decided by shareholders.   


Sahap Avci (Local Paper): How much raw material will be processed? 


STRAS: 10 million tons per year. 
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Ismail Ceylan (Petkim): Will all the flow be mutual? 


STRAS: All kinds of flow will be mutual. 


Nurhan Ozden: What will be the excess water consumption during the process compared to Petkim? 


STRAS: It will be close to Petkim, around 1,000 to 1700 m3. 


The following table presents the attendance list of the public hearing meeting. 
 


Name Occupation Employer Phone Number Sign 


Hüseyin Şahin Mathematician Turkish State Meteorological 
Service 


0312 302 24 75  


Adem Ağır Engineer Ministry of Environment and 
Forest 


0312 207 58 96  


Birsen Güner Engineer Provincial Directorate of 
Agriculture 


0435 10 03-1167  


Serkan Belen Civil Engineer Ministry of Transport and 
Communications 


463 09 00  


Osman Bacu Chief Engineer  (Civil) Ministry of Transport and 
Communications 


463 09 00  


Aylin Özman Assistant Specialist General Directorate of EIA 
and Planning 


0312 207 63 58  


Dr. Alper Demirbugan Mining Engineer General Directorate of Mineral 
Research and Exploration 


0312 287 34 30-
1423 


 


Murat Özdemir Project Engineer STRAS 0212 259 00 00-255  


M. Fatih Tuncer Project Engineer Petkim  0232 616 40 80  


Saadet Kasapgil Project Manager ENVY  0312 583 88 63  


Sedef Polat Environmental Engineer ENVY 0312 583 88 63  


Halil Semerci Project Director STRAS 0212 259 00 00  


Cabbar Yılmaz Director STRAS 0212 259 00 00  


Seynur Agayev General Manager STRAS 0212 229 21 00  


Servet Ülkü ? Petkim 0232 616 12 40  


İsmail Ceylan Engineer Petkim 0232 616 12 40  


? Korkmaz  Petkim 0232 616 12 40  


Bahar Semiz Biologist İzmir Metropolitan 
Municipality 


0232 293 23 34  


? ? İzmir Metropolitan 
Municipality 


0232 293 25 37  
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Name Occupation Employer Phone Number Sign 


? Environmental Engineer İzmir Metropolitan 
Municipality 


0232 293 25 37  


? Demir Technician Petkim 0232 616 41 43  


Zana Akkuş Journalist Günaydın Ege 0232 616 28 78  


Hasan Doğan Specialist Petkim 0232 616 12 40  


Beyhan Yılmaz Project Leader Petkim 0232 616 12 40  


Zuhal Ünal Project Leader Petkim 0232 616 12 40  


Menekşe Sevimli Project Engineer Petkim 0232 616 12 40  


Burcu Kostak Project Expert Engineer Petkim 0232 616 12 40  


Serkan Şen ? Aliağa   


Şule Azbar Environmental Engineer İzmir Metropolitan 
Municipality 


0232 293 13 84  


Şahin Hamarat Environmental Engineer Ege Çelik End. 0232 625 17 00  


Serkan ? Reporter ? = İHA ?  


Tansel ? - Public -  


Selim Özkan - Public -  


Ali Osman Karatekin  Chief Engineer Aliağa Chamber of 
Commerce 


0232 616 41 51  


Şahap Avcı Owner Aliağa Ekspres Newspaper 0232 616 12 03  


? ? ?   


Serdar Yücel Aquaculture Engineer, 
MSc. 


İzmir Metropolitan 
Municipality 


0232 293 14 26  


Figen Dedeb?? Environmental Engineer Ege Çelik End. 0232 625 17 00  


H.??? Mechanical Engineer İzmir Metropolitan 
Municipality 


0232 293 13 57  


Ali Rıza Saklıca Petkim Environmental 
Manager 


Petkim 0232 616 12 40 
/2245 


 


Zahide Bezirci Environmental Engineer, 
MSc. 


İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 33 77  


Ayhan Pınar Chemist İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  
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Name Occupation Employer Phone Number Sign 


Bahar Kasap Environmental Engineer İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  


Alp Kocabar Environmental Engineer İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  


 


 


Picture 1 : Public Hearing Meeting 1st Round-Refinery 
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APPENDIX B  
Material from Stakeholder Engagement Meeting of April 11th 


2011 
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2nd Round Public Hearing Meeting 


The second round meeting was held in Petkim Cultural Center on April 11, 2011. The meeting was 
conducted in Turkish and started with the presentation of the STRAŞ on general Project information. Then, 
Golder made a presentation on the contents and outcome of the environmental and social impact 
assessment; planned mitigation measures and planned environmental and social management plan during 
Project implementations.  


The presentations were followed by a general question answer session. The questions were answered by 
Halil Semerci, the Project Director of STRAS. The one question raised during the meeting is summarized 
below.  


Muharrem Şen (Kültür Mahallesi Muhtarı ): All the information you gave is excellent. However, I request 
from Petkim and SOCAR & Turcas management that employment of local people for the Project rather than 
other regions. Out of 650 employees, how many of them will be employed locally? 


STRAS: We understand your concern. The level of employees will be technicians and operators for this 
Project. It may not be possible to employ 100 percent of them from Aliağa due to the technical skills, 
however Aliağa will be preferred source and the employment opportunities will be offered first here.  


The attendance list of the public hearing meeting is presented below. 
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Caption Text 
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APPENDIX C  
Material from Stakeholder Engagement Meeting of October 
2011 
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Public Hearing Meeting 1st Round Jetty 
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APPENDIX D  
Material from Stakeholder Engagement 20th January 2012 
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Attendance Sheet 


 


  







 
STAR REFINERY- STAKEHOLDER ENGAGEMENT PLAN 


 


MARCH 2013 
Report No. 11513150061 App 15   


 


 


  







 
STAR REFINERY- STAKEHOLDER ENGAGEMENT PLAN 


 


MARCH 2013 
Report No. 11513150061 App 15   


 


 


  







 
STAR REFINERY- STAKEHOLDER ENGAGEMENT PLAN 


 


MARCH 2013 
Report No. 11513150061 App 15   


 


 


Public Hearing Meeting-January 2012 
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The project information  brochure  
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APPENDIX E  
Public Hearing meeting for 3rd and 4th Jetty, December 2012 
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Public Hearing Meeting December 2012 


 


Public Hearing Meeting December 2012 
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APPENDIX F  
Media coverage of the STAR Project 
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Gözlem 9.12.12 
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Haber Ekspres 7.12.12 
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APPENDIX G  
Examples of Recorded Grievances 
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GLOSSARY OF TERMS 
 


Acronym and Abbreviation Definition 


BAP Biodiversity Action Plan 


DM Dead mattes of Posidonia oceanica 


Eco_SFBC_VTC Ecotone between SFBC and VTC 


ESIA Environmental and Social Impact Assessment 


FD Presence of surface hard floor 


HP thin Sparse Posidonia oceanica meadows 


HP_DM Posidonia oceanica and dead matte mosaic meadow 


HP_RCEO_AS 
Mosaic of Posidonia oceanica meadow, RCEO and 
sciaphilous algae 


IFC International Finance Corporation 


IMO International Maritime Organization 


IUCN International Union for Conservation of Nature 


IUCN International Union for the Conservation of Nature 


LSA Local Study Area 


RCEO 
Biocenosis of encrusting calcareous Rodoficee (RCEO) and 
sea urchin 


SAP/BIO 
Strategic Action Program for the conservation of Biological 
diversity 


SFBC Biocenosis of well sorted fine sands 


SFBC_MM Well sorted fine sands and dead mattes 


SFS Biocenosis of fine sands in shallow waters 


SGCF 
Biocenosis of coarse sands and fine gravels under bottom 
currents 


VTC Biocenosis of coastal terrigenous muds 


Vu Vulnerable according to IUCN Risk Classes 
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1.0 INTRODUCTION 


This document has been prepared by Golder Associates S.r.l. and and Golder Associates Ltd. ŞTI 
(collectively referred as “Golder”) for STAR Rafineri A.Ş. (STAR). 


The present document contains the Biodiversity Action Plan and was elaborated within the Environmental 
and Social Impact Assessment Study (ESIA) for Aegean Refinery (STAR) Project 


The document, after an introduction of the main legal requirements, presents an abstract of the impact 
assessment and the action plan. The budget overview and the bibliographic references complete the 
document. 


 


2.0 WHY A BIODIVERSITY ACTION PLAN? 


A Biodiversity Action Plan (BAP) is a “plan to conserve or enhance biodiversity”, more specifically a set of 
future actions that will lead to the conservation or enhancement of biodiversity. 


According to IFC 2012 (Guidance Note 6), where biodiversity values of importance to conservation are 
associated with a project site or its area of influence, the preparation of a Biodiversity Action Plan provides a 
useful means to focus a project’s mitigation and management strategy. 


Biodiversity provides a general “insurance policy” that minimizes the chance of large ecosystem changes in 
response to global environmental change. The larger the number of functionally similar species in a 
community, the greater is the probability that at least some of these species will survive stochastic or 
directional changes in the environment and maintain the current properties of the ecosystem. 


In the present case, the study conducted within the Environmental and Social Impact Assessment (ESIA) for 
the SOCAR & Turcas Aegean Refinery (STAR) Project, identified the presence of Posidonia oceanica in the 
Local Study Area (LSA). P. oceanica is a sea grass particularly important for biodiversity and it is protected 
by local low and international conventions. 


3.0 LEGAL REQUIREMENTS  


In accordance with the IFC 2012 (Guidance Note 6), a Biodiversity Action Plan was formulated in order to 
describe the Project’s mitigation strategy. The Action Plan focus its attention in particular on the critical 
habitats characterized by the presence of P. oceanica and describes actions aiming to increase the marine 
biodiversity of the area. 


In the Annex II of the Bern Convention (1972) P. oceanica is listed as species of flora strictly protected. 
According to SAP/BIO Protocol (Barcelona Convention) (1995), P. oceanica is included in Annex II 
(endangered or threatened species). The importance of the species is also mentioned in the Action Plan for 
the Conservation of Marine Vegetation in the Mediterranean Sea (1999) deriving from Barcelona Convention.  


The Habitat Directive of the European Union (92/42 CEE of 21/05/1992) and its subsequent adaptation to 
technical and scientific progress through Directive 97/62/CE of 27/08/1997, include P. oceanica meadows as 
a priority conservation habitat in Annex 1, habitat 1120 within the European Union. 


Aysel et al. (1994) include P. oceanica within the list of threatened species in Turkey. A Country Report on 
the Strategic Action Plan for Biodiversity in the Mediterranean (SAP – BIO), was created in 2002. The Action 
Plan identified the priority actions and targets for posidonia conservation.  


Even if International Union for the Conservation of Nature (IUCN) Red List of Threatened Species does not 
recognize P oceanica as a critically endangered or endangered species, the above information leads to 
acknowledge posidonia meadows as a critical habitat according to IFC 2012 definitions (PS 6). As a matter 
of fact these habitats are characterized by high biodiversity value and unique ecosystems in line with 
principles and determination of both national and international convention and legislations. 
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4.0 SURVEY OF BIODIVERSITY AND IMPACT ASSESSMENT 


Data and information listed below constitute an abstract of the ESIA for the SOCAR & Turcas Aegean 
Refinery (STAR) Project. The Project includes in the marine area close to the refinery the development of 
new port facilities (wharf and jetties). 


 


4.1 Short Project description 


The Project Site is located at Aliağa Peninsula that is surrounded by Aliağa Town at east, Aegean Sea at 
west, Nemrut Bay at south and Aliağa Bay at north. The Peninsula hosts Petkim facilities, Tüpraş İzmir 
Refinery, a number of deep sea port facilities, jetties, oil terminals and ship breaking facilities. The Projects 
Site is bordered by the Petkim facilities at east and south, and Tüpraş İzmir Refinery at east and north. 
Several ship breaking facilities exist at the northwest of the Peninsula. Aliağa Town center is located at some 
5 km to the east of the Project Site. 


The planned Aegean Refinery which will process 214,000 barrels of crude oil per day consists of 14 inland 
process units, associated storage for feed and product, and various off-site facilities including up to four 
jetties with the associated wharf for crude unloading and product dispatch.  


 


4.2 Study area 


Local Study Area (LSA) investigated during the field work has been defined, during the baseline for the study 
ESIA for Aegean Refinery (Star), with an assessment of the spatial extent of the footprint and an associated 
buffer that includes potential additional effects on the marine fauna. In particular, the LSA comprises the 
Project site plus a surface of about 4.5 km2, which means a coastal stretch buffer of about 4.5 km extending 
about 1 km seawards (Figure 1). 


 







 
BIODIVERSITY ACTION PLAN - ESIA FOR STAR PROJECT  


 


October 2012 
Report No. 12508460716/9409 6 
 


 


Figure 1: Local study area (LSA) 


 


4.3 Baseline Study  


As part of the ESIA for Aegean Refinery (Star) process, literature research has been performed in order to 
document habitat types and species present, or expected to be present, in and nearby the LSA of the 
Project. Moreover, a field investigation was conducted in the LSA to assess any additional information 
regarding presence, distribution and ecological needs of eventual critical habitat and protected species. An 
ecological marine field survey was conducted from 16th to 20th January 2012, and focused, among others, on 
the visual inspections of seafloor features and marine biocenosis colonising the bottom. 


Field survey observations are reported in the following tables. In particular, Table 1 lists biocenosis 
detected both on hard floor and on soft floor. 


Table 1: Biocenosis observed based on field survey 


Hard bottom habitats 
Peres e Picard 
reference [*] 


Description 


HP thin N.30 Sparse Posidonia oceanica meadows 


HP_DM N.30 + N.31 Posidonia oceanica and dead matte mosaic meadow  


RCEO N.20 
Biocenosis of encrusting calcareous Rodoficee (RCEO) and 
sea urchin 


LSA 
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Hard bottom habitats 
Peres e Picard 
reference [*] 


Description 


FD - Presence of surface hard floor 


HP_RCEO_AS N.30 + N.20 
Mosaic of Posidonia oceanica meadow, RCEO and sciaphilous 
algae  


Harbour muddy 
bottom 


- Soft bottom in harbour area 


SFBC N. 45 Biocenosis of well sorted fine sands 


SFS  N. 43 Biocenosis of fine sands in shallow waters 


SGCF N. 54 
Biocenosis of coarse sands and fine gravels under bottom 
currents 


VTC N. 62 Biocenosis of coastal terrigenous muds 


Eco_SFBC_VTC N. 45 + N.62 Ecotone between SFBC and VTC 


SFBC_MM N.45 + N.31 Well sorted fine sands and dead mattes  


DM N.31 Dead mattes of Posidonia oceanica 


[*] The biocenosis observed have been compared to those identified by Peres e Picard (1964) and described also in 
Meinesz A. et al. (1983).  


 


The habitat types extensions within the LSA are reported as percentage in Table 2 below. 


Table 2: Habitat type areas within the LSA 


Habitat Percentage in the LSA 


Sparse Posidonia oceanica meadows 0, 3 % 


Posidonia oceanica and dead matte mosaic meadow  2,5 % 


Biocenosis of encrusting calcareous Rodoficee (RCEO) and sea urchin < 0,1 % 


Presence of surface hard floor 0,3 % 


Mosaic of Posidonia oceanica meadow, RCEO and sciaphilous algae  0,4 % 


Biocenosis of well sorted fine sands 7,5 % 


Biocenosis of fine sands in shallow waters 3,1 % 


Biocenosis of coarse sands and fine gravels under bottom currents 0,1 % 


Biocenosis of coastal terrigenous muds 65, 2 % 


Ecotone between SFBC and VTC 7,3 % 


Well sorted fine sands plus dead mattes  2,8 % 


Soft bottom in harbour area 5,3 % 


Dead mattes  5, 2 % 


TOTAL 100% 


 


The study concluded that the LSA is already interested by several human activities and the biodiversity 
levels are generally quite low in the terrestrial as well as in the marine part of the LSA. However, field survey 
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highlighted the presence of P. oceanica, which represents an important spot of biodiversity, in the northern 
sector of the LSA.  


P. oceanica has been detected in the northern sector of the LSA on hard beds, whilst a broad area in the 
LSA southern sector presents dead “mattes”. Rare spots of P. oceanica and dead mattes have been then 
detected as sparse bunches not mapped. In the northern sector plants of posidonia are present in three 
different formations: i) in patches within dead mattes (about 40,000 m2 considering one third of the sea 
bottom colonized by posidonia and two third by dead mattes); ii) as sparse P. oceanica (about 17,000 m2); iii) 
along with algae on hard substrata (about 5,000 m2 considering one quarter of the hard bottom colonized by 
posidonia). In all formation, the rhizomes’ density is very low and length of leafs is limited. 


Posidonia meadows were present in several areas of the Nemrut bay in the past, as demonstrated by the 
presence of dead mattes. During the last decades, several factors have reduced the extension of the 
meadows, limiting the area colonized by posidonia to the small portion in the northern sector of the LSA. It 
should be noted that the reduction of natural habitats of P. oceanica has been observed in several stretches 
of coast of the Mediterranean Sea, particularly due to various construction works, pollution, drag netting and 
anchoring.   


In addition, in a small portion of the north boundary of the LSA the presence of hard substrata colonized by 
several invertebrate species, including sponges of the Axinella genus, has been observed. This portion of 
rocky area represents, with the few above described zones colonized by the remaining P. oceanica, the 
main hot spots of biodiversity of the LSA. 


 


4.4 Impact assessment 


As part of the ESIA for Aegean Refinery (Star) process, direct and indirect impacts of the Project on marine 
habitat and biodiversity were assessed.  


Potential issues associated with marine habitats and biodiversity have been determined based on a 
professional review of the potential effects of jetty development on the specific conditions present in the 
Project area, taking into account international, national and local priorities within existing national and local 
biodiversity action plans and related priorities. Considering its importance, particular attention has been paid 
to the area characterized by the presence of P. oceanica.  


The qualitative assessment of the impact in the LSA analysed separately the construction of the first two 
jetties (phase 1) and the construction of 1 or 2 additional jetties in the northern section of the area (phase 2). 
The results are briefly summarized below. Moreover, for this Action Plan, two different alternatives had been 
considered. The first scenario consider the construction of only 3 jetties, while in second scenario a fourth 
jetty is added in the northern part of the LSA. 


 


4.4.1 Impact Analysis Methods 


Direct and indirect impacts of the Project on marine habitats and biodiversity, from construction and 
operations phases, were assessed through a qualitative assessment of the LSA, considering mainly the data 
collected during the site survey for ESIA for Aegean Refinery (Star).  
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Figure 2: Illustration of the LSA Biocenosis and of the different Project Phases 
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4.4.2 Impact Assessment Results 


Impacts have been evaluated considering the percentage of habitats covered by the project elements and 
the Project interference within marine biocenosis. 


Phase 1: building of the jetty 1 and jetty 2  


In the following Table 3, the extension of each of the habitats directly impacted by the buildings is reported. 


 


Table 3: Habitat extension directly impacted by the project (phase 1) within the LSA 


Habitat 


Percentage 


compared to the 


total extension 


of the habitat 


within the LSA 


(%) 


Habitats square 


meters directly 


impacted (m
2
) 


Sparse Posidonia oceanica meadows - - 


Mosaic of Posidonia oceanica and dead mattes  - - 


Biocenosis of encrusting calcareous Rodoficee (RCEO) and sea 


urchin 
- - 


Presence of surface hard floor 14.20 1737 


Mosaic of Posidonia oceanica meadow, RCEO and sciaphilous algae  - - 


Soft bottom in harbour area - - 


Biocenosis of well sorted fine sands 8.56 31373 


Biocenosis of fine sands in shallow waters 10.12 15280 


Biocenosis of coarse sands and fine gravels under bottom currents - - 


Biocenosis of coastal terrigenous muds 0.72 23081 


Ecotone between SFBC and VTC 10.17 36207 


Well sorted fine sands and dead mattes  56.64 76904 


Dead mattes of Posidonia oceanica - - 


 


Direct impacts will occur on SFBC, SFBC-DM, Ecotone SFBC-VTC, VTC, SFS and FD habitats that  will be 
involved by construction operation.In the following table, the extension of each of these habitats directly 
impacted by the buildings is reported.  


 


No direct impact will occur on P. oceanica, but indirect impacts could occur and should be monitored. 
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The greatest threat for P. oceanica comes from the pollution of the surface water and the disposal of liquids 
containing hydrocarbons, surfactants and nutrients. The risk of massive discharge of hydrocarbons could be 
evaluated, but it is considered as not occurring during the construction and operational phases of the Project. 
The presence of posidonia should be take into account within the Oil Spill Response Plan. 


Accumulation and sedimentation of fine particles caused by jetties construction also represents a potential 
threat to be considered during the construction phase. On the basis of data from the model sediment SW 
wind and waves could cause a limited accumulation of sediment. In addition, mechanical damage to the 
meadow could occur during the maritime operations mainly due to anchoring and mooring and there is an 
increasing risk of introducing invasive species could affect the biodiversity of the area.  With concerns to 
invasive species, maritime transport is the main vector helping exotic marine species to spread around the 
world. Non-native species are carried in the ballast water or are attached to the boats hulls. 


On the other hand, a potential positive impact on biodiversity could affect the area thanks to the new 
available spaces (hard substrata). In particular the new submerged elements, deriving from the construction 
of the jetties, could create new ecological niches to be mainly colonized by sciaphilous species and juveniles. 
This fact could subsequently increase the biodiversity of the LSA.   


With concerns to invasive species, maritime transport is the main vector helping the exotic marine species to 
spread around the world. Many alien species are transferred into marine ecosystems through the ballast 
water transported during commercial shipping operations or attached to the boats’ hulls. Ballast water can 
also be a vector of new viruses, bacteria or toxic algaemaritime transport is the main vector helping exotic 
marine species to spread around the world. The resulting impact on biodiversity could be potentially 
important. 


 


Phase 2: construction of jetty 3 and jetty 4 in the northern section of the area  


In addition to the impacts deriving from Phase 1, during Phase 2 direct and indirect impacts will occur on the 
P. oceanica mosaic with dead mattes and on the sparse P. oceanica rhizomes (Sparse HP).  This could 
therefore have an impact on flora and fauna species associated and therefore on biodiversity. For the 
calculation of habitat extension directly impacted by the project, two different alternatives had been 
considered. The first scenario consider the construction of only 3 jetties, while in second scenario a 4th jetty 
is added in the northern part of the LSA.   


Since posidonia meadow is a nursery grounds for the juveniles of many commercially important fishes, 
theoretically, the new jetty facility could potentially have an impact on local fishing activity. However, fishing 
is currently banned in the Nemrut bay due to the presence of industrial facilities along the coast, therefore 
the jetty construction will not affect the fishing activities directly and will not reduce the fishing area. It is 
important to note that this impact is predicted to have effects locally and that other larger posidonia meadows 
are present in the Sandarli gulf, thus providing an important marine habitat for the fish population. Moreover, 
as already described for phase 1 of the Project, the introduction of deep rocks used in for the jetty 
construction could lead to the origin of new marine habitats, consequently increasing the catch of species.  


First scenario: construction of the 3rd jetty  


In the following table the extension of each of these habitats directly impacted by the phase 2 (first scenario) 
buildings is reported.   
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Table 4: Habitat extension directly impacted by the project (phase 2, first scenario) within the LSA 


 
Phase 2 (first scenario) Sum of phase 1 and phase 2 (first 


scenario) 


Habitat 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats square 


meters directly 


impacted (m
2
) 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats square 


meters directly 


impacted (m
2
) 


Sparse Posidonia 


oceanica meadows - - 
- - 


Mosaic of Posidonia 


oceanica and dead 
mattes  


0.07 85 
0.07 85 


Biocenosis of 
encrusting calcareous 
Rodoficee (RCEO) 
and sea urchin 


- - 
- - 


Presence of surface 
hard floor 34.83 4259 


49.03 5996 


Mosaic of Posidonia 


oceanica meadow, 
RCEO and 
sciaphilous algae  


- - 
- - 


Soft bottom in harbour 
area - - 


- - 


Biocenosis of well 
sorted fine sands 4.56 16740 


13.12 48113 


Biocenosis of fine 
sands in shallow 
waters 


- - 
10.12 15280 


Biocenosis of coarse 
sands and fine 
gravels under bottom 
currents 


- - 
100.00 6827 


Biocenosis of coastal 
terrigenous muds 0.17 5249 


0.89 28330 


Ecotone between 
SFBC and VTC 3.99 14198 


14.16 50405 


Well sorted fine sands 
and dead mattes  - - 


56.64 76904 


Dead mattes of 
Posidonia oceanica - - 


- - 
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Only 0,07% of the biocenosis P. oceanica and dead matte mosaic meadow will be directly affected by the 
first scenario of phase 2. While “Mosaic of P. oceanica meadow and “Sparse P.oceanica meadows” will not 
be directly affected by the Project.  


 


Second Scenario: construction of the 3rd and the 4th jetties 


In the following table, the extension of each of these habitats directly impacted by the phase 2 (second 
scenario) buildings is reported.  


Table 5: Habitat extension directly impacted by the project (phase 2, second scenario) within the LSA 


 
Phase 2  (second scenario) Sum of phase 1 and phase 2 (first 


and second scenario) 


Habitat 


Percentage 


compared to 


the total 


extension of 


the habitat 


within the LSA 


(%) 


Habitats 


square meters 


directly 


impacted (m
2
) 


Percentage 


compared to 


the total 


extension of 


the habitat 


within the LSA 


(%) 


Habitats square 


meters directly 


impacted (m
2
) 


Sparse Posidonia oceanica 
meadows 64.27 11138 


64.27 11138 


Mosaic of Posidonia oceanica 


and dead mattes  51.3 61801 
51.37 61886 


Biocenosis of encrusting 
calcareous Rodoficee (RCEO) 
and sea urchin 


99.99 615 
99.99 615 


Presence of surface hard floor 
37.98 4644 


87.01 10640 


Mosaic of Posidonia oceanica 


meadow, RCEO and 
sciaphilous algae  


- - 
- - 


Soft bottom in harbour area 
- - 


- - 


Biocenosis of well sorted fine 
sands 3.22 11810 


16.34 59923 


Biocenosis of fine sands in 
shallow waters 15.56 23505 


25.68 38785 
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Biocenosis of coarse sands and 
fine gravels under bottom 
currents 


- - 
100.00 6827 


Biocenosis of coastal 
terrigenous muds 1.52 48574 


2.41 76904 


Ecotone between SFBC and 
VTC 0.75 2682 


14.91 53087 


Well sorted fine sands and 
dead mattes  - - 


56.64 76904 


Dead mattes of Posidonia 


oceanica - - 
- - 
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About 64% of “Sparse P. oceanica meadows” and 51% of “P. oceanica and dead matte mosaic meadow” are 
directly impacted by the Project Phase 2, second scenario.  


 


In general, upon the construction completion, the residual individuals of P. oceanica located close to the 
coastal platform and not directly covered by the new infrastructures could still be impacted due to the port 
activities. It is therefore unlikely that residual plants, in particular those close to the new infrastructures, will 
survive following the threats potentially occurring (i.e. disruption of the sedimentation/erosion balance, 
erosion by boat-trawling and boat anchoring). Rhizomes located on hard substrata in the LSA northern 
sector could survive if mitigation measures suggested below will be applied.  


In addition, the hard substrata colonized by sponge and sciaphilous algae represents another hot spot of 
biodiversity. This ecotype is located in the northern part of the LSA close to the wharf north limit and about 
400 m from the jetty 4. These habitats are particularly sensitive to the increase of sedimentation and could 
be impacted indirectly. 


 


5.0 AIMS AND OBJECTIVES  


The main purpose of this Action Plan is to mitigate significant residual impacts in critical habitats, according 
to the IFC 2012 (Guidance Note 6). Specific objectives are listed below; for each objective a series of action 
is identified including completion indicators or monitoring targets, the responsible party and a timeframe. (see 
6.0). The objectives were chosen on the base on the impact assessment analysis that highlighted the 
priorities. 


Main objectives: 


� preserve habitats characterized by the presence of P. oceanica;   


� increase the biological value of the new submerged elements deriving from the construction of the 
jetties; 


� avoid spreading of exotic species; 


� monitor the presence of marine mammals and marine reptiles; 


� engage stakeholders before and through the duration of the action plan. 


Given that closure will not occur for at least 30 years and that the area is designated for on-going industrial 
use, it is not useful to comment in any detail on mitigation measures during closure. Such planning would 
occur close to the closure period once closure objectives are decided. 


 


6.0 PROSPECTED ACTIONS AND TARGETS 


Preserve habitats characterized by the presence of Posidonia oceanica and 
hard bottom communities  


Posidonia meadows are considered the basis of the richness of Mediterranean coastal waters, due to the 
surface area they occupy and to the essential part they play at biological level in maintaining the coastal 
equilibrium and their concomitant economic activities (Boudouresque et al. 2006). P. oceanica is an 
important habitat forming species and provides habitat for many species. Nursery grounds for the juveniles of 
many commercially important fishes and invertebrates. Posidonia meadows are, at the same time, a very 
important factor in the diminishing of coastal erosion. 


P.oceanica is abundant in the Mediterranean, however there is evidence that the population is declining in 
the Mediterranean Sea, particularly due to various anthropogenic disturbances (e.g. construction works, 
pollution, drag netting, anchoring, etc.). It is therefore important to take into great consideration the presence 
of this critical habitat and implement concrete actions to preserve it. 
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Table 6: Actions identified for preserving habitats characterized by the presence of P. oceanica 


Action Target Responsible party Timeframe 


The Project footprint will be minimized to the 
smallest extent possible to meet and support 
the Project works and activities.  


Minimize 
footprint 


STAR Rafineri A.Ş.  


During planning 
stage, before 
the beginning of 
the two phases 


Inadvertent disturbance to sensitive habitats 
will be controlled through clear demarcation of 
the P. oceanica meadow’s and hard bottom 
communities boundaries using small buoys 
positioned by scuba divers. In addition, 
explicative boards about the importance of this 
ecosystem and the significance of the buoys 
will be placed on jetties. 


Visible 
delimitation of 
posidonia 
extension  


STAR Rafineri A.Ş.  


Before the 
beginning of the 
construction 
phases. The 
demarcation 
will be 
maintained 
during the life of 
the Project 


An accurate baseline study on P. oceanica will 
be performed in order to obtain information 
about density, phenology and lepidochronology 
of the meadow. 


Data on the 
status of 
posidonia in 
Nemrut bay 


STAR Rafineri A.Ş. 
Scientific experts 
involvement is 
recommended. 


Before the 
beginning of the 
construction 
phases; with a 
six monthly 
frequency 
during the 
construction 
phases, then, 
during the 
operational 
phase with an 
annual 
frequency 
during the first 
2 years 


In order to avoid filling material spreading out 
through the marine environment, structural 
measures will be applied to protect posidonia 
and hard bottom communities located in the 
northern section of the study area from 
sediment accumulation (es. silt curtains and 
containment booms). 


 
Application of  
measures to limit 
spreading of 
filling material by 
all teams 
working on site  


STAR Rafineri A.Ş.  


During Phase 1 
and Phase 2, 
whenever 
needed 
 


Any accidental discharges will be reported 
through an incident reporting system, and the 
response actions taken for facing the 
contingency will be reported, thus providing 
sea bed/water contamination monitoring and 
control.  


Limiting/avoiding 
incidental 
discharge 


STAR Rafineri A.Ş.  


During planning 
stage, and 
through the life 
of the project 
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In case the 4th jetty is built (second scenario), 
posidonia located directly under the northern 
part of the wharf and under the jetty 4 (i.e. 
around the new infrastructures planned within 
a 10 meters buffer area) will be replanted as  
compensative measure. Considering the area 
impacted and the mean cover percentage of 
posidonia, we expected about 10,000 - 15.000 
m2 of posidonia to be re-planted. Some details 
about the replanting operation are available in 
the box below.  


Survival of the 
transplanted 
individuals 


STAR Rafineri A.Ş. 
Scientific experts 
involvement is 
recommended 


Before the 
beginning of 
phase 2 


 


 


Box - Replanting of Posidonia oceanica 


A re-planting operation requires preliminary survey aiming to select suitable re-planting site/s, campaigns of 
replanting operations and 2-5 years of monitoring1. 
 
Preliminary survey 
Preliminary survey aims to obtain useful information about the pre-selection of suitable re-planting sites.  
As a rule the following general scheme is carried out. 


� Indirect surveys: a pre-screening based on indirect surveys (multibeam and SSS)  


� Direct surveys: direct surveys by SCUBA divers is conducted in order to assess: i) sedimentological 
characteristics; ii) the homogeneity and the compactness of the dead matte  


� Desktop studies:  
- hydrodynamic boundaries, the beach profile zoning, general bathymetric data are collected from 
literature (if available). 
- Human pressure potentially affecting the re-planted P. oceanica is evaluated and assessed. 
 


Re-planting operations 
P. oceanica rhizomes are collected by specialized professional scuba divers in the area directly interested 
by the jetty. Operators will then fix manually out of the seawater the rhizomes on the replanting tools used 
(e.g. nets, biodegradable plastic stars, etc). Density of about 30 rhizomes m2 in each re-planting unit is 
normally assured.  
In order to prevent thermal shock or dehydration, during this operative stage, the plants are kept constantly 
submerged and fixed-temperature until transplantation. 
Re-planting units are transported to the selected area, where specialized divers will place it manually on the 
sea-floor, covering the reforestation site. All activity steps need to be performed with the shortest possible 
time span, in order to minimize the stress of the plants related to cutting and handling activities. 
 


 


Increase the biological value of the new submerged elements deriving from 
the construction of the jetties 


The additional fish habitats provided by artificial structures attract fish for many reasons, including protection 
from predators, feeding opportunities, shelter from currents, and extra settlement habitat for recruitment. 
Both the presence of artificial structures and the benthonic organisms colonising those structures influence 
associated fish assemblages. The physical characteristics (material, complexity, size, etc) of the structure 
also influence fish assemblages. 


                                                      


1 Monitoring activities for posidonia re-planting are described in paragraph 6. 
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The presence of new jetties and wharfs constitutes an increasing of hard substrata and artificial habitats for 
fish and invertebrates. In additions, in order to further increase their biological value, artificial submerged 
structures can be improved by the addition of ad hoc modules addressed to improve biodiversity (artificial 
reefs). The use of different fish habitats modules should be evaluated case by case during planning and 
construction stages.  


 


Table 7: Actions identified to increase the biological value of the new submerged elements 


Action Target 
Responsible 
party 


Timeframe 


Where applicable, ad hoc small concrete 
perforated modules will be accumulated at the 
base of the piers in order to offer additional 
ecological niches for marine flora and fauna 
species. Artificial fish habitat modules should not 
be placed on muddy bottom in order to avoid 
subsidence. 


In addition, where applicable, ad hoc artificial 
fish habitat modules could be incorporated into 
jetties and similar infrastructure wherever 
appropriate. Artificial fish habitat structures 
should be sized to fit under piers, and other 
support structures. By remaining under existing 
structures, fish habitat enhancements are less 
likely to cause aesthetic and boating safety 
issues.  


Increase fish 
assemblages and 
recruitment 


STAR Rafineri 
A.Ş.  


During planning 
stage, after the 
building of the 
submerged 
infrastructures 
(phase 1 and 
phase 2). 


 


Avoid spreading of exotic species 


The introduction of non-native species to an ecosystem could have a potentially important impact on 
biodiversity. Moreover, non-native species could represent a danger for human health and have potential 
consequences for the local economy. The resulting impact on biodiversity could be potentially important. 


Check and manage ballast water in order to mitigate the transfer of harmful and pathogenic organisms and 
alien species can reduce the risk of invasion. The mitigating measures recommended by International 
Maritime Organization (IMO) (Tamelander et al., 2010) are included in this Action Plan. 


Table 8: Actions identified to avoid spreading of exotic species 


Action Target Responsible party 
Timeframe 


Avoiding ballast water uptake in 
shallow and turbid areas, e.g. 
where propellers can stir up 
sediment, and avoiding uptake at 
night when many organisms 
migrate vertically to feed, reduces 
the number of organisms that enter 
ballast water tanks 


Minimizing uptake of 
organisms into ballast 
water tanks. 


STAR Rafineri A.Ş.  


During the construction 
and operational 
phases, through the 
duration of the Project. 
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Ballast water should be exchanged 
between ports, mid-ocean and in 
deep water, in order to reduce the 
risk of organisms carried in the 
water finding a suitable 
environment on discharge. 


Limit invasion of alien 
species 


STAR Rafineri A.Ş.  


During the construction 
and operational 
phases, through the 
duration of the Project. 


Routine cleaning of ballast water 
tanks and removal of sediment in 
mid-ocean or at specific facilities 
provided in port reduces the 
number of organisms that are 
transported. 


Limit invasion of alien 
species 


STAR Rafineri A.Ş 


During the construction 
and operational 
phases, through the 
duration of the Project. 


Discharge ballast water on land 
where treatment facilities exist. 
Discharge of ballast water to 
reception facilities prevents 
organisms transported in ballast 
water from release into the wild. 


Limit invasion of alien 
species 


STAR Rafineri A.Ş.  


During the construction 
and operational 
phases, through the 
duration of the Project. 


Regularly monitor the presence of 
invasive species. 


Assess the invasion 
of alien species 


STAR Rafineri A.Ş.  


During the construction 
and operational 
phases, through the 
duration of the Project 
yearly. 


 


Monitor the presence of marine mammals and marine reptiles 


Based on scientific literature nursery, nesting  or feeding areas for marine mammals and marine turtles are 
not present within the LSA or close to it. Furthermore, considering that the project area is already strongly 
modified by human activities and infrastructures, the presence of populations resident in the LSA can be 
excluded.  


However, marine turtles, Caretta caretta (protected by Barcelona Convention) and Chelonia mydas, and 
cetacean, especially Tursiops truncatus, maybe occasionally present in the area surrounding the Project. 
While, considering the features of the LSA, the presence of Monk seal is excluded since this species inhabits 
quiet and isolated islets and islands, calm beaches and underwater caves (IUCN 2012).  


The eventual presence of marine turtles and cetacean in the Project area will be monitored during the Project 
life. 


Table 9: Actions monitor the presence of marine mammals and marine turtles before and through the 
duration of the action plan 


Action Target Responsible party Timeframe 


Once a year, between July and 
August, a trained biologist should carry 
out an survey of turtle nests on the 
beaches present around the Project 
area in a buffer of 5 km. 


Monitor the presence 
of marine turtles 
around the Project 
area 


STAR Rafineri A.Ş. 


During the 
construction and 
operational 
phases, through 
the duration of the 
Project 
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A register of cetacean strandings in a 
buffer area of 10 km should be kept.     


Monitor the presence 
of cetacean 
strandings around the 
Project area  


STAR Rafineri A.Ş. 


During the 
construction and 
operational 
phases, through 
the duration of the 
Project 


 


Engage stakeholders before and through the duration of the action plan 


Data resulting from the survey, analysis of existing information and monitoring should be reported to 
stakeholders as a means of soliciting feedback and additional input. In some cases feedback may identify 
additional gaps that indicate a need for additional focused field studies. Maintain communications with 
stakeholders and partners it is important in order to communicate the results of performance versus 
expectations. 


Table 10: Actions identified to engage stakeholders before and through the duration of the action 
plan 


Action Target Responsible party Timeframe 


Specific information and best practice 
will be shared with all the organizations 
working during the different phases of 
the Project in order to avoid 
inadvertent disturbance to critical 
habitats and repopulating 
infrastructures or the introduction of 
alien species. 


Avoid/limit 
disturbance to critical 
habitats and 
repopulating 
infrastructures or 
introduction of alien 
species. 


STAR Rafineri A.Ş.  


During the 
construction 
phases and 
through the 
duration of the 
Project. 


Permanent boards explaining the 
importance of P. oceanica habitat and 
artificial reefs modules will be placed 
on the jetties. The boards will also 
explain locations and demarcation 
signs. The concepts will be expressed 
both in Turkish and English. 


Avoid/limit 
disturbance to critical 
habitats and increase 
stakeholder 
awareness  


STAR Rafineri A.Ş.  


At the end of 
phase one and of 
phase 2. The 
boards will be 
maintained during 
the life of the 
Project. 


An annual report analysing and 
explaining the results of the monitoring 
will be prepared (if applicable, a 
simplified version of the report should 
be available for public consultation). 


Monitor the action 
plan implementation 
and increase 
stakeholder 
awareness 


STAR Rafineri A.Ş.  
Every year starting 
from the beginning 
of phase 1. 


 


 


7.0 MONITORING, EVALUATION AND IMPROVEMENT 


Monitoring is the only way to ensure that impacts are correctly prevent, minimise, or (as a last choice) offset 
according to the Action Plan. It also provides valuable information on the success of the Project and can help 
in future decision-making.  
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If objectives and targets are not met, with an appropriate monitoring system, it is possible to identify causes 
and take appropriate steps to modify objectives or improve the action plans. It is therefore important to 
regularly review BAP indicators and performance against objectives, targets and stakeholder expectations. 
Moreover, assessing biodiversity status, enable to make adjustments to reflect changes in biodiversity as 
resulting from company activities. Targets themselves will need periodic review as conditions change and it 
is important that the outcomes of monitoring exercises are shared with stakeholders and experts able to 
assist in interpreting and analyzing data. 


STAR Rafineri A.Ş. will commission experts to conduct the monitoring, the evaluation of the results and the 
reporting on the progress being made on individual actions. It will be responsible for the implementation of 
possible changes in the Action Plan suggested by the monitoring results. 
 


Preserve habitats characterized by the presence of Posidonia oceanica and 
hard bottom communities  


With respect to the sedimentation regime and the posidonia meadow’s status, monitoring of sedimentation 


on marine assemblages is suggested. The monitoring will be performed with the use of ad hoc sediment 
marks with centimeter scale during construction and operational phases. During the construction phases 
scuba divers should regularly verify and photograph the sediment level variation on the sea bottom. 
Monitoring should be performed with a six monthly frequency during the construction phases, then, during 
the operational phase with an annual frequency during the first 2 years. 


Two stations located within the posidonia meadows should be monitored ante operam and during 


the construction applying phenology, lepidochronology and balisage methods. Regular monitoring 
should be performed with a six monthly frequency during the construction phases, then, during the 
operational phase with an annual frequency during the first 2 years. The regression or expansion of P. 
oceanica meadow will be evaluated through the confrontation of photographs from different monitoring. 


In addition, in case the re-plantation activities are carried out, an ad hoc monitoring focused on re-planted 


posidonia should be undertaken (phase 2 - second scenario). The monitoring of the re-planted posidonia 
should be performed by scuba divers and the analysis should be carried out by using non-destructive 
methods. The measures should involve some descriptors of health status of meadow as:  


� survival rate of shoots;  


� shoot density and length;  


� leaf necrosis;  


� radication;  


� leaf epiphyte community; 


� sexual and vegetative reproduction.  


An appropriate frequency of monitoring activities should be chosen after the planning of re-planting 
operations. However, since scientific literature highlights that the survival rate of P. oceanica shoots is 
dramatically reduced in the early months after replanting operations, while becoming almost stable after four 
to five months, the following frequency of monitoring should be considered: Time 1: 1 month after the re-
planting operations; Time 2: 3 months after the re-planting operations; Time 3: 6 months after the re-planting 
operations; Time 4: 12 months after the re-planting operations; Time 5: 18 months after the re-planting 
operations; Time 6: 24 months after the re-planting operation. 


In case the monitoring activities on posidonia re-planting operations show the un-success of the re-planting, 
additional targets and actions for the compensation of habitat loss will be identified together with national 
NGO or international organizations and in compliant with the “Plan for the Conservation of Marine Vegetation 
in the Mediterranean Sea” (UNEP-MAP-RAC/SPA, 1999). 
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Increase the biological value of the new submerged elements deriving from 
the construction of the jetties. 


Artificial submerged structures will be monitored annually by scuba divers. Scuba divers will record the 
species of fish present around the structures and estimate the abundance using appropriate visual census 
methods (e.g. Harmelin-Vivien et al 1985). 


 


Avoid spreading of exotic species. 


During the monitoring of P. oceanica habitat and jetties structures, the presence of marine exotic species 


will be recorded regularly (at least once a year), together with other important information as number of 
individuals, position, habitat and depth. The ships using the Project facilities will be ask to apply the 
measures recommended by International Maritime Organisation (IMO). 


 


Monitor the presence of marine mammals and marine reptiles 


The eventual presence of marine turtles and cetacean in the Project area will be monitored during the Project 
life. The results of the monitoring activities will be expressed in the annual report.  


If the presence of nesting marine turtles is observed, or if there is an anomalous presence of  cetacean 
strandings in the area additional mitigation measures will be put in place. These measures should be 
identified according to the species and the area involved. Therefore it is not possible to plan them in advance 


 


Engage stakeholders before and through the duration of the action plan 


A STAR responsible will ensure that an annual report is made available to all the stakeholder interested 
(e.g. fishermen of the Aliaga port). 


 
 


8.0 BIODIVERSITY RESIDUAL IMPACTS 


Residual impacts are assessed for phase 1 and for phase 2 of the project. 


Phase 1: building of the jetty 1 and jetty 2 


During this phase no direct impact will occur on P. oceanica or on hard bottom communities. Potential 
indirect impacts due to inadvertent mechanical disturbance, sediment accumulation and pollution will be 
limited thanks to the mitigation measures expressed in paragraph  6.0.  


In the same way possible impacts deriving from the introduction of alien species will be mitigated through the 
implementation of the proposed actions. 


Artificial structures will increase habitat diversity by providing ‘hard’ surfaces in largely ‘soft’ natural habitats 
(Jensen et al, 2000; Relini et al., 1997). Structures such as jetties and seawalls can provide potential 
additional fish habitat over a relatively large spatial scale (Clynick, 2002). This biodiversity increasing can be 
further amplified by adding special modules at the base of the piers and within port infrastructures, as 
proposed in the action plan. Designed features can provide an enhanced habitat, help to develop diverse, 
productive biological communities and form part of the complex of habitats available to fish.  
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The indirect impact on P. oceanica will be mitigated and compensate with the new habitats created by jetties, 
wharfs and special artificial modules. Overall, environmental consequences on biodiversity for phase 1 are 
expected to be zero, or even positive if mitigation measures are effectives.  


 


Phase 2: construction of jetty 3 and jetty 4 in the northern section of the area 


First scenario: construction of jetty 3 


During this phase very limited direct impact will occur on P. oceanica, while no direct impact will occur on or 
on hard bottom communities. Potential indirect impacts due to inadvertent mechanical disturbance, sediment 
accumulation and pollution could be more important because added to those of phase 1. However, they will 
be mitigated and monitored as expressed in paragraphs  6.0 and 7.0. 


In contrast, a new artificial structures will offer more ‘hard’ surfaces and fish habitats as expressed in phase 
1. 


The direct and  indirect impacts on P. oceanica  will be mitigated and compensate with the new habitats 
created by the artificial structures. Overall, environmental consequences on biodiversity for the first 
scenario phase 2 are expected to be zero if mitigation measures are effectives. 


Second Scenario: construction of jetty 3 and 4 


Direct and impacts will occur on the P. oceanica mosaic with dead mattes and on the sparse P. oceanica 
rhizomes (Sparse HP). Hard bottom communities will also be impacted. Indirect impacts will affect plants and 
hard bottom communities located up to the coastal platform and not directly covered by the new 
infrastructures particular these close to the new infrastructures (see paragraph 6.0). However, some of the 
rhizomes and the benthos communities associates to hard substrata could survive if mitigation measures 
suggested will be applied. Scientific literature shows that relatively healthy P. oceanica meadows can thrive 
also in highly developed areas. In some areas, there is evidence of recolonization by P. oceanica after the 
human impact ceased or was reduced, but the process of recolonization is extremely slow, i.e. a few 
centimetres per year (Pergent-Martini et al. 1999).  


Impacts on posidonia located directly under the northern part of the wharf and under the jetty 4 (i.e. around 
the new infrastructures planned within a 10 meters buffer area) could not be likely avoided. Therefore, for 
this scenario, an action of transplantation is required for those individuals directly impacted by the 
infrastructure. Posidonia re-planting will be carried out using tested methods, set during 40 years of studies 
and experiences carried out in the Mediterranean Sea (Gravez and Boudouresque, 2003).  


The direct and indirect impacts on P. oceanica will be mitigated; moreover impacts will be compensated with 
the new habitats created by jetties, wharfs and special artificial structures and with the re-planting of 
posidonia (if carried out with success). Overall, environmental consequences on biodiversity for the 
second scenario of phase 2 are expected to be close to zero only if mitigation measures are effectives and 
the transplantation is successful.  


 


9.0 REPORTING AND COMMUNICATION  
 
During the life of the Project a Biodiversity Report will be issued annually to present biodiversity related 
activities, monitoring results and BAP progress. It will be integrated in other company environmental or 
sustainable development reports or considered as a separate stand-alone publications. If applicable, a 
simplified version of the report will be available for public consultation. 


Permanent board will be placed in strategic position on the jetties in order to communicate the importance of 
marine habitats present in the area and the activities put in place for their preservation. Moreover, other less 
formal way of communication will be considered in order to distribute information internally and externally 
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(e.g. community newsletters, website). Engagement with local media may also be considered for the launch 
of the Project.  


 


10.0 BUDGET  OVERVIEW 


For each of the objectives of the Action Plan and for the planned monitoring activities the scheduled actions 
and the relevant estimated rough budgets are indicated in the tables below.  


The estimated costs are indicated as range and are mainly based on professional experience. All costs 
reported herein are in 2012 year Euro. 


 
Table 11: Preserving habitats characterized by the presence of P. oceanica – Actions and budget 


Action 
Rough Budget 


(Euro) 


The Project footprint will be minimized to the smallest extent possible to meet 
and support the Project works and activities.  Not computable 


Inadvertent disturbance to sensitive habitats will be controlled through clear 
demarcation of the P. oceanica meadow’s and hard bottom communities 
boundaries using small buoys positioned by scuba divers. In addition, 
explicative boards about the importance of this ecosystem and the 
significance of the buoys will be placed on jetties. 


5,000-10,000 


An accurate baseline study on P. oceanica will be performed in order to obtain 
information about density, phenology and lepidochronology of the meadow. 


3,000 – 4,000 for each 
campaign 


In order to avoid filling material spreading out through the marine 
environment, structural measures will be applied to protect posidonia and hard 
bottom communities located in the northern section of the study area from 
sediment accumulation (es. silt curtains and containment booms). 


Not computable 


Any accidental discharges will be reported through an incident reporting 
system, and the response actions taken for facing the contingency will be 
reported, thus providing sea bed/water contamination monitoring and control.  


1,000/year 


In case the 4th jetty is built (Phase 2 - second scenario), posidonia located 
directly under the northern part of the wharf and under the jetty 4 (i.e. around 
the new infrastructures planned within a 10 meters buffer area) will be 
replanted as  compensative measure. Considering the area impacted and the 
mean cover percentage of posidonia, we expected about 10,000 - 15,000 m2 
of posidonia to be re-planted. Some details about the replanting operation are 
available in the box below.  


300-500/square meter 
 
The precise extension 
of the sea bottom 
interested by 
posidonia must be 
assessed. With the 
available data we can 
consider an extension 
between 10,000 and 
15,000 square meters. 
The estimated cost for 
all the operation can 
range between 3 
millions of Euro to 7,5 
millions of Euro.  
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Table 12: Increase the biological value of the new submerged elements - Actions and budget 


Action 
Rough Budget 


(Euro) 


Where applicable, ad hoc small concrete perforated modules will be 
accumulated at the base of the piers in order to offer additional ecological 
niches for marine flora and fauna species. Artificial fish habitat modules 
should not be placed on muddy bottom in order to avoid subsidence. 


In addition, where applicable, artificial fish habitat modules could be 
incorporated into jetties and similar infrastructure wherever appropriate. 
Artificial fish habitat structures should be sized to fit under piers, and other 
support structures. By remaining under existing structures, fish habitat 
enhancements are less likely to cause aesthetic and boating safety issues. 


The cost depends on 
the cubic meter of 
artificial habitats 
created. A medium 
estimate can be 
between 200,000  and  
500,000 euro  


 


Table 13: Avoid spreading of exotic species - Actions and budget 


Action 
Rough Budget 


(Euro) 


Avoiding ballast water uptake in shallow and turbid areas, e.g. where 
propellers can stir up sediment, and avoiding uptake at night when many 
organisms migrate vertically to feed, reduces the number of organisms that 
enter ballast water tanks 


Not computable 


Ballast water should be exchanged between ports, mid-ocean and in deep 
water, in order to reduce the risk of organisms carried in the water finding a 
suitable environment on discharge. 


Not computable 


Routine cleaning of ballast water tanks and removal of sediment in 
mid-ocean or at specific facilities provided in port reduces the number of 
organisms that are 
transported. 


Not computable 


Discharge ballast water on land where treatment facilities exist. Discharge of 
ballast water to reception facilities prevents organisms transported in ballast 
water from release into the wild. 


Not computable 


Regularly monitor the presence of invasive species. 


Action carried out 
during other  
monitoring activities 
(posidonia, fish visual 
census), no 
computable separately 


 


Table 14: Engage stakeholders before and through the duration of the action plan - Actions and 
budget 


Action 
Rough Budget 


(Euro) 


Specific information and best practice will be shared with all the organizations 
working during the different phases of the Project in order to avoid inadvertent 
disturbance to critical habitats and repopulating infrastructures or the 
introduction of alien species. 


Not computable 
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Permanent boards explaining the importance of P. oceanica habitat and 
artificial barriers will be placed on the jetties. The boards will also explain 
locations and demarcation signs. The concepts will be expressed both in 
Turkish and English. 


2,000 – 3,000 


An annual report analysing and explaining the results of the monitoring will be 
prepared (if applicable, a simplified version of the report should be available 
for public consultation). 


3,000-4,000 


 


 


Table 15: Monitoring activities - Actions and budget 


Action 
Rough Budget 


(Euro) 


Monitoring of sedimentation on marine assemblages. Six monthly frequency 
during the construction phases, then, during the operational phase with an 
annual frequency during the first 2 years. 


3,000 -
5,000/campaign 


Two stations located within the posidonia meadows should be monitored ante 


operam and during the construction applying phenology, lepidochronology 
and balisage methods 


Already estimated 
within the objectives: 
Preserving habitats 
characterized by the 
presence of P. 
oceanica (Table 11) 


Ad hoc monitoring focused on re-planted posidonia (Phase 2 - second 
scenario). 6 campaigns during 2 years after the replanting operation 


15,000-30,000 / 
campaign 


Annual fish monitoring on new submerged artificial habitats 4,000 – 
6,000/campaign 


Record of the presence of marine exotic species  


Action carried out 
during other  
monitoring activities 
(posidonia, fish visual 
census), not 
computable separately 


Annual report on biodiversity available for all the stakeholder interested 1,000-2,000  


 







BIODIVERSITY ACTION PLAN - ESIA FOR STAR PROJECT  


 


October 2012 
Report No. 12508460716/9409 27 


 


11.0 BIBLIOGRAPHY 
 


Aysel, V., Sukatar, A., Güner, H. 1994. Türkiye Denizlerinde Nesli Tükenmekte Olan Algler ve Çiçekli Bitkiler. 
E.Ü. Fen Fakültesi. 


Boudouresque C.F., Bernard G., Bonhomme P., Charbonnel E., Diviacco G., Meinesz A., Pergent G., 
Pergent-Martini C., Ruitton S., Tunesi L. 2006. Préservation et conservation des herbiers à Posidonia 
oceanica. RAMOGE pub. : 1-202 


Clynick B., 2002. A novel fish habitat in Sydney Harbour. Centre for Research on Ecological Impacts of 
Coastal Cities newsletter, University of Sydney, June 2002. 


Dergisi, Seri B, Ek 16/1: 903-917. IUCN, 2012. Red List of Threatened Species. IUCN Species Survival 
Commission. IUCN, Gland, Switzerland and Cambridge, UK. 


IFC 2012. Guidance Note 6. 29-35 pp. 


IFC 2012. Guidance Note 6. Annex A.  


IFC 2012. Performance Standard 6. 6-7 pp. 


IMO, 2004. International Convention for the Control and Management of Ships' Ballast Water and Sediments 
(BWM). 6 pp. 


Jensen A.C., Collins K.J. and  Lockwood A.P.M. (2000). Artificial Reefs in European Seas. Kluver Academic 
Publisher. 508 pp. 


Öztürk B., 2002. Country Report on the Strategic Action Plan for Biodiversity in the Mediterranean (SAP – 
BIO) – Turkey. 


Pergent-Martini, C., Pergent, G., Fernandez, C., Ferrat, L., 1999. Value and use of Posidonia oceanica as a 
biological indicator. In: Ozhan, E., (Ed.), Land-ocean interactions: managing coastal ecosystems. Proceeding 
MEDCOAST 99–EMECS 99 Joint Conference MEDCOAST, Middle East Technical Univ. Publ, Ankara. 73–
90.  


Relini G., Relini M., Torchia G., 1997. Fish assemblages in the Ligurian artificial reef (N-W Mediterranean). 
Proceedings of the 30th European Marine Biological Symposium, Southampton, UK, September 1995: 337 – 
343. 


Tamelander J., Riddering L., Haag F., Matheickal J., 2010. Guidelines for Development of National Ballast 
Water Management Strategies. GEF-UNDP-IMO GloBallast, London, UK and IUCN, Gland, Switzerland. 
GloBallast Monographs No. 18. 


UNEP-MAP-RAC/SPA, 1999. Plan for the Conservation of Marine Vegetation in the Mediterranean Sea. 47 
pp. 


 
 


 


 


 







BIODIVERSITY ACTION PLAN - ESIA FOR STAR PROJECT  


 


October 2012 
Report No. 12508460716/9409  


 


Report Signature Page 


 


GOLDER ASSOCIATES S.R.L.  


 


 


 


Giovanni Torchia Livia Manzone 
PM PD 
 


 


 


C.F. e P.IVA  03674811009 


Registro Imprese Torino  


società soggetta a direzione e coordinamento di Enterra Holding Ltd. Ex art. 2497 c.c.  


  


  


 


 







 


 


 


 


Golder Associates S.r.l. 


Banfo43 Centre 


Via Antonio Banfo 43 


10155 Torino 


Italia 


T: +39 011 23 44 211  


 








 


STAR PROJECT  


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA   
     


 


Appendix 2: Site Photos 


(Photos Taken During Golder Visit to the Project Site; Photos from STAR; Photos from Local EIA Report) 
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View of project site 
(at left-hand side, 
including large 
storage tanks 
area), adjacent 
Petkim site (at 
right-hand side) 
and adjacent 
Tüpraş Refinery 
(far back-side). 


 


View of border of 
project site with 
the adjacent 
forestry (has been 
forestrated by 
Petkim). The only 
natural creek at 
the project site, 
dried from Spring 
to Autumn. 


Geotechnical 
Investigations at 
Project Site 
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View of project site 
from existing 
Petkim jetty 


 


View of existing 
Petkim Jetty and 
at far back iron & 
steel industries 


 


View of the area of 
maximum SO2 – 
NO2 
concentrations 
(highest elevations 
at far back) 
according to the 
air modeling in 
present EIA 
Report  
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View of closest 
settlements at 
Yenifoça to the 
south of project 
site 


 


View of project site 
from the 
settlements at 
Yenifoça 


(Golder site visit) 


 


View of Petkim 
from Yeni Foça 
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Source: 
STAR 


 


 


 


 


Source: 
Local EIA 
Report 
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Source: Local 
EIA Report 


(view from Port 
Facilities at 
Nemrut Bay)” 
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Source: STAR 
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Land Property Documents 
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Petkim General Directorate Official Letter Concerning the Utilization of the Petkim’s 
Infrastructure Facilities by the Refinery 
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PETKIM PETROKİMYA HOLDİNG A.S. 
GENERAL DIRECTORATE 


 


TO WHOM IT MAY CONCERN 


 
SOCAR & TURCAS Rafineri A.S. has demanded to rent the land that is under property of our Company and 
present in our Aliağa facilities to establish an oil refinery for 49 years and this matter has been decreed by 
Board of Directors of both Companies with assent. Refinery to be established is foreseen to be designed 
directed at production of naphtha that is raw material needed by our Company. Within this frame, it has been 
planned to provide auxiliary services needed by the new Refinery as transfer by facilities within our Company 
and may be extended when necessary within the frame of an agreement to be made with conditions deemed 
as suitable mutually. 


Within the frame stated above: 


1- If demanded; utilities such as Electricity, Steam, Water, Air, Nitrogen will be provided by existing facilities, 


2- All waste water to arise in the refinery (dirty process water, rain water, tank drainage water) will be treated 
at Waste Water Treatment facility in our Company and given to receiver environment (sea). 


3- Hazardous wastes to arise within refinery (tank bottom mud, used catalysis, etc.) will be disposed within 
the frame of legislation foreseen at licensed Solid Waste Burning Facility that displays activity within our 
Company. 


4- Pier and port facilities established within our Company will be used for discharge of raw oil coming to the 
refinery and sales and import services of products. 


Yours sincerely, 
Abdulkadir TUNCER     Kenan Yavuz 
Vice General Manager     General Manager 
(Operations) 
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Opinion of T.R. Aliağa District Directorate of Agriculture 
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TO T.R. 


ALİAĞA DISTRICT GOVERNORATE 


District Agriculture Directorate 


 


Number: B.12.4.İLM.0.35.22.00/1433       15/10/2008 
Subject: Parcel no. 6310        ALİAĞA 
 


 
 
PETKİM PETROKİMYA HOLDİNG A.S. 


GENERAL DIRECTORATE 
CONCERN: Your writing no. 504/D-376 and dated 15/10/2008 
In the examination made in accordance with your related writing; parcel no. 6310 in Aliağa County, 
Arapçiftliği site and in nature of field was not assessed as grazing area in accordance with provisions of 
grazing area law no. 4342. 
For your information, 


 
 
 
E. Osman BULGURLU 
District Governor 


Signature 
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Opinion of Aliağa Municipality 
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T.R. 


ALİAĞA MUNICIPALITY 


Directorate of Environment Protection and Control 


 


Number: M.35.6.ALİ.0.22/345-3108      ALİAĞA 
Subject:         11.05.2009 


 
 
ENERJİ VE ÇEVRE YATIRIMLARI A.S. 
Çetin Emeç Bulvarı 8. Cadde 


No:7 Asağı Öveçler 
ANKARA 


 
 
 
Concern: Your petition no. EN/ANK-09/298 186 and dated 08.05.2009 In your related petition; you demand 
an official letter as to taking domestic wastes to arise at construction and operation stage of the facility within 
the scope of "Socar & Turcas Ege (Aegean) Refinery Project" planned to be established by Socar & Turcas 
Rafineri A.S. at Arapçiftliği Site of our county by our Municipality. 
Our Municipality takes all domestic solid wastes of all industrial facilities. 
For your information, 


 
 
Ö. Turgut OĞUZ 
Mayor 
Signature 
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Opinion of İzmir Metropolitan Municipality 


 







 


STAR PROJECT  


Environmental and Social Impact Assessment Report – Final 


 


11513150061-ESIA AP3- 13  
     


T.R. 


İZMİR METROPOLITAN MUNCIPALITY 


 


Department Head of Environment Protection and Control Branch Directorate of License and 


Auditing 


 


Number: M.35.0.İBB.0.22.05-3072-815       08/05/2009 


 


 


TO MINISTRY OF ENVIRONMENT AND FOREST 


(Environmental Impact Assessment and Planning General Directorate) 


ANKARA 


 
Concern: 
 a- Your writing no. B.18.0.ÇED.0.02.01.237.01/2479-21691and dated 07.04.2009 
b- Your writing no. M.35.0.İBB.0.22.05-307-2-694 (10221) and dated 05.05.2009 
c- Writing of ENVY Enerji ve Çevre Yatırımları A.S. no. EN/ANK-09/294 and dated 07.05.2009 and attached 
letter of undertaking dated 08.05.2009 
Deficiencies determined in EIA report as to "Socar & Turcas Ege (Aegean) Refinery Project" planned to be 
established by Socar & Turcas Rafineri A.S. at İzmir Province, Aliağa County, Arapçiftliği Site that you stated 
in your concern (a) writing are stated by our concern (b) writing. Amendments made in Final EIA Report 
submitted to our Municipality with concern (c) petition. 
As result; our opinion about EIA Report belonging to "Socar & Turcas Ege (Aegean) Refinery Project" 
planned to be established by Socar & Turcas Rafineri A.S. is positive provided that matters stated in letter of 
undertaking are fulfilled following letter of undertaking in attachment of concern (c) writing taking place in 
Final EIA Report and taking EIA Positive Report. 


 
 
 
S. Ersu HIZIR 
In the name of Mayor 


                                                         General Secretary 
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Socar&Turkas A.Ş. Letter of Undertaking 
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08 May 2009 
İstanbul 
No: 0023/RB-bt 
 


Socar&Turkas A.Ş. LETTER OF UNDERTAKING 


 


There is provision of “EIA Positive Certificate and Report that is arranged for facilities for which EIA Report 
arrangement is necessary substitutes Place Election and Facility Establishment Report” in Article 18 of 
Regulations as to Opening Working Place and Working Licenses. However, Socar & Turcas Rafineri A.S. will 
apply to investigation committee to take "Place Election and Facility Establishment Permission” after taking 
EIA Positive Certificate. 
In addition, after Socar & Turcas Rafineri A.S. takes EIA Positive Certificate, it will get prepared and submit 
to the approval of authorized departments the layout plan, which will have been approved by County 
Municipality, and which will clearly specify the borders of project site, and include development plans with the 
scales of 1/1.000 and 1/5.000, zoning status certificate concerning the area, and specify types and capacities 
of projected structures and tanks accompanied by building tension distance in accord with relevant zoning 
status. 
 
 
SOCAR & TURCAS Rafineri A.S. 
Seal and Signature 
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Opinion of İzmir Regional Directorate of Forestry 
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Executive Summary 
 


A Major Hazard QRA is performed for the new STAR refinery on request of the Lenders. 
The objective is to determine the risk caused by the refinery operation to the surrounding. 
No risk contours currently apply in Turkish regulations. However as the project is 
following the EU legislations, the Seveso II directive applies. The governing risk contours 
in the EU are 10-6 per year for off-site risk on residential areas and vulnerable locations 
(e.g. hospitals, schools, camp sites, etc.). However this Major Hazard QRA is not 
intended as replacement of the detailed QRA and no conclusions can be based on this 
calculation. The acceptance of the risk caused by the refinery is for the Lenders only.  


An inventory is made of all process equipment, the storage tanks and the marine terminal 
of the refinery. Using a selection tool, based on the Dow Fire and Explosion Index, 20% 
of the process equipment is selected, assuming to contribute the majority of the off-site 
risks. To determine the risk, the Bevi Manual  [5] is used as reference for the scenario 
selection, probabilities and failure frequency of process equipment, storage facilities, 
product transfer and pipelines. All data and equipment locations on the plot, as well as 
the local weather conditions in the Aliağa region, were used as input to PHASTRISK 
software (specialized software for QRA’s used for legislative QRA within the EU). 
PHASTRISK provided the calculated risk contours and a report. The risk caused by the 
product transfer at the refinery marine terminal is calculated separately to show the 
potential effect on the port facilities. 


The result shows two major centres of incidents impacting the risk contours. The most 
northerly is surrounding the hydrocracker (HCU), hydrogen generator unit (HGU) and the 
(un)saturated gas plant ((U)SGP). In the western part of the refinery the LPG storage 
sphere contribute considerably to the risk contours. The risk due to the product transfer 
activities at the marine terminal, hardly contribute to the total refinery risk contours. These 
contours are comparable to risk contours of other similar refineries and are not 
exceptionally larger. The 10-4 contour does not appear on the refinery. Although there are 
no formal requirements for on-site risks, most companies regard 10-5 per year as an 
acceptable risk level for their personnel  [9] [10] [11]. The 10-5 contour extends beyond the 
refinery fence. Off-site facilities as the PETKIM ACN and VCM plants and the western 
part of the TUPRAS refinery may be affected by a major accident on-site the refinery. The 
individual 10-6 risk contours include a large section of the PETKIM and TUPRAS facilities. 
However the nearest residential area, PETKIM lodgement, east of the refinery at 2.5 km 
distance is not included in the individual 10-6 contour. Also the small leisure boat port 
west of the refinery is not included in the individual risk contour of 10-6 per year. 
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1. Introduction 
STAR is planning a new 214,000 bbl/d refinery in Aliağa close to Izmir, Turkey.  The new 
refinery will provide the adjacent petrochemical facility of PETKIM with naphtha, LPG, 
Unconverted Oil (UCO) and aromatics. Other products like Euro EN 590 diesel, LPG and 
Kerosene are produced for the domestic market in Turkey. The new refinery will not 
produce any gasoline or heavy fuel oil. 


Major accidents to facilities of the magnitude of the STAR refinery could potentially cause 
On-site and Off-site consequences. This Major Hazard QRA provides insight to those 
consequences and their impact on safety aspects. This insight is used to assess the 
potential individual risk caused by the refinery to its surrounding for the Lenders. The 
Major Hazard QRA is not as detailed as required to satisfy authority regulations in the 
countries of the EU and Turkey. The Major Hazard QRA will therefore be less detailed 
and deal with the process equipment which contributes the most to possible risks out side 
the fence of the refinery. 


2. Scope of Work 
The Major Hazard QRA will include the following 17 refinery units that will be grouped 
according to Process, Storage and Utility components and jetties (4) for analysis 
purposes:  


1. Crude Distillation 


2. Vacuum Distillation 


3. Naphtha Hydrotreater 


4. Continuous Catalytic Reforming 


5. Kerosene Hydrotreater 


6. Diesel Hydrotreater 


7. Hydrocracker 


8. Hydrogen Production and Purification 


9. Delayed Coker 


10. Saturated Gas Plant 


11. Unsaturated Gas Plant 


12. Saturated LPG Merox 


13. Unsaturated LPG Merox 


14. Sulphur Recovery 


15. Sour Water Stripper 


16. Storage Areas 


17. Utilities 


18. Jetties, including loading and unloading activities. 


Additionally 3 onsite pipelines will be included for their contribution to the overall risk 
contour. The pipelines transfer: 
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1. LPG 


2. Sour gas 


3. Diesel 


Of all the above mentioned units some major risk scenarios will be selected and included 
in the Major Hazard QRA. The scope of work for the Major Hazard QRA will include the 
following: 


1. Definition of the selection criteria for process equipment causing major hazards 
outside the fence. 


2. Collect all the appropriate process data of the selected process equipment. 


3. Define the input to the Risk Model with respect to: 


o Scenario selection  


o Failure Rates of Process Equipment 


o Site location, including the location of occupied buildings and off-site industrial 
and residential areas 


o Site conditions, including weather and meteorological data 


4. Provide input to the Risk Model software 


5. Run the Risk Model 


6. Provide a Major Hazard QRA Report, including Risk iso-curves plotted on a map of 
the refinery. 


The complete scope of the Major Hazard QRA will be executed by representatives of the 
Fluor HSE department, under supervision of the PMC HSE Lead Engineer. The process 
data and information regarding the substances will be provided by the Process Group of 
Fluor. 


3. Application 
Currently there are no legal criteria in Turkey for risk contours. Still, the requirement for 
conducting a risk analysis for facilities is spelled out in several HS regulations, as well as 
the Regulation on Control of Major Industrial Accidents which is equivalent to the EU 
Seveso II directive. The governing risk contours in the EU are 10-6 per year  [11] for off-
site risk on residential areas and vulnerable locations (e.g. hospitals, schools, camp sites, 
etc.). However this Major Hazard QRA is not intended as replacement of the detailed 
QRA and no conclusions can be based on this calculation. The acceptance of the risk 
caused by the refinery is for the Lenders only. 
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4. Location 
The new STAR refinery is located in Aliağa, Izmir Provence, Turkey. The refinery is 
located west of the existing PETKIM petrochemical production facility and TUPRAS 
refinery. The new refinery is linked to PETKIM facility for utilities and provides Naphtha 
feed stock for their cracker units. The new refinery and PETKIM have the same 
shareholders. 


Figure  4-1 shows the location of the refinery in the Aliağa area. 


Figure  4-1: Location of the refinery 


 


  


The Major Hazard QRA is based on the Overall Plot Plan 000-A-CA-001001 Revision F07 
(Appendix A). The overall plot plan provides the location of the process units and storage 
area required for the QRA study. For location of the individual process equipment the unit 
plot plans of the units as per FEED package were used. 


The new refinery is located in an earthquake zone 1. However the design of the facility 
takes the earthquake hazard into account and mitigates failure by additional measures. 
Therefore no penalty for the failure rates is considered due to the earthquake hazard. For 
the Major Hazard QRA the failure rates as provided in the Bevi Manual  [5] are used to 
determine the total risk for the refinery. 


 


 


N 
Jetty 4 may not 
be included
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5. System Selection 
The selection of the major hazard scenarios to determine the risk contours is based on 
the methodology prescribed in the Dow Fire and Explosion Index (FEI)  [1]. The index 
utilizes the substance properties, process conditions and process operations. The 
purpose of the determination of the FEI is to provide numbers. High numbers indicate 
hazardous operation of that part of the installation. To determine the Fire and Explosion 
Index the following has to be included: 


1. Fluid properties 


2. Total system inventory 


3. Process conditions 


For the Major Hazard QRA the inventory of pipelines within the units will not be 
considered. 


5.1. Fluid Properties 


The FEI is based on the NFPA classification of the substances, with additional allowance 
for process conditions and operations. The fire index is based on the flammable and 
reactive properties. The toxicity index is calculated separately and based on the 
substance’s toxic properties and the volatility of the fluid. System selection will be based 
on the FEI and Toxicity index number separately. 


5.1.1. Flammability 


For refinery operations, the flammability of the fluids is the main concern with respect to 
hazards. The Material Factor (MF) is based on the initial flammable properties of the fluid, 
as prescribed in NFPA 704  [2]. As per NFPA 704 the following classification shall be 
applied: 


Table  5-1: Flammability classification liquids based on NFPA 704 


NFPA_Flammability 
 


NF 


Flash Point (FP) 
PMcc 
[°C] 


Boiling Point (BP) 
 


[°C] 


0 Not Combustible - 


1 FP ≥ 93 - 


2 38 ≤ FP < 93 - 


FP < 23, or BP ≥ 38 3 


23 ≤ FP < 38 - 


FP < 23 BP < 38 4 


Flammable Gas  


 


Because the fluids are mixtures of hydrocarbons, the fluid will be classified on the Flash 
Point (FP) and Boiling Point (BP) of the mixture. 







 
Major Hazard QRA Study 


000-A-PE-0070025 
Rev. 2, 13 March 2013 


SOCAR & Turkey Aegean Refinery (STAR) 
 
 


000-A-PE-0070025 Major Hazard QRA Study_R2.doc  


Page 10 of 37 


 


5.1.2. Reactivity 


Refinery unit operation is based on physical separation and some chemical reactions, 
changing the composition of the output. The physical separation is mainly based on 
differences in boiling temperature of the substances in the mixture. The changing of the 
chemical composition is provided in unit operation like hydrotreaters, catalytic crackers, 
reformers, platforming, etc. and is not based on the reactive properties of the substance 
involved. The reactions are initiated by catalyst or temperatures. Therefore the reactivity 
index is not used to determine the Material Factor. The impact for the unit operation will 
be included in the General Process Hazard factor. 


5.1.3. General Process Hazards 


The FEI defines the general process hazards (GPH) based on the process involved. In 
the FEI the total SPH-number is a sum of penalties based on: 


o Exothermic Processes 


o Endothermic Processes 


o Material Handling and Transfer 


o Enclosed or Indoor Process Units 


o Access 


o Drainage and Spill Control 


For selection purposes only the GPH-penalties are based on the first two penalties (i.e. 
Exothermic and Endothermic Processes), for the type of process involved. 


5.1.4. Special Process Hazards 


The special process hazards (SPH) in the FEI are based on the process conditions and 
the total inventory of the enclosed systems. The SPH number is for the selection of 
systems is based on penalties for: 


o Sub-atmospheric processes 


o Operation in or near flammable range 


o Process relief pressure 


o Enclosed system inventory 


The total number for the SPH is the sum of the penalties. 


5.1.4.1 Sub-Atmospheric Processes 


For all process equipment operating at a pressure less than 0.67 bara a penalty of 0.5 is 
added to the total SPH 


5.1.4.2 Flammable Range 


For the determination of the penalty for substances in the flammable range the following 
is used for liquids: 


1. Combustible liquids          0.00 


2. Non-combustible liquid heated above Boiling Point      0.30 


3. Combustible liquids heated above their Flash Point     0.50 


4. Combustible liquids heated above their Boiling Point     0.60 


5. Process liquids heated above 90% of the Auto-ignition Temperature (AIT) 0.75 
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5.1.4.3 Pressure 


The penalty for pressure is calculated with the formula: 


Y  = 0.435 log P 


Where Y = Penalty for pressure 


  P = Design pressure of the enclosed system [bara] 


5.1.4.4 Inventory 


The penalty for the total inventory is calculated with the formula: 


Process  log Y = (0.305 log m Hc ) – 2.965 


Stored Liquids Y = √(55-[log((m Hc.10-9)/270)]2) – 6.35 


Stored LPG  Y = √(185-[log((m Hc.10-9)/7.105)]2) – 11.45 


 


Where Y = Penalty 


  m = Total inventory [m³] 


  Hc = Heat of combustion = 40,000 kJ/kg 


For the purpose of the calculation the Heat of Combustion is set to 40.000 kJ/kg. This is 
not reflecting the real value for the mixture or substances, but the estimate will be 
sufficient to provide appropriate selection. 


5.1.4.5 Material Handling and Transfer 


Loading and unloading of products initiate an additional penalty. Any loading or unloading 
of Class 1 Flammables (refer to Table  5-1) or LPG-type of products introduces a penalty 
of 0.70. 


5.1.5. Toxicity 


Although crude oil contains a range of toxic substances, only hydrogen sulphide is 
considered present in sufficient concentration to acutely harm people after exposure. The 
hydrogen sulphide is removed from some of the unit operations, containing elevated 
concentrations. The hydrogen sulphide is transferred and recovered in the Sulphur 
Recovery Unit (SRU), supported by the Amine Regeneration Unit (ARU). The toxicity 
classification is based on the concentration of hydrogen sulphide present in the fluid. For 
selection purposes the Toxicity Number of the fluid is calculated as follows: 


TOX = cH2S(1+SPH+GPH) 


Where  TOX = Toxicity number 


  cH2S = Concentration of H2S in the fluid [%] 


  SPH = Special Process Hazard 


  GPH = General Process Hazard 


Assigning the Toxicity Number is based on the concentration, the total inventory and the 
process, conditions. 
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5.2. Selection 


5.2.1. Process Equipment 


The selection of the process equipment included in the Major Hazard QRA is based on 
the flammable and toxic properties of the process fluids (Appendix B). A list of all process 
equipment is provided in Appendix C of this document. The list includes the calculated 
indices for flammability and toxicity as described in the previous paragraphs. 


All systems with a number exceeding 37 are included in the Major Hazard QRA. Using 
this value will select 20% of the listed process equipment. Following the Pareto principle 
 [8] the 20% will cover 80% of the risks. The selected process equipment is included in 
Appendix D.1. In total 76 scenario’s (i.e. 74 plus 2 A/B) are selected of which 8 are based 
on their toxic hazard and 74 for fire and explosion hazard (8 combine both flammable and 
toxic). The following pie charts show the distribution of the results for all equipment based 
on flammable and toxic scenarios. 


Table  5-2: Distribution Calculation Results for Flammable and Toxic Scenarios 


Number of Process Equipment Result Calculation 


Flammable Scenario Toxic Scenario 


< 7.5 136 354 


7.5 < n < 15 18 6 


15 < n < 22.5 21 0 


22.5 < n < 30 24 9 


30 < n < 37 105 1 


n > 37 74 8 


 


The table for the flammable scenarios shows a non equal distribution. The majority of the 
equipment are within a low or none flammable service. The other major chunk of the pie 
represent process equipment with flammable hazard service but less severe as the 
selected process equipment. As for the toxic scenarios the majority of the process 
equipment is in none toxic service.  


5.2.2. Pipelines 


In addition to the selected process equipment three pipeline scenarios are included in the 
Major Hazard QRA. The selection of the pipelines is based in the products reflecting the 
refinery operation. The selected pipelines are: 


1. LPG transfer (Line number ) between the U-110 SGP and LPG Spheres 


2. Sour Gas transfer (Line number ) between the ARU and the SRU 


3. Diesel transfer (line number ) between the Diesel Storage Tank(s) and loading facility 
on Jetty 2 


Appendix D.2 provides the required information regarding the length, size and process 
conditions for the pipelines. 
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5.2.3. Loading and Unloading Ships 


Loading and unloading activity contribute largely to the off site risks. Crude is unloaded in 
large crude tankers on the Refinery Marine Terminal (RMT) as feedstock for the refinery. 
The following products of the refinery are exported at the RMT to ships, according the 
following table. 


Table  5-3: Loading and unloading activities RMT 


Loading and Unloading RMT Product 


Quantity 
 


[ton/yr] 


Average Ship  
Cargo Size 


[ton] 


Number of 
Transfer 


[-] 


150,000 70 Crude 10,292,000 


80,000 130 


LPG 35,000 5,000 7 


Diesel 2,960,000 35,000 85 


Jet Fuel 500,000 15,000 34 


Reformate 485,000 15,000 33 


Mixed Xylenes 119,000 15,000 8 


Sulphur 75,000 5,000 15 


Total 14,916,500  405 


 


Using the same selection method as for the process equipment the transfer of the 
following products are selected to be included in the Major Hazard QRA. 


1. Crude 


2. LPG 


Appendix D.3 provides the result of the calculation of the flammability and toxicity index 
as per FEI. Crude and LPG represent the major hazards of the shipments, both based on 
flammable properties of the products. No toxicity is assumed to be involved in the RMT 
cargo handling operations. With the exception of LPG the products transferred in the 
RMT are at ambient conditions. Each ship is estimated to stay for 36 hours on the berth 
of the RMT for cargo handling. All tankers are assumed to have double containment for 
the cargo tanks. 


For PETLIM harbour a total number of 1089 ships of varying capacities and cargos are in 
bound or out bound each year. The total number of ships approaching the port facilities is 
1494 ships per year  
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6. SCENARIOS 
Release of hazardous substances can evolve in a consequential accident. The scenarios 
for the refinery are based on the pre-loaded scenarios of the PHASTRISK model. The 
calculated risk is based on the following steps. 


1. Events 


2. Consequences 


3. Probabilities 


For each of the selected process equipment the events are determined based on the 
physical properties of the released substances or mixtures. The ultimate event has 
consequences on the surrounding. The program calculates the probability of death on 
every location on the plot. 


6.1. Events 


For the calculation of the risk, standard scenarios as in PHASTRISK are used. For the 
purpose of the Major Hazard QRA the following releases are considered: 


1. Instantaneous pressurized flammable gas 


2. Continuous pressurized gas 


3. Instantaneous pressurized liquefied gas 


4. Continuous pressurized liquefied gas 


5. Flammable liquid 


6. Toxic vapours 


The loss of containment of these substances or mixtures triggers an event, depending on 
the circumstances of release. To determine the risk the consequences of the event are 
calculated with the risk software. In this chapter the events included in the Major Hazard 
QRA are described. 


6.1.1. Instantaneous Pressurized Flammable Gas 


Events for the release of pressurized process equipment and pipelines with fluid in the 
gas phase are provided in Figure  6-1. The instantaneous release of flammable gas to 
atmosphere can lead to a fire ball, vapour cloud explosion or flash fire. Except for the fire 
ball this is true for both the direct and delayed ignition scenarios. The mass inside the 
LEL contour will be used to determine the extent of the impact of the event. There is also 
a probability the flammable gas will not be ignited and dispersed to atmosphere without 
damage. If the substance or some of the components of a mixture is toxic, the probability 
of exposure will be included in the result of the risk calculation. 
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Figure  6-1: Event tree instantaneous release pressurized flammable gas 


Instantaneous 
Pressurized 


Liquefied Gas 


Direct Ignition Delayed 
Ignition 


Fire Ball Flame 
Acceleration 


1 2 3 4 5 


Event 


     Fire Ball 


Yes     Vapour Cloud Explosion 


     Flash Fire 


     Vapour Cloud Explosion 


No     Flash Fire 


     Safe Dispersal 


 


6.1.2. Continuous Pressurized Gas 


The event tree for the release from process equipment containing pressurized gas is 
similar to the instantaneous release. However the initial quantity of the released gas is 
lower, hence no fire ball can occur. The following events are included in the model for 
continuous pressurized gas. 


Figure  6-2: Event tree continuous release pressurized gas 


Continuous 
Pressurized Gas 


Direct Ignition Delayed Ignition Flame 
Acceleration 


1 2 3 4 


Event 


    Jet Fire 


Yes    Vapour Cloud Explosion 


No    Flash Fire 


    Safe Dispersal 


 


6.1.3. Instantaneous Pressurized Liquefied Gas 


Liquefied flammable gas instantaneous released after the rupture of a vessel can evolve 
to a boiling liquid expanding vapour explosion (BLEVE), a vapour cloud explosion or flash 
fire after direct ignition. If not ignited immediately after release the liquefied gas will 
evaporate forming a flammable vapour cloud. This vapour cloud can be ignited after 
travelling down wind the release source if passing through an ignition source. The ignited 
vapour cloud may propagate to a vapour cloud explosion in congested areas. If not 
ignited safe dispersal is assumed unless one or more of the substances has toxic 
properties. In this case the probability of exposure will be included in the result of the risk 
calculation. The event tree is presented in Figure  6-3. 
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Figure  6-3: Event tree instantaneous release pressurized liquefied gas 


Instantaneous 
Pressurized 


Liquefied Gas 


Direct Ignition Delayed 
Ignition 


BLEVE Flame 
Acceleration 


1 2 3 4 5 


Event 


     BLEVE 


Yes     Vapour Cloud Explosion 


     Flash Fire 


     Vapour Cloud Explosion 


No     Flash Fire 


     Safe Dispersal 


 


6.1.4. Continuous Pressurized Liquefied Gas 


The event tree for a continuous source of pressurized liquefied gas is similar to the 
release of a flammable gas. 


Figure  6-4: Event tree continuous release pressurized liquefied gas 


Continuous 
Pressurized 


Liquefied Gas 


Direct Ignition Delayed Ignition Flame 
Acceleration 


1 2 3 4 


Event 


    Jet Fire 


Yes    Vapour Cloud Explosion 


    Flash Fire 


No    Safe Dispersal 


 


6.1.5. Flammable Liquid 


Only released combustible liquids which can form a flammable atmosphere above the 
surface can propagate to a pool fire. Substances or mixtures released at a temperature 
above the flash point can form an explosive atmosphere. This is also true for substances 
or mixtures heated above their flash point, released to ambient conditions. Under certain 
conditions (e.g. released in confined space or congested areas) the vapour build up may 
be such, a vapour cloud explosion or flash fire may occur. However the probability of 
ignition is considerably lower than for the release of flammable gasses or liquefied gasses 
(see Table  7-9).The event tree for the release of flammable liquids is presented in Figure 
 6-5. 
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Figure  6-5: Event tree release flammable liquid 


Flammable Liquid Direct Ignition Delayed Ignition Flame 
Acceleration 


1 2 3 4 


Event 


    Pool Fire 


Yes    Vapour Cloud Explosion 
(+ imminent pool fire) 


    Flash Fire (+ imminent 
pool fire) 


No    Safe Dispersal 


6.1.6. Toxic Vapour 


Substances or mixtures with toxic properties can expose people after release. If the 
released vapour has also combustible properties, no exposure to toxics are assumed for 
those vapours involved in a vapour cloud explosion, fire ball, BLEVE, flash fire, jet fire or 
pool fire. In these cases the probability of exposure to the toxic substance is minus the 
probability of combustion. A toxic vapour cloud travelling downwind from the source is 
diluted with fresh air, hence the concentration of the toxic component decreases at longer 
distances. To determine the exposure the following Probit (Pr) is used: 


Pr = a + b ln(∫Cn dt) 


Where  Pr   = Probit associated with the probability of dying [-] 


  a, b, n  = Constants for the toxicity of a substance [-] 


  C  = Concentration at time t [mg/m³] 


  t  = Exposure time [min.] 


The constants a, b, n are substance specific. The database of PHASTRISK provides 
these Probit constants, as per Bevi Manual. 


6.2. Consequences 


The events after the releases of the hazardous substances or mixtures, included in the 
risk calculation are: 


1. Jet Fire  


2. Vapour Cloud Explosion 


3. Flash Fire 


4. BLEVE 


5. Fire Ball 


6. Pool Fire 


7. Toxic vapour cloud 


6.2.1. Jet Fire 


Direct ignition of an uncontrolled release of flammable gas or liquefied gas under 
pressure leads to a jet fire. A delayed ignition results primary in a vapour cloud explosion 
and secondary in a jet fire. Flame impinged process equipment, piping or cables are 
unlikely to withstand the jet fire for a prolonged period of time. The jet fire can therefore 
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initiate fire escalation to adjacent process equipment, storage facilities or buildings. High 
heat radiation can cause severe injury or death if egress out of the hazardous area is not 
possible. To determine the consequences potential hazardous contours (length of the jet 
flame) is calculated, based on the process conditions and fluid properties. 


6.2.2. Vapour Cloud Explosion 


Released or evaporated flammable gas to atmosphere or within a confined space can 
cause an explosion once ignited. Direct ignition will cause a jet fire (see  6.2.1). Delayed 
ignition initiates a vapour cloud explosion (VCE). Ignition sources like electrical 
equipment, sparks, hot surfaces and open flames (furnaces, boilers and low or ground 
flares) can initiate an explosion. The severity of the explosion depends on the quantity of 
the involved flammable gas and the congestion of the area where the gas is released. 
Buildings, process vessels, pipe racks, walls and trees confine the released gas cloud 
and supports flame acceleration, which increases the severity of the explosion. The 
direction of the released jet and the relative density of the gas to air after release, 
determines the affected area. The peak side-on overpressure is calculated based on the 
TNT Equivalent method with an efficiency of 10% as provided in the Bevi Manual  [5]. This 
method includes the congestion of the area for calculating the severity of the vapour 
cloud explosion. Delayed ignition is within 60 seconds after the initial release of the 
vapour cloud, within all wind directions. 


6.2.3. Flash Fire 


A flash fire is a vapour cloud explosion (see  6.2.2) without the overpressure effects. A 
flash fire does not destroy buildings, unless the building is set on fire. Survival within the 
contours of the flash fire is not possible and lethality for this event is set on 1 for all 
people within the LEL-contour of the released flammable vapour. 


6.2.4. Boiling Liquid Expanding Vapour Explosion (BLEVE) 


A Boiling Liquid Expanding Vapour Explosion (BLEVE) is a secondary event, initiated by 
a pool fire or jet fire. Especially liquefied flammable gas storage tanks engulfed by flames 
can escalate to a BLEVE when the vessel wall collapses and the released superheated 
flammable liquid is ignited. A BLEVE will have a severe impact on the surrounding due to 
the pressure wave, expanding fire ball and high heat radiation. Survival within the radius 
of the fire ball is impossible. Fatality for all personnel present within the fire ball radius is 
100%. The radius of the fire ball shall be modelled to determine the hazard zone caused 
by a BLEVE. 


6.2.5. Fire Ball 


Instantaneous released large inventory of gas with immediate ignition provides a fire ball. 
The consequences are similar to the BLEVE but the impact zone will be less. The impact 
of the burned gas is due to thermal expansion and decomposition of the involved gas. 
Due to the difference in density of the released gas compared to the liquid in case of the 
BLEVE the expansion of the fire ball is smaller. However people inside the contour of the 
fire ball and consequential high heat radiation and peak side-on overpressure have no 
probability of survival. 


6.2.6. Pool Fire 


Flammable liquids and liquefied gases will evaporate due to the high vapour pressure. 
The vapour cloud released after evaporation can cause a VCE (see  6.2.2) or flash fire if 
ignited. After ignition of the vapour the fire will spread over the entire surface of the pool. 
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Other inventory inside the fire envelope or adjacent to the pool fire may fail due to 
impingement of the flames or intensive heat radiation. When this inventory contains 
combustible liquids or solids the fire may escalate. Failure of inventory containing toxic 
substances may cause toxic clouds that can expose personnel. For consequences the 
heat radiation is determined for the governing credible fire scenarios. The heat radiation 
level can be calculated using the process conditions of the effected process equipment 
and the released substance. Depending on the outcome of the heat radiation contours 
the consequence is determined. 


6.3. Probabilities 


After loss of containment the released hazardous substance or mixture evolve to an 
event. The probability of occurrence of the event is based on values provided in the Bevi 
Manual. 


6.3.1. Direct Ignition 


The probability of direct ignition depends on the released quantity and the properties of 
the substance or mixture. Reactive and volatile substances have a higher probability of 
direct ignition as low reactive and less volatile substances. PHASTRISK uses the 
following as default value. 


Table  6-1: Probability of direct ignition process equipment 


Scenario Continuous 
Release 


[kg/s] 


Instantaneous 
Release 


[kg] 


Probability of 
Direct Ignition 


< 10 < 1000 0.2 


10 - 100 1000 - 10000 0.5 


Category*) 0 (reactive) 


> 100 > 10000 0.7 


< 10 < 1000 0.02 


10 - 100 1000 - 10000 0.04 


Category 0 (low reactive) 


> 100 > 10000 0.09 


Category 1 All All 0.065 


Category 2 All All 0.01 


Category 3, 4 All All 0 
 
*)  Category 0: FP < 0 °C and BP ≤ 35 °C 


Category 1: 0 °C  ≤ FP < 21 °C 
Category 2: 21 °C ≤ FP < 55 °C 
Category 3: 55 °C ≤ FP < 100 °C 
Category 4: FP ≥ 100 °C 


 


For the loading and unloading of ships other probability of direct ignition apply, based on 
the substance or mixture. For the releases of products during the transfer on the RMT the 
following probabilities  [6] will apply.  
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Table  6-2: Probability of Direct Ignition on Ships 


Category Ship 


 


Scenario 


 


Probability of 
Direct Ignition 


Gas Tanker Continuous, 180 m³  0.7 Category 0 


Gas Tanker Continuous, 90 m³  0.5 


Category 1 Liquid Tanker Continuous 0.065 


Category 2 Liquid Tanker Continuous 0.01 


Category 3, 4 Liquid Tanker Continuous 0 


 


PHASTRISK considered the process temperature of the released fluid to establish the 
category, hence the probability of direct ignition. Fluids heated above their flash point are 
considered as category 0 substances or mixtures. 


6.3.2. Delayed Ignition 


A delayed ignition of a passing flammable vapour cloud is based on the occurrence of an 
ignition source in the path of the cloud. The values as provided in Table  7-9 are used in 
the model to determine the risk contours. The ignition sources strength and location need 
to be indicated on the plot. PHASTRISK will calculate the probability of a flammable cloud 
travelling over the ignition source and the probability this cloud will be ignited. 


6.3.3. BLEVE (Fire Ball) 


For stationary process equipment the probability of a release of liquefied flammable 
gasses propagates to a BLEVE or fire ball is 0.7 as per Bevi Manual  [5]. 


6.3.4. Flame Acceleration 


Not all ignited flammable vapour clouds propagate to a vapour cloud explosion. The 
probability of the propagation from a flash fire to a vapour cloud explosion is by default 
0.4 as per Bevi Manual  [5]. 
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7. MODELING INPUT 


7.1. Substances 


Model substances selected from the PHASTRISK database. The substance database 
does not contain all substances included in the heat and material balances provided in 
the FEED package. Therefore model substances are created, reflecting the properties of 
the actual mixtures as much as possible. Appendix E provides the model mixtures and 
concentrations of substances used in the Major Hazard QRA. Appendix D includes the 
selected process equipment and pipelines with the actual fluid and the model mixture or 
substances used to determine the consequences. PHASTRISK does not accept input of 
mixtures for long pipelines, therefore the substance provided in the database with 
properties close to that of the actual fluid are selected. For example the Amine Acid fluid 
contains 90% of Hydrogen Sulfide. For the model a 100% concentration of Hydrogen 
Sulfide is assumed. 


7.2. Weather Conditions 


Local weather conditions Refinery Site are based on the meteorological data from Aliağa 
Meteorological Station.  


7.2.1. Wind 


Figure  7-1 shows the prevailing wind direction is North-North-East. Although the wind 
direction is prevailing from the NNE direction, the wind speed is relatively low as shown in 
Figure  7-2. Increased wind speeds are from coming from the south of the refinery. The 
weather data is provided in Appendix F and is used as input for the risk calculations. Due 
to terrain conditions (hills and rocks) Pasquill Stability Class B is used for the calculation 
of the risk contours. 


Figure  7-1: Annual wind direction Aliağa Meteorological Station 
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Figure  7-2: Average wind speed [m/s] Aliağa Meteorological Station 
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7.2.2. Ambient Conditions 


The annual ambient temperatures and pressure for the Aliağa region is: 


Maximum Temperature:    41.8 °C 


Average Annual Temperature:   16.3 °C 


Minimum Temperature:    - 6.8 °C 


Maximum Daily Temperature Amplitude:  20.8 °C 


Average Ambient Pressure:   1009 mbar 


7.3. Failure Rates 


The failure rates of process equipment, vessels, storage tanks and pipelines are provided 
in the Reference Manual BEVI Risk Assessment of the applied calculation method. 
Relevant failure rates are provided for: 


1. Process Vessels 


2. Reactors 


3. Columns 


4. Pressurized Storage Vessels (Spheres) 


5. Atmospheric Storage Tanks 


6. Pipelines. 


7. Loading and Unloading of Ships 


Pumps, compressors, etc. are not included in the calculation. The process equipment 
with considerable inventory of liquids or compressed gasses is assumed to contribute 
more to the overall hazards than pumps and compressors. Pressure safety valves relief 
pressure to the flare system and do not create a hazardous event. Failures of pressure 
safety valves are not included in the Major Hazard QRA study. 
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7.3.1. Process Vessels 


Drums, accumulators, receivers are considered process vessels. In these process 
vessels the physical characteristics of the substance or mixture takes place.  


Table  7-1: Scenarios for reactor vessels and process vessels 


Scenario Frequency  


[per year] 


Instantaneous release of entire contents of the reactor vessel 5 x 10-6 


Release of the entire content in 10 minutes in a continuous and 
constant stream 


5 x 10-6 


Continuous release from a hole with an effective diameter of 10 
mm 


1 x 10-4 


7.3.2. Pressurized Storage Vessels (Spheres) 


The scenarios and failure frequencies for a pressurised storage tank aboveground apply 
to the storage tank including the welded stumps, mounting plates, pipe connections up to 
the first flange and instrumentation pipes. The pipeline system and pressure relief devices 
should be considered separately. Pressure safety valves relief their pressure to the flare 
system. The flare system is designed for this event and has sufficient capacity to deal 
with the relieved vapours. The scenarios for a pressurised storage tank aboveground are 
set out in Table  7-2: 


Table  7-2: Frequency for scenario pressurized storage 


Scenario Frequency 


[per year] 


Instantaneous release of entire contents 5 x 10-7 


Release of the entire content in 10 minutes in a continuous and 
constant stream 


5 x 10-7 


Continuous release of contents from a hole with an effective 
diameter of 10 mm 


1 x 10-5 


 


The frequency is including the rupture of instrument lines, mounting plates, welded plates 
and nozzles up to the first flange. The frequency is not applicable for the connected 
pipelines and pressure safety valves. These have to be inserted separately in the model.  


7.3.3. Reactors 


In reactor vessels changes to the chemical characteristics of substances and mixtures 
take place. The selection of the fluid is therefore important. For the model the substance 
or mixture with the most severe consequence is selected (e.g. more flammable or toxic). 
The failure rates for reactors are presented in Table 7-3: 







 
Major Hazard QRA Study 


000-A-PE-0070025 
Rev. 2, 13 March 2013 


SOCAR & Turkey Aegean Refinery (STAR) 
 
 


000-A-PE-0070025 Major Hazard QRA Study_R2.doc  


Page 24 of 37 


 


Table  7-3: Frequency for scenario reactors 


Scenario Frequency 


[per year] 


Instantaneous release of entire contents 5 x 10-6 


Release of the entire content in 10 minutes in a continuous and 
constant stream 


5 x 10-6 


Continuous release of contents from a hole with an effective 
diameter of 10 mm 


1 x 10-4 


The failure rate of the reactor is including the failure of: 


o Pipes and nozzles for the delivery and removal of substances 
o Valves  
o Instrumentation for level, pressure and temperature 
o Block valves 
o Cooling system 
o Mixers 


The design of the reactors is considered to prevent runaway reactions, hence no 
increased failure rate for these types of reactors is considered in the model.  


7.3.4. Columns 


Columns in distillation system contain both liquids and vapours. For distillation of fluids at 
elevated pressure, the liquids can be considered superheated when relieved to 
atmosphere. Flashing combustible liquids cause flammable vapour clouds. These 
scenarios are included in the model. Distillation systems include condenser, reboiler 
pumps, pipes, block valves and instrumentation. Table  7-4 provides the failure rates for 
the distillation column. 


Table  7-4: Frequency for scenario for distillation column 


Scenario Frequency 


[per year] 


Instantaneous release of entire contents 5 x 10-6 


Release of entire contents in 10 minutes in a continuous and 
constant stream 


5 x 10-6 


Continuous release of contents from a hole with an effective 
diameter of 10 mm 


1 x 10-4 


 


In detailed QRA the failure for complete distillation column is calculated, using all 
components as the reboiler, condenser, etc. For the Major Hazard QRA these 
components are not included and assessed separately as process drums and vessels. 


7.3.5. Atmospheric Storage Tanks 


The refinery stores large quantities of crude, intermediate and final products. All storage 
tanks are above ground, single walled and located in a bund, with sufficient capacity to 
contain at least the biggest tank in the dyked area. The failure rate for single containment 
atmospheric storage tanks are irrespective of the type (i.e. fixed roof, external floating 
roof or internal floating roof) and presented in Table  7-5: 
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Table  7-5: Frequency for scenario for single containment atmospheric storage tanks 


Scenario Frequency 


[per year] 


Instantaneous release of entire contents 5 x 10-6 


Release of entire contents in 10 minutes in a continuous and 
constant stream 


5 x 10-6 


Continuous release of contents from a hole with an effective 
diameter of 10 mm 


1 x 10-4 


For all atmospheric storage tanks apply release of the content to a dyked area. The 
surface of the dyked area shall be included in the model, to determine the consequences 
of a pool fire. 


7.3.6. Pipelines 


The Major Hazard QRA includes long transfer pipelines for a limited number of 
substances and mixtures only. The failure rate depends on the diameter of the pipeline. 
Large bore pipes are considered more resilient against failure then small bore pipes. For 
the transfer pipelines the following failure rates apply: 


Table  7-6: Frequency for scenario for above ground pipelines 


Scenario Frequency 


[per meter per 
year] 


Ø < 75 mm 


Frequency 


[per meter per 
year] 


75 ≤Ø ≤ 150 mm 


Frequency 


[per meter per 
year] 


Ø > 150 mm 


Rupture in the pipeline 1 x 10-6 3 x 10-7 1 x 10-7 


Leak with an effective 
diameter of 10% of the 
nominal diameter up to a 
maximum of 50mm 


5 x 10-6 2 x 10-6 5 x 10-7 


 


For the model the rupture and leakage of long pipelines are considered. In case of the 
rupture of long pipelines the release from both sides of the rupture. The scenario includes 
rupture and leakages of related valves and flanges, but does not consider the failure of 
pumps or compressors. 


7.3.7. Loading and Unloading Ships 


The only scenarios that are relevant in addition to loading are external damage as a 
result of ship collisions. These are very much determined by the local situation. The basic 
failure frequency for accidents, f0, has to be determined based upon the specific route 
section. The basic failure frequency is calculated according the formula  [6]: 


 


f0 =  6.7.10-11 x T x t x N 


 


Where  f0 = Basic failure Rate [-/yr] 


T  = Total number of ships per annum on the transport route  
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t  = Average loading time for each ship [hrs] 


N  = Number of loading operations per year.  


With the data retrieved from  5.2.3 the basic failure frequency f0 can be calculated for 
crude and LPG tankers. 


Table  7-7: Basic failure frequency calculation 


Product Number of 
Ships PETLIM 


harbour 


Average Loading
Time 


Number of 
Transfer 


Operations 


Basic Failure 
Rate 


 T 


[-/yr] 


t 


[hr] 


N 


[-/yr] 


f0 


[-/yr] 


Crude 1494 36 200 7.2.10-4 


LPG 1494 36 7 2.5.10-5 


 


The following scenarios are applicable for the release of product after failure. 


Table  7-8: Scenarios for Loading and Unloading Ships 


Scenario Frequency 


[per year] 


Gas Tanker (LPG)  


Continuous release of 180 m³ in 1800 s 0.00012 x f0 


Continuous release of 90 m³ in 1800 s 0.025 x f0 


Double Containment Liquid Tanker (Crude)  


Continuous release of 75 m³ in 1800 s 0.0015 x f0 


Continuous release of 20 m³ in 1800 s 0.006 x f0 


 


The final input to the model the prescribed frequency is multiplied by the basic failure 
frequency. For the Major Hazard QRA a complete ship disintegration is not considered a 
credible scenario and therefore not included. 
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7.4. Ignition Sources 


The probability of ignition is based on the values provided in the BEVI Manual  [5]. For the 
refinery the following ignition sources are considered. 


Table  7-9: Probability of ignition of a flammable cloud during a time window of one minute 


Source Type Ignition Source Probability of 
Ignition 


Point Source Adjacent process installation 0.5 


 Substation 0.5 


 Flare NOTE 1 


 Furnace (outside) 0.9 


 Boiler (outside) 0.45 


Line Source Motor vehicle NOTE 2 


 Ship 0.5 


Population Source Office 0.01 


 


NOTE 1: The pilot burner of the flare is a continuous ignition source. However the 
elevation of the flare tip determines the probability of ignition of a flammable vapour 
cloud. The Bevi Manual does not provide a probability for elevated flares and leaves this 
for expert opinion. For the refinery the following probabilities of ignition are used for the 
flares. 


Table  7-10: Probability of ignition of a flammable cloud by flares 


Scenario Probability of 
Ignition 


Flare Area “A” 0.0001 


Flare Area “C” 0.0001 


PETKIM ACN Flare H202 0.001 


PETKIM VCM Flare H201 and H401 0.001 


 


PETKIM flares are located uphill a depression in the landscape. Turbulences of released 
flammable vapours from the LPG storage area may be the result of occasional heavy 
gusts from the west during certain periods of the year. Therefore the probability is 
assumed 0.001 and not negligible as the high elevated refinery flares of Flare Area “A” 
and “C”. 


NOTE 2: The probability of ignition depends on the traffic density on the road. As per Bevi 
Manual the probability of ignition is 0.4 per car per minute. Traffic onsite the refinery is 
slower and a density of 5 per hour travelling at 20 km/hr is assumed for the secondary 
and maintenance roads and 60 per hour for the main refinery roads towards the 
administration buildings, main control building and the sulphur and cokes loading areas.  
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8. RESULTS 
The result of the risk calculation is provided in Appendix G.1 of the Major Hazard QRA. 
The risk contours of the product transfer at the refinery marine terminal are presented 
separately in Appendix G.2. The results include a map with the risk contours and a report 
with the input and output of the model. The presented risk contours are common to 
refineries of the same scale as the new STAR refinery, although the low wind conditions 
applicable to the site have a significant impact on the extent of the contours.  


The result shows two major centres of incidents impacting the risk contours. The most 
northerly is surrounding the hydrocracker (HCU), hydrogen generator unit (HGU) and the 
(un)saturated gas plant ((U)SGP). In the western part of the refinery the LPG storage 
sphere contribute considerably to the risk contours. The risk due to the product transfer 
activities at the marine terminal, hardly contribute to the total refinery risk contours. The 
risk contours due to product transfer at ships on the LPG transfer do not exceed the 10-8 
contour and for the crude unloading 10-7 contour. The contours are comparable to risk 
contours of other similar refineries and are not exceptionally larger. The 10-4 contour does 
not appear on the refinery. Although there are no formal requirements for on-site risks, 
most companies regard 10-5 per year as an acceptable risk level for their personnel. The 
10-5 contour extends beyond the refinery fence. Off-site facilities as the PETKIM ACN and 
VCM plants and the western part of the TUPRAS refinery may be affected by a major 
accident on-site the refinery. The individual 10-6 risk contours include a large section of 
the PETKIM and TUPRAS facilities. However the nearest residential area, PETKIM 
lodgement, east of the refinery at 2.5 km distance is not included in the individual 10-6 
contour. Also the small leisure boat port west of the refinery is not included in the 
individual risk contour of 10-6 per year. 
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APPENDIX A:  Overall Plot Plan Refinery 
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U000-1 Water L 0 0 100 0 - - 0 0.0


U000-2 Amine Mixture L 247 -21 127 400 1 0.0


U000-3 LPG/Naphtha L 20 0 210 1 4 0.0


U000-4 Light Hydrocarbons L 60 0 210 3 0.0


U000-5 Air G - - 0 0.0


U000-6 Spent Caustic L 104 0 0.2


U000-7 Spent COS Solvent L 100 72 0 0.0


U000-8 Caustic L 100 0 0.0


U000-9 AR / VR / Diesel / kero (U100-P(-)) L 219 70 210 0.7 6.2 5.2 3 0.0


U100-P(104) VDU Sour Off-Gas G 0.2 47 - 0 0 260 1.1 8.7 1.7 0 1.2


U100-P(106) Vacuum Slop Oil L 0.2 42.4 130 0 57 210 0.5 5.8 4.2 3 2 0.2


U100-P(125) Vacuum residu L 10.5 265 605 292 316 0.9 7.0 6.0 1 0.0


U100-P(14) Preflash Vapor G 1.9 340 - 0 0 210 1.3 7.0 2.0 1 4 AIT 0.0


U100-P(15) Preflashed Crude L 2.2 161 84 0 32 210 0.6 6.7 4.2 3 3 0.0


U100-P(21) First Stage Overhead Vapor G 1.0 97 - 0 0 210 1.2 6.6 2.5 1 4 0.0


U100-P(23) CDU Sour Off-Gas G 0.5 42 - 0 0 243 1.7 8.6 1.9 1 4 1.2


U100-P(24) Crude Tower Top Reflux L 1.0 97 76 0 0 210 1.0 5.8 2.8 2 3 0.0


U100-P(27) Straight Run  Unstabilized Naphtha L 0.5 42 28 0 0 210 1.2 6.6 2.5 1 4 0.1


U100-P(28) Kerosene draw off L 1.5 184 127 41 210 0.7 5.3 4.1 2 0.0


U100-P(36) Diesel draw off L 1.7 267 184 94 210 0.4 8.3 3.8 1 0.0


U100-P(44) HAGO draw off L 1.9 340 216 127 210 0.6 6.9 5.3 1 0.0


U100-P(47) Atmospheric Residue L 2.1 370 425 150 257 0.8 7.0 5.8 1 0.0


U100-RA(402) Rich amine L 0.14 61 57 0 265 1.0 9.6 3.6 3 1.7


U100-SW(301) Desalting Water L 2.0 55 100 0 - - 0.0 0.0 0.8 1 0.0


U110-P(-) Disulphide Oil L 0 0 247 0 126 265 0.9 8.4 4.0 1 0.0


U110-P(10) Compressed Gas G 13.5 149 - 0 0 260 2.9 20.0 0.8 1 4 14.3


U110-P(104) Sour LPG G 0.0 43 - 0 0 430 1.8 8.8 1.9 1 4 LiqG 1.3


U110-P(106) Stabilized Naphtha L 0.0 167 64 0 0 210 1.1 6.3 2.6 2 3 0.0


U110-P(11) MP Liquid L 0.0 42 42 0 0 210 1.1 6.4 2.7 3 2.6


U110-P(13) Absorber Feed G 13.0 42 - 0 0 260 3.3 22.7 0.7 1 4 16.6


U110-P(13) Stripper Bottom L 13.0 42 42 0 42 210 1.2 6.4 2.6 2 2 1.0


U110-P(15) Absorber Bottom L 0.0 57 57 0 57 210 1.2 6.6 2.5 2 2 5.6


U110-P(16) Stripper Feed G 0.0 42 - 0 0 210 1.2 7.0 2.4 0 6.7


U110-P(2) Off-Gas G 0.4 42 - 0 0 243 2.0 11.0 1.5 1 4 7.8


U110-P(206) Sweet LPG G 0.0 55 - 0 0 430 1.8 8.8 1.9 1 4 LiqG 0.0


U110-P(21) De-ethanizer Recycle G 13.4 41 - 0 0 430 2.2 10.1 1.5 1 4 0.0


U110-P(211) Lean amine L 55 102 116 265 0.9 8.5 4.0 1 0.1


U110-P(22) De-ethanizer Reflux L 0.0 42 42 0 0 430 2.0 9.4 1.7 1 4 LiqG 0.0


U110-P(23) LPG L 21.5 38 38 0 0 430 1.8 8.7 1.9 1 4 LiqG 0.0


U110-P(3) Off-Gas G 5.5 149 - 0 0 243 2.0 11.0 1.5 1 4 7.8


U110-P(9) Compressed Gas G 5.0 42 - 0 0 260 2.9 20.0 0.8 1 4 14.3


U116-P(2) Sweet Fuel Gas G 6.5 49 0 0 0 450 3.9 15.8 0.7 1 4 0.0


U116-P(5) LPG L 21.5 38 -20 0 0 371 2.0 9.5 1.7 1 4 LiqG 0.0


U120-P(1) Naphtha L 4.5 38 38 0 0 224 0.7 5.9 2.5 2 3 0.0


U120-P(10) Naphta effluent 1st reactor L 43.2 303 38 0 224 1.8 18.3 0.72 3 0.3


U120-P(11-15)L Naphta effluent 2nd reactor L 108.5 - 0.0 280 0.7 5.9 2.50 3 0.0


U120-P(19) Compressor Recycle Gas G 35.5 42 0 0 0 400 3.9 67.8 0.1 1 4 0.5


U120-P(2) Make-up Hydrogen G 3.5 38 0 0 0 400 4.0 74.7 0.1 1 4 0.0


U120-P(20) Compressor Recycle Gas G 47.3 69 0 0 0 400 3.9 67.8 0.1 1 4 0.5


U120-P(21)G Stripper Feed G 18.0 42 0 0 0 206 2.2 14.0 1.3 1 4 8.7


U120-P(21)L Stripper Feed L 18.0 42 127 - 0 280 0.7 5.9 2.5 2 3 0.0


U120-P(26) Off-Gas to SGP Unit G 6.5 40 0 0 0 208 3.3 29.1 0.6 1 4 15.2


U120-P(27) Stripper Reflux L 15.0 42 30 0 0 206 1.5 8.3 2.3 1 4 7.4


U120-P(30) Stripper Bottom L 0.0 255 126 0 0 224 0.7 5.9 2.5 2 3 AIT 0.0


U120-P(35) Light Naphtha from Splitter Reflux Drum L 6.0 38 50 0 0 206 0.7 6.1 2.5 2 3 0.0


U120-P(36) Light Naphtha from Splitter Reflux Drum L 1.5 55 50 0 0 206 0.7 6.1 2.5 2 3 0.0


U120-P(39) Splitter Bottom L 5.5 181 127 0 0 224 0.7 5.9 2.5 2 3 0.0


U130-P(13) Compressor Recycle G 27.4 55 0 0 0 400 4.0 73.0 0.1 1 4 1.0


U130-P(15) Compressor Recycle G 42.4 103 0 0 0 400 4.0 73.0 0.1 1 4 1.0


U130-P(20) HC liquid from HP separator L 27.4 55 151 0 0 168 17.5 274.8 2.9 2 3 0.8


U130-P(26) Sour offgas from stripper reflux drum G 0.6 42 0 0 0 168 2.3 11.0 0.6 1 4 24.1


U130-P(28) Stripper Reflux L 1.3 42 151 0.0 168 2.95 3 3 2.3


U130-P(4) H2 Make up G 44.6 107 -253 0 0 500 4.0 75.0 0.1 1 4 0.0


U130-P(5) Kersone feed L 44.5 96 145 38 210 1.2 6.0 3.00 2 0.0


U140-P(17)L Diesel effluent L 97 - 58 257 0.3 10 2 0.0


U140-P(23) Gas to HP Amine Abs. G 0.0 0 0 0 0 400 4.0 67.8 0.0 1 4 1.9
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U140-P(24) Gas to HP Amine Abs. G 0.0 0 0 0 0 400 4.0 67.8 0.0 1 4 1.9


U140-P(26) Recycled Gas to Reactor G 0.0 0 0 0 0 400 4.0 69.5 0.0 1 4 0.2


U140-P(32) Recycled Gas to Reactor G 0.0 0 0 0 0 400 4.0 69.5 0.0 1 4 0.2


U140-P(35) Cold HP Separator Liq. Out L 0.0 0 90 0 0 206 0.3 10.3 0.0 2 3 2.6


U140-P(47) Rich Amine L 1.5 70 240 0 127 400 - 0.0 0.0 0 1 3.5


U140-P(48) Sour Gas from 140D-118 G 0.0 0 0 0 0 208 4.0 67.6 0.0 1 4 8.7


U140-P(53) Sour Off-Gas to SGP G 0.0 0 0 0 0 208 3.4 34.8 0.0 1 4 30.9


U140-P(54) Wild naphtha to SGP L 0.0 0 25 0 0 206 0.6 7.4 0.0 1 4 10.7


U140-P(59) Stripper Diesel to Drier L 0.0 0 95 0 0 206 0.3 9.9 0.0 2 3 0.0


U150-P(-) DMDS L 110 16 300 1.1 16.0 3 0.0


U150-P(102A) VGO fron U-100 L 400 58 267 0.7 7.0 3 2 0.0


U150-P(154) Streams to and from Feed Cold Exchanger L 0.0 193 322 0 58 257 0.7 6.6 0.0 3 2 0.0


U150-P(154) Offgas pre-flash drum to fractionator G 5.6 308 0 0 0 210 0.7 5.9 0.0 1 4 AIT 0.0


U150-P(177) Rich caustic L 100 - - 0 0.0


U150-P(208A) Kerosene stripper bottom to storage L 0.0 229 179 0 0 210 0.6 5.2 0.0 2 3 AIT 0.0


U150-P(232)L VGO + HGCO L 388 -76 0 210 0.9 8.8 4 0.8


U150-P(253) Hot separator vapour outlet G 0.0 316 0 0 0 500 3.7 52.8 0.0 1 4 0.6


U150-P(266) Hot separator liquid outlet L 0.0 316 -84 0 0 210 0.7 8.2 0.0 1 4 AIT LiqG 0.6


U150-P(271) Hot flash drum vapour outlet G 0.0 321 0 0 0 210 2.5 31.9 0.0 1 4 AIT 1.3


U150-P(282) Diesel from fractioning section L 0.0 0 274 0 58 210 0.3 9.6 0.0 3 2 0.0


U150-P(312A) Splitter bottom (heavy naphtha to storage) L 0.0 160 59 0 0 210 0.7 5.9 0.0 2 3 0.0


U150-P(320) Cold flash drum vapour outlet to flash gas scrubber G 30.0 62 0 0 0 260 3.7 45.9 0.0 1 4 1.7


U150-P(323) Flash gas scrubber overhead G 0.0 60 0 0 0 500 3.7 46.0 0.0 1 4 0.0


U150-P(323B) Flash gas scrubber overhead G 0.0 40 0 0 0 500 3.7 46.0 0.0 1 4 0.0


U150-P(329) Hydrocarbon (L1) from cold flash drum L 0.0 62 134 0 210 0.6 7.0 2 3 1.3


U150-P(336) Gas from cold separator to scrubber G 0.0 55 0 0 0 500 3.9 61.6 0.0 1 4 0.5


U150-P(339B) Hot flash drum liquid outlet L 0.0 321 5 0 0 210 0.6 6.5 0.0 1 4 AIT LiqG 0.3


U150-P(358A) Debutanizer bottom L 0.0 200 60 0 0 233 0.8 6.4 0.0 2 3 0.0


U150-P(360) Recycle gas scrubber overhead (quench gas) G 0.0 60 0 0 0 500 3.9 61.6 0.0 1 4 0.0


U150-P(360A) Debutanizer bottom L 0.0 210 60 0 0 233 0.8 6.4 0.0 2 3 0.0


U150-P(361) Offgas debutanizer receiver G 6.5 33 0 0 0 260 2.4 12.7 0.0 1 4 16.5


U150-P(605)L UCO L 385 364 66 407 1.0 5.0 2 0.0


U150-P(633B) Offgas stripper receiver G 6.5 39 0 0 0 260 3.2 26.4 0.0 1 4 5.5


U150-P(653) Stripper bottom L 0.0 281 160 0 0 210 0.5 6.3 0.0 2 3 AIT 0.0


U150-P(702) Rich amine flash drum offgas G 6.5 65 0 0 0 500 3.9 52.2 0.0 1 4 1.7


U160-P(1117) Gas from first stage suction drum G 5.2 55 0 0 0 376 3.5 40.5 0.0 1 4 0.0


U160-P(1149) Toluene column bottom L 0.0 183 139 0 17 431 1.0 4.7 0.0 2 3 0.0


U160-P(1159) Gas from first stage suction drum G 0.0 143 0 0 0 376 3.5 40.5 0.0 1 4 0.0


U160-P(1167) Gas from second stage suction drum G 0.0 55 0 0 0 376 3.5 41.7 0.0 1 4 0.0


U160-P(1167) Mixed Xylenes to storage L 0.0 131 139 0 17 431 1.0 7.0 0.0 2 3 0.0


U160-P(1230) Gas from recontact drum G 0.0 4 0 0 0 400 3.9 54.6 0.0 1 4 0.0


U160-P(1230)G Gas from recontact drum G 0.0 4 0 0 0 400 3.9 54.6 0.0 1 4 0.0


U160-P(1230)L Gas from recontact drum L 0.0 4 34 0 0 280 0.8 6.3 0.0 1 4 0.0


U160-P(124) Light refomate to storage L 5.5 38 60 0.0 280 0.8 6.1 3 0.0


U160-P(1249) Xylenes column bottom to storage L 0.0 250 169 0 30 440 0.9 3.4 0.0 3 3 0.0


U160-P(1411) Vapour from debutanizer receiver G 0.0 34 0 0 0 372 2.3 11.3 0.0 1 4 0.0


U160-P(149) Combined feed to reactor 1 G 0.0 485 0 0 0 280 1.9 18.8 0.0 1 4 AIT 0.0


U160-P(149) Reformate splitter bottom L 0.0 178 143 0 4 345 1.0 4.8 0.0 2 3 0.0


U160-P(167)G Feed to separator G 0.0 120 0 0 0 280 3.5 46.9 0.0 1 4 0.0


U160-P(167)L Feed to separator L 0.0 120 113 0 0 280 0.7 5.9 0.0 2 3 0.0


U190-O(110) Absorber Feed G 0.0 0 - 0 0 210 3.3 16.1 1.0 1 4 21.0


U190-O(112) Absorber Bottoms L 0.0 0 3 0 0 210 1.2 9.1 2.2 1 4 LiqG 7.5


U190-O(120) Rich Sponge Oil L 0.0 0 - 0 0 210 0.5 8.9 2.2 2 3 7.3


U190-O(121) Stripper Bottoms L 0.0 0 - 0 0 210 1.1 8.3 2.4 2 3 1.4


U190-O(125) Stabilized Naphtha L 0.0 0 60 0 0 210 1.0 8.0 2.5 2 3 0.0


U190-O(19) Overhead Vapors G 0.0 0 - 0 0 260 2.2 12.8 1.3 1 4 10.8


U190-O(25) LCGO Product L 0.0 0 140 0 66 257 0.6 7.5 2.5 2 0.0


U190-O(36) HCGO Product L 0.0 0 260 0 135 260 1.0 5.0 2.5 1 0.0


U190-O(5) Vacuum Residu L 0.0 0 605 0 292 316 0.5 7.0 6.0 1 0.0


U420-P(19) Acid Gas G 1.1 55 - 0 0 260 4.0 43.9 0.0 1 4 92.2


U420-P(2) Acid Gas Flah D. G 1.1 55 - 0 0 260 3.6 27.2 0.0 1 4 0.0


U430-P(1) Amine acid G 0.8 55 0 0 0 260 4.3 44.7 1.1 1 4 89.4


U430-P(2) Recycle gas G 0.8 55 0 0 0 260 4.3 45.5 1.2 1 4 87.3


U430-P(22) Regenerator reflux L 1.5 55 100 - - 0.62 0.2


U430-P(32) Sour water stripper gas (Train 1) G 0.8 82 0 0 0 260 6.7 34.7 0.9 1 4 41.3


U430-P(35) First Claus reactor inlet (Train 1) G 0.4 1430 0 0 0 260 4.2 50.4 0.9 1 4 6.0
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U430-P(40) Effluent from first Claus reactor (Train 1) G 0.2 158 0 0.0 0.0 500.0 4.1 55.8 0.85 1 4 6.0


U430-P(52) Sour water stripper gas (Train 2) G 0.8 82 0 0 0 260 6.7 34.7 0.9 1 4 41.3


U430-P(64) Sulphur L 115 207 0 0 0.0 0.0 0.0 3 0.0


U430-P(7) Hydrogenation Outlet G 0.05 298 500 4.1 58.8 0.82 1 4 1.6


U440-P(10) Phenolic Sour Gas G 1.5 83 - 0 0 260 6.2 32.9 0.0 1 4 39.8


U440-P(11) Phenolic Stripper Reflux L 1.5 83 100 0 0 260 8.4 31.2 0.0 2 3 5.9


U440-P(2) Phenolic Sour Water L 1 60 100 0 - 260 5.9 31.2 0.0 1 0.3


U440-P(22) Feed Sour Water L 3.5 53 100 0 - 260 6.3 34.3 0.0 1 0.6


U440-P(28) Sour Gas G 1.5 83 - 0 0 260 6.4 34.1 0.0 1 4 40.9


U440-P(29) Stripper Reflux L 1.5 83 100 0 0 260 8.4 31.3 0.0 2 3 6.0


U450-P(15) Syngas G 0.0 0 0 0 0 0 0.0 0.0 0.0 1 4 0.0


U450-P(17)G Gas from hot separator G 27.1 151 0 0 0 500 4.1 60.1 0.4 1 4 0.0


U450-P(19)G Gas to PSA unit G 26.8 40 0 0 0 500 4.1 62.1 0.4 1 4 0.0


U450-P(5) Hydrogen/Naphtha G 39 350 0 280 0.9 7.5 1.94 1 4 0.0


U600-P(-) Flushing Oil (1) L 0.0 0 140 - 58 210 0.3 10.0 4.2 3 2 0.0


U600-P(+) Fuel Gas G 0.0 0 0 0 0 430 3.9 18.5 0.2 1 4 0.0


U600-P(1) Vacuum Residue L 0.0 0 605 0 292 316 0.9 7.0 6.0 1 0.0


U600-P(2) Unconverted Oil L 0.0 0 364 0 66 407 1.0 5.0 6.0 2 0.0


U620 Atmospheric Residu (VDU Shutdown Case) L 0.0 0 219 0 70 210 0.7 6.2 0.0 2 0.0


U620-P(1) Crude Oil L 0.0 0 47 0 0 210 0.7 6.7 0.0 2 3 0.0


U620-P(2) Crude Oil L 0.0 0 47 0 0 210 0.7 6.7 0.0 2 3 0.0


U620-P(3) Crude Oil L 0.0 0 47 0 0 210 0.7 6.7 0.0 2 3 0.0


U620-P(4) Off Spec Vacuum Residu L 0.0 0 191 0 76 210 0.7 5.7 0.0 2 0.0


U620-P(5) Slops L 0.0 0 80 0 21 210 0.0 0.0 0.0 2 3 0.0


U630-P(1) Straight Run . Light Naphtha L 0.0 0 52 0 0 243 1.2 6.5 2.5 2 3 0.0


U630-P(10) (HAGO+LVGO+MVGO+HVGO)&HCGO L 0.0 0 322 0 58 257 0.7 6.6 5.2 3 2 0.0


U630-P(11) (HAGO+LVGO+MVGO+HVGO)&HCGO L 0.0 0 322 0 58 257 0.7 6.6 5.2 3 2 0.0


U630-P(12) Vacuum Residu L 0.0 0 605 0 292 316 0.9 7.0 6.0 1 0.0


U630-P(13) Vacuum Residu L 0.0 0 605 0 292 316 0.9 7.0 6.0 1 0.0


U630-P(14) Splitter Light Naphtha L 0.0 0 40 0 0 206 0.7 6.1 2.5 2 3 0.0


U630-P(15) Splitter Light Naphtha L 0.0 0 40 0 0 206 0.7 6.1 2.5 2 3 0.0


U630-P(16)1 Splitter Bottom (U120/37-40) L 0.0 0 127 0 0 224 0.7 5.9 2.5 2 3 0.0


U630-P(16)2 Splitter Bottom (U120/37-40) L 0.0 0 127 0 0 224 0.7 5.9 2.5 2 3 0.0


U630-P(17)1 Splitter bottom (heavy naphtha to storage)(U150/320) L 0.0 0 59 0 0 210 0.7 5.9 2.6 2 3 0.0


U630-P(17)2 Splitter bottom (heavy naphtha to storage)(U150/320) L 0.0 0 59 0 0 210 0.7 5.9 2.6 2 3 0.0


U630-P(18) Hydrocracker Light  Naphtha L 0.0 0 38 0 0 258 1.2 7.4 2.5 2 3 0.0


U630-P(19) Hydrocracker Light  Naphtha L 0.0 0 38 0 0 258 1.2 7.4 2.5 2 3 0.0


U630-P(2) Straight Run . Light Naphtha L 0.0 0 52 0 0 243 1.2 6.5 2.5 2 3 0.0


U630-P(20) Hydrocracker Light  Naphtha L 0.0 0 38 0 0 258 1.2 7.4 2.5 2 3 0.0


U630-P(21) Ref. Splitter Overhead L 0.0 0 60 0 0 280 0.8 6.1 2.5 2 3 0.0


U630-P(22) Ref. Splitter Overhead L 0.0 0 60 0 0 280 0.8 6.1 2.5 2 3 0.0


U630-P(23) Toluene L 0.0 0 108 0 0 328 1.1 7.1 3.2 2 3 0.0


U630-P(24) Toluene L 0.0 0 108 0 0 328 1.1 7.1 3.2 2 3 0.0


U630-P(25) Xylene Column Bottom L 0.0 0 169 0 30 440 0.9 3.4 3.0 3 3 0.0


U630-P(26) Xylene Column Bottom L 0.0 0 169 0 30 440 0.9 3.4 3.0 3 3 0.0


U630-P(27) Saturated LPG (Off Spec.) (U110/23 & U410/102A) L 0.0 0 -42 0 0 344 1.8 8.7 1.9 1 4 LiqG 0.0


U630-P(28) Saturated LPG (Off Spec.) (U110/23 & U410/102A) L 0.0 0 -42 0 0 336 1.8 8.7 1.9 1 4 LiqG 0.0


U630-P(29) Saturated LPG (Off Spec.) (U110/23 & U410/102A) L 0.0 0 -42 0 0 194 1.8 8.7 1.9 1 4 LiqG 0.0


U630-P(3) Stabilized Naphtha L 0.0 0 60 0 0 210 1.0 8.0 2.5 2 3 0.0


U630-P(30) Unsaturated LPG ( Off Spec.) L 0.0 0 -42 0 0 371 2.0 9.5 1.7 1 4 LiqG 0.0


U630-P(31) Unsaturated LPG L 0.0 0 -42 0 0 371 2.0 9.5 1.7 1 4 LiqG 0.0


U630-P(33) Heavy Slops L 0.0 0 120 0 135 257 0.0 0.0 0.0 1 0.0


U630-P(34) Light Slops L 0.0 0 80 0 21 210 0.0 0.0 0.0 3 0.0


U630-P(35) Slops L 0.0 0 80 0 21 210 0.0 0.0 0.0 3 0.0


U630-P(4) Straight Run  Heavy Naphtha L 0.0 0 132 0 20 210 1.0 5.7 2.9 2 3 0.0


U630-P(5) Straight Run . Kerosene L 0.0 0 182 0 56 210 0.6 5.3 4.3 3 2 0.0


U630-P(6) Kerosene L 0.0 0 182 0 56 210 0.6 5.3 4.3 3 2 0.0


U630-P(7)1 Diesel L 0.0 0 255 0 99 210 0.3 8.5 4.2 1 0.0


U630-P(7)2 LCGO Product L 0.0 0 140 0 66 257 0.6 7.5 2.5 2 0.0


U630-P(8)1 Diesel L 0.0 0 255 0 99 210 0.3 8.5 4.2 1 0.0


U630-P(8)2 LCGO Product L 0.0 0 140 0 66 257 0.6 7.5 2.5 2 0.0


U630-P(9)1 Diesel L 0.0 0 255 0 99 210 0.3 8.5 4.2 1 0.0


U630-P(9)2 LCGO Product L 0.0 0 140 0 66 257 0.6 7.5 2.5 2 0.0
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APPENDIX C MAJOR HAZARD QRA 000-A-PE-0070025
REVISION 2, 13 MAR 2013


STAR REFINERY


LIQ PRESSURE TEMP PRESSURE TEMP. BP FP AIT FLAM TOX


[M³] [BARA] [°C] [BARA] [°C] [°C] [°C] [°C]


100C-001 CRUDE TOWER COLUMN DESTILLATION V 228.5 4.4 410 2.0 370 U100-P(24) Crude Tower Top Reflux L 76 0 210 34.79 0.01


100C-002 KEROSENE STRIPPER COLUMN STRIPPING V 13.8 3.9 290 1.5 205 U100-P(28) Kerosene draw off L 0 127 41 210 20.69 0.00


100C-003 DIESEL STRIPPER COLUMN STRIPPING V 20.9 3.9 290 1.7 257 U100-P(36) Diesel draw off L 0 184 94 210 8.31 0.00


100C-004 HAGO STRIPPER COLUMN STRIPPING V 3.7 4.4 380 1.9 336 U100-P(44) HAGO draw off L 0 216 127 210 8.29 0.00


100C-100 VACUUM TOWER COLUMN DESTILLATION V 48.7 3.4 420 0.0 386 U100-P(125) Vacuum residu L 0 605 292 316 9.36 0.00


100C-101 VACUUM OFF-GAS AMINE ABSORBER COLUMN ABSORBTION V 0.6 3.4 90 0.1 61 U100-RA(402) Rich amine vacuum off gas L 0 57 0 265 33.98 6.89


100D-003 DESALTING WATER DRUM VESSEL INTERMEDIATE STORAGE V 6.1 4.9 90 3.0 55 U100-SW(301) Desalting Water L 100 - - 5.40 0.00


100D-004 CRUDE PREFLASH DRUM VESSEL INTERMEDIATE STORAGE H 383.0 5.4 240 3.2 161 U100-P(15) Preflashed Crude U100-P(14) L 84 32.2 210 33.40 0.00


100D-005 FIRST STAGE ACCUMULATOR VESSEL INTERMEDIATE STORAGE H 147.2 5.4 130 2.0 97 U100-P(24) Crude Tower Top Reflux U100-P(21) L 76 0 210 32.72 0.01


100D-006 SECOND STAGE ACCUMULATOR VESSEL INTERMEDIATE STORAGE H 130.6 4.9 90 1.5 42 U100-P(27) Straight Run  Unstabilized Naphtha U100-P(23) L 28 0 210 42.47 0.22


100D-007 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 1.0 7.9 90 4.3 42 U000-4 Light Hydrocarbons Fuel Gas L 0 60 0 210 30.67 0.00


100D-100 VACUUM CONDENSATE ACCUMULATOR VESSEL INTERMEDIATE STORAGE H 34.9 4.4 90 1.2 42 U100-P(106) Vacuum Slop Oil U100-P(104) L 130 57 210 13.62 0.54


100D-101 SEAL POT VESSEL INTERMEDIATE STORAGE V 1.5 4.4 90 1.2 47 U100-P(104) VDU Sour Off-Gas U100-P(104) G - 0 260 1.81 4.64


100D-104 AR / VR RUNDOWN SURGE DRUM VESSEL INTERMEDIATE STORAGE V 19.0 4.4 180 2.0 75 U000-9 AR / VR / Diesel / kero (U100-P(-)) L 0 219 70 210 29.58 0.00


100D-200 TEMPERED WATER EXPANSION DRUM VESSEL INTERMEDIATE STORAGE V 1.4 0.0 90 1.0 55 U000-1 Water L 0 100 - - 1.03 0.00


100D-210 LIGHT CLOSED DRAIN SUMP DRUM VESSEL INTERMEDIATE STORAGE H 34.4 4.4 300 1.1 20 U630-P(34) Light Slops L 0 80 21 210 21.79 0.00


100D-220 HEAVY CLOSED DRAIN SUMP DRUM VESSEL INTERMEDIATE STORAGE H 34.4 4.4 400 1.1 20 U630-P(33) Heavy Slops L 0 120 135 257 5.45 0.00


100D-230 BOILERS BLOWDOWN LP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.5 8.8 240 6.7 163 U000-1 Water Steam L 0 100 - - 1.73 0.00


100D-231 BOILERS BLOWDOWN ATMOSPHERIC FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.6 0.0 130 1.0 100 U000-1 Water Steam L 0 100 - - 1.02 0.00


100D-240 LP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.8 8.8 300 6.7 163 U000-1 Water Steam L 0 100 - - 1.74 0.00


100D-241 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.3 4.4 190 1.5 111 U000-1 Water Steam L 0 100 - - 1.61 0.00


100D-250 LIGHT FLUSHING OIL DRUM VESSEL INTERMEDIATE STORAGE V 0.2 4.4 210 2.5 151 U600-P(-) Flushing Oil (1) L 140 57.8 210 18.98 0.00


100D-260 STEAM-AIR DECOKING DRUM VESSEL INTERMEDIATE STORAGE V 2.6 0.0 340 1.0 95 U000-1 Water steam L 0 100 - - 1.04 0.00


100D-270 LIGHT HC RELIEF HEADER KO DRUM VESSEL INTERMEDIATE STORAGE H 13.4 4.4 350 1.1 42 U630-P(34) Light Slops flare gas L 0 80 21 210 29.47 0.00


100D-280 HEAVY HC RELIEF HEADER KO DRUM VESSEL INTERMEDIATE STORAGE H 35.0 4.4 350 1.1 42 U630-P(33) Heavy Slops flare gas L 0 120 135 257 5.45 0.00


110C-001 ABSORBER COLUMN ABSORBTION V 1.1 14.7 90 12.8 57 U110-P(15) Absorber Bottom L 57 57 210 21.36 23.00


110C-002 STRIPPER COLUMN STRIPPING V 2.8 15.7 180 13.7 152 U110-P(13) Stripper Bottom L 42 42 210 21.58 4.36


110C-003 DE-ETHANIZER COLUMN DESTILLATION V 14.9 17.2 110 14.7 81 U110-P(23) LPG L LiqG 38 0 430 73.49 0.00


110C-100 STABILIZER COLUMN DESTILLATION V 71.0 10.3 200 8.2 167 U110-P(106) Stabilized Naphtha L 64 0 210 34.26 0.00


110C-101 SPLITTER COLUMN DESTILLATION V 44.7 3.9 210 1.7 171 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 31.13 0.00


110C-200 SOUR FUEL GAS AMINE SCRUBBER COLUMN SCRUBBING V 2.8 13.7 90 11.4 61 U100-RA(402) Rich amine Fuel gas L 0 57 0 265 34.12 6.90


110C-201 SOUR LPG AMINE CONTACTOR COLUMN ABSORBTION V 48.5 47.1 80 16.5 51 U100-RA(402) Rich amine LPG L 0 57 0 265 37.08 7.21


110D-001 LP GAS COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 0.7 4.4 150 1.4 42 U000-3 LPG/Naphtha U110-P(3) L 0 20 0 210 40.02 0.00


110D-002 MP GAS COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 0.9 10.8 90 5.9 42 U000-3 LPG/Naphtha U110-P(10) L 0 20 0 210 43.60 0.00


110D-003 MP GAS DRUM VESSEL INTERMEDIATE STORAGE H 4.7 10.8 90 5.9 42 U110-P(11) MP Liquid U110-P(9) L 42 0 210 33.50 10.58


110D-004 ABSORBER STRIPPER FEED DRUM VESSEL INTERMEDIATE STORAGE H 4.7 15.7 90 13.8 42 U110-P(16) Stripper Feed U110-P(13) G - 0 210 2.06 27.40


110D-005 STRIPPER WATER SEPARATOR VESSEL INTERMEDIATE STORAGE V 0.1 16.7 100 14.5 66 U000-1 Water L 0 100 - - 1.55 0.00


110D-006 DE-ETHANIZER OVERHEAD DRUM VESSEL INTERMEDIATE STORAGE H 2.9 18.2 90 14.9 42 U110-P(22) De-ethanizer Reflux U110-P(21) L LiqG 42 0 430 73.20 0.07


110D-100 STABILIZER OVERHEAD DRUM VESSEL INTERMEDIATE STORAGE H 19.1 11.3 90 8.2 43 U110-P(104) Sour LPG G LiqG - 0 430 69.84 6.74


110D-101 STABILIZER REBOILER CONDENSATE POT VESSEL INTERMEDIATE STORAGE V 0.8 22.1 350 19.6 211 U000-1 Water L 0 100 - - 1.91 0.00


110D-102 SPLITTER OVERHEAD DRUM VESSEL INTERMEDIATE STORAGE H 14.0 4.9 120 2.0 76 U110-P(111) MP Liquid L 42 0 210 31.40 10.24


110D-103 SPLITTER REBOILER CONDENSATE POT VESSEL INTERMEDIATE STORAGE V 0.7 22.1 350 19.6 211 U000-1 Water L 0 100 - - 1.91 0.00


110D-200 SWEET FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.6 14.2 90 12.0 47 U000-2 Amine Mixture Fuel Gas L 0 247 127 400 6.10 0.00


110D-201 LPG/AMINE SETTLER DRUM VESSEL INTERMEDIATE STORAGE H 16.9 48.1 90 16.7 55 U110-P(206) Sweet LPG G LiqG - 0 430 75.53 0.00


110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM VESSEL INTERMEDIATE STORAGE H 17.9 4.4 170 1.1 136 U000-3 LPG/Naphtha L 0 20 0 210 40.90 0.00


110D-301 LP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 6.1 8.8 300 6.7 163 U000-1 Water steam L 0 100 - - 1.76 0.00


110D-302 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 7.4 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.63 0.00


110D-303 HC RELIEF HEADER KO DRUM VESSEL INTERMEDIATE STORAGE H 6.7 4.4 350 1.1 42 U630-P(34) Light Slops flare gas L 0 80 21 210 29.29 0.00


116C-001 SOUR FUEL GAS AMINE SCRUBBER COLUMN SCRUBBING V 4.0 13.7 100 11.6 64 U100-RA(402) Rich amine Fuel gas L 0 57 0 265 34.19 6.91


116C-002 SOUR LPG AMINE CONTACTOR COLUMN ABSORBTION V 93.8 47.1 100 23.4 60 U100-RA(402) Rich amine LPG L 0 57 0 265 39.00 7.41


116D-001 SWEET FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.9 14.2 90 12.2 51 U000-2 Amine Mixture U116-P(2) L 0 247 127 400 6.11 0.00


116D-002 LPG/AMINE SETTLER DRUM VESSEL INTERMEDIATE STORAGE H 5.7 48.1 90 22.6 55 U116-P(5) LPG L LiqG -20 0 371 77.25 0.00


120C-001 FIRST HDT REACTOR REACTOR HYDROGENATION V 37.7 71.6 380 49.1 207 U120-P(10) Naphta effluent 1st reactor L 0 38 0 224 54.91 1.63


120C-002 SECOND HDT REACTOR REACTOR HYDROGENATION V 115.0 51.5 380 42.4 340 U120-P(11-15)L Naphta effluent 2nd reactor L 0 108.5 0 280 54.32 0.00


120C-101 STRIPPER COLUMN STRIPPING V 65.6 17.2 280 15.0 263 U120-P(30) Stripper Bottom L 126 0 224 38.17 0.00


120C-102 SPLITTER COLUMN DESTILLATION V 44.6 3.9 220 2.0 185 U120-P(39) Splitter Bottom L 126.7 0 224 31.13 0.00


120D-001 MAKE UP COMPRESSOR K.O. DRUM VESSEL INTERMEDIATE STORAGE V 0.1 30.4 80 24.5 45 U000-4 Light Hydrocarbons U120-P(2) L 0 60 0 210 34.52 0.00


120D-002 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE H 36.1 4.9 80 3.0 38 U120-P(1) Naphtha L 38 0 224 31.73 0.00


120D-003 SEPARATOR DRUM VESSEL INTERMEDIATE STORAGE H 35.6 43.7 200 36.0 42 U120-P(21) Compressor Recycle Gas U120-P(19) G 0 0 400 50.30 2.07


120D-004 RECYCLE COMPRESSOR K.O. DRUM VESSEL INTERMEDIATE STORAGE V 0.5 43.7 200 35.9 42 U000-4 Light Hydrocarbons U120-P(20) L 0 60 0 210 35.78 0.00


120D-005 WASHING WATER DRUM VESSEL INTERMEDIATE STORAGE V 1.5 4.4 120 2.5 42 U000-1 Water L 0 100 - - 1.31 0.00


120D-101 STRIPPER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 4.9 18.2 140 15.0 42 U120-P(27) Stripper Reflux U120-P(26) L 30 0 206 46.04 31.02


120D-102 SPLITTER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 13.9 4.9 160 11.8 55 U120-P(35) Light Naphtha from Splitter Reflux Drum L 50 0 206 31.40 0.00


120D-201 CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 8.0 4.4 190 1.1 155 U000-4 Light Hydrocarbons L 0 60 0 210 30.93 0.00


120D-202 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 7.9 90 4.4 55 U000-4 Light Hydrocarbons Fuel Gas L 0 60 0 210 30.51 0.00


120D-203 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.6 1.0 305 1.0 100 U000-1 Water L 0 100 - - 1.02 0.00


120D-204 LP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 19.2 4.4 350 1.7 158 U630-P(34) Light Slops flare gas L 0 80 21 210 31.18 0.00


120D-205 HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 21.7 4.7 350 2.8 200 U630-P(34) Light Slops flare gas L 0 80 21 210 33.82 0.00


130C-001 HDS REACTOR REACTOR HYDROGENATION V 55.9 46.6 380 35.5 344 U130-P(5) Kersone feed L 0 145 38 210 33.40 0.00


130C-101 STRIPPER COLUMN STRIPPING V 70.0 4.4 280 2.2 237 U130-P(5) Kersone feed L 0 145 38 210 21.31 0.00


130D-001 MAKE UP COMPRESSOR K.O. DRUM VESSEL INTERMEDIATE STORAGE V 0.2 30.4 80 24.2 45 U630-P(34) Light Slops U130-P(4) L 0 80 21 210 34.59 0.00


130D-002 FEED COALESCER DRUM VESSEL INTERMEDIATE STORAGE H 1.0 9.3 130 5.3 96 U000-1 Water U130-P(5) L 0 100 - - 1.45 0.00


130D-003 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE V 53.9 4.9 130 3.0 97 U130-P(5) Kersone feed L 0 145 38 210 18.94 0.00


130D-004 COLD HP SEPARATOR VESSEL INTERMEDIATE STORAGE H 32.1 36.3 170 27.9 55 U130-P(20) HC liquid from HP separator U130-P(13) L 151 0 168 36.12 3.36


130D-005 RECYCLE COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 36.3 170 27.8 55 U630-P(34) Light Slops U130-P(15) L 0 80 21 210 35.13 0.00


130D-101 STRIPPER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 1.2 6.9 210 2.3 42 U130-P(28) Stripper Reflux U130-P(26) L 0 151 0 168 30.30 8.95


130D-201 CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 12.0 4.4 230 1.1 194 U630-P(34) Light Slops L 0 80 21 210 33.44 0.00


130D-202 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 7.9 90 4.4 55 U000-4 Light Hydrocarbons Fuel Gas L 0 60 0 210 30.49 0.00


130D-204 LP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 26.1 4.4 350 1.7 167 U630-P(34) Light Slops flare gas L 0 80 21 210 31.29 0.00


130D-205 HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 26.3 4.7 350 2.8 176 U630-P(34) Light Slops flare gas L 0 80 21 210 31.49 0.00


140C-001 HDS REACTOR REACTOR HYDROGENATION V 585.8 78.5 420 61.0 389 U140-P(17)L Diesel effluent L 0 97 57.8 257 35.96 0.00


140C-002 HP AMINE ABSORBER COLUMN ABSORBTION V 5.1 63.3 150 48.9 70 U100-RA(402) Rich amine U140-P(24) L 0 57 0 265 38.86 7.40


140C-101 STRIPPER COLUMN STRIPPING V 84.2 10.8 310 8.5 264 U140-P(59) Stripper Diesel to Drier L 95 0 206 36.89 0.00


140C-102 VACUUM DRYER COLUMN DESTILLATION V 16.0 3.4 160 0.2 130 U140-P(17)L Diesel effluent L 0 97 57.8 257 21.64 0.00


140D-001 MAKE UP COMPRESSOR K.O. DRUM VESSEL INTERMEDIATE STORAGE V 0.3 30.4 90 24.2 45 U630-P(34) Light Slops U140-P(26) L 0 80 21 210 34.62 0.00


140D-002 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE H 155.6 5.4 140 3.5 104 U140-P(7) Stripper Diesel to Drier L 95 0 206 32.75 0.00


140D-003 WASHING WATER DRUM VESSEL INTERMEDIATE STORAGE V 3.7 4.4 120 2.5 42 U000-1 Water L 0 100 - - 1.32 0.00


140D-004 COLD HP SEPARATOR VESSEL INTERMEDIATE STORAGE H 115.8 64.3 150 50.1 55 U140-P(35) Cold HP Separator Liq. Out U140-P(23) L 90 0 206 38.46 11.41


140D-005 RECYCLE COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 0.9 64.3 120 49.5 83 U630-P(34) Light Slops U140-P(32) L 0 80 21 210 38.61 0.00


140D-006 LEAN AMINE SURGE DRUM VESSEL INTERMEDIATE STORAGE V 16.9 4.4 120 2.5 65 U000-2 Amine Mixture L 0 247 127 400 5.39 0.00


140D-007 HP AMINE ABSORBER K.O. DRUM VESSEL INTERMEDIATE STORAGE V 1.0 64.3 150 50.1 55 U630-P(34) Light Slops U140-P(24) L 0 80 21 210 37.02 0.00


140D-008 RICH AMINE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 13.8 10.8 100 8.6 70 U140-P(47) Rich Amine U140-P(48) L 240 127 400 6.04 12.34


140D-009 CONDENSATE POT VESSEL INTERMEDIATE STORAGE V 5.0 1.0 EPC 1.0 EPC U000-1 Water L 0 100 - - 1.34 0.00


140D-101 STRIPPER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 8.0 13.8 290 8.6 42 U140-P(54) Wild naphtha to SGP U140-P(53) L 25 0 206 45.08 44.51


140D-102 DRYER OVERHEAD RECEIVER VESSEL INTERMEDIATE STORAGE H 1.6 4.4 310 1.3 42 U140-P(68) Stripper Diesel to Drier L 95 0 206 29.01 0.00


140D-103 DRYER SEAL POT VESSEL INTERMEDIATE STORAGE V 5.0 1.0 EPC 1.0 EPC


140D-201 CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 40.8 4.4 270 1.1 237 U630-P(34) Light Slops L 0 80 21 210 33.86 0.00


140D-202 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 7.9 90 4.4 55 U000-4 Light Hydrocarbons Fuel Gas L 0 60 0 210 30.49 0.00


140D-203 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.2 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.60 0.00


140D-204 LP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 59.6 4.4 350 1.7 242 U630-P(34) Light Slops flare gas L 0 80 21 210 34.03 0.00


140D-205 HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 59.6 4.7 350 2.8 174 U630-P(34) Light Slops flare gas L 0 80 21 210 31.82 0.00


150C-001 STAGE 1 TREATING REACTOR REACTOR CRACKING V 632.4 188.4 454 154.8 435 U150-P(232)L VGO + HGCO L 0 -76 0 210 86.32 4.43


150C-002 STAGE 1 CRACKING REACTOR REACTOR CRACKING V 297.1 183.4 450 150.4 414 U150-P(232)L VGO + HGCO L 0 -76 0 210 84.98 4.39


150C-003 STAGE 2 REACTOR REACTOR CRACKING V 608.9 188.8 440 155.4 406 U150-P(605)L UCO L 0 364 66 407 41.08 0.00


150C-004 HOT SEPARATOR COLUMN DESTILLATION V 68.4 174.6 400 145.8 316 U150-P(266) Hot separator liquid outlet L LiqG -84 0 210 86.62 3.43


150C-005 RECYCLE GAS SCRUBBER COLUMN SCRUBBING V 22.9 159.9 180 141.3 62 U100-RA(402) Rich amine U150-P(360) L 0 57 0 265 42.08 7.73


150C-006 FLASH GAS SCRUBBER COLUMN SCRUBBING V 0.5 33.8 290 28.7 66 U100-RA(402) Rich amine U150-P(323) L 0 57 0 265 36.61 7.16


150C-101 STRIPPER COLUMN STRIPPING V 40.5 11.3 400 8.6 278 U150-P(653) Stripper bottom L 160 0 210 36.68 0.00


150C-102 PRODUCT FRACTIONATOR COLUMN DESTILLATION V 177.6 5.7 420 1.6 384 U150-P(177) Rich caustic L 0 100 - 0 1.76 0.00


150C-103 DIESEL STRIPPER COLUMN STRIPPING V 11.5 6.4 340 1.3 284 U150-P(282) Diesel from fractioning section L 274 58 210 21.58 0.00


150C-104 KEROSENE STRIPPER COLUMN STRIPPING V 8.4 6.4 310 1.1 236 U150-P(208A) Kerosene stripper bottom to storage L 179 0 210 34.44 0.00


150C-105 DEBUTANIZER COLUMN DESTILLATION V 9.6 14.7 240 12.5 210 U150-P(358A) Debutanizer bottom L 60 0 233 37.00 0.00


150C-106 NAPHTHA SPLITTER COLUMN DESTILLATION V 6.8 5.7 200 2.0 166 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 31.64 0.00


150C-107 DIESEL VACUUM DRIER COLUMN DESTILLATION V 14.4 5.7 230 -0.8 165 U140-P(17)L Diesel effluent L 0 97 57.8 257 21.62 0.00


150D-001 STAGE 1 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE V 121.9 30.4 290 8.1 190 U150-P(102A) VGO fron U-100 L 0 400 58 267 22.64 0.00


150D-002 STAGE 2 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE V 139.3 30.4 320 3.5 204 U150-P(610) UCO L 0 364 66 407 22.69 0.00


150D-003 HOT FLASH DRUM VESSEL INTERMEDIATE STORAGE V 68.4 36.3 400 30.8 321 U150-P(261) Hot separator vapour outlet U150-P(253) G 0 0 500 49.94 2.80


150D-004 COLD SEPARATOR VESSEL INTERMEDIATE STORAGE H 23.5 160.9 290 142.3 55 U150-P(312) Diesel from fractioning section U150-P(336) L 274 58 210 20.32 0.00


150D-005 COLD FLASH DRUM VESSEL INTERMEDIATE STORAGE H 38.0 35.3 290 30.4 62 U150-P(329) Hydrocarbon (L1) from cold flash drum U150-P(320) L 0 134 0 210 36.11 5.53


150D-006 RECYCLE GAS COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 7.1 160.9 180 142.1 60 U630-P(34) Light Slops U150-P(336) L 0 80 21 210 40.16 0.00


150D-007 LEAN AMINE SURGE DRUM VESSEL INTERMEDIATE STORAGE V 98.6 17.7 190 3.5 57 U000-2 Amine Mixture fuelgas L 0 247 127 400 6.62 0.00


150D-008 RICH AMINE FLASH DRUM VESSEL INTERMEDIATE STORAGE H 74.5 10.8 190 8.8 65 U150-P(704) Rich amine flash drum offgas U150-P(702) G 0 0 500 45.19 6.98


150D-009 FIRST STAGE SUCTION DRUM VESSEL INTERMEDIATE STORAGE V 1.3 29.9 120 24.5 45 U630-P(34) Light Slops Hydrogen L 0 80 21 210 34.75 0.00


150D-010 BACKWASH SURGE DRUM VESSEL INTERMEDIATE STORAGE V 5.4 6.7 290 4.4 150 U150-P(102A) VGO fron U-100 L 0 400 58 267 19.05 0.00


150D-011 OFFGAS KO DRUM VESSEL INTERMEDIATE STORAGE V 7.0 34.8 290 29.2 40 U150-P(323D) Flash gas scrubber overhead U150-P(323B) G 0 0 500 48.73 0.00


150D-012 SULFIDE STORAGE DRUM VESSEL INTERMEDIATE STORAGE V 208.1 6.7 190 1.0 38 U150-P(-) DMDS L 0 110 16 300 26.24 0.00


150D-101 STRIPPER RECEIVER VESSEL INTERMEDIATE STORAGE H 39.0 13.3 190 9.1 40 U150-P(634A) Offgas stripper receiver U150-P(633B) G 0 0 260 45.62 22.91


150D-102 PREFLASH DRUM VESSEL INTERMEDIATE STORAGE V 76.9 12.3 360 6.5 310 U150-P(156A) Offgas pre-flash drum to fractionator U150-P(154) G 0 0 210 48.87 0.00


150D-103 PRODUCT FRACTIONATOR RECEIVER VESSEL INTERMEDIATE STORAGE H 174.5 6.9 190 1.3 100 U150-P(193) Rich caustic L 0 100 - 0 1.50 0.00


150D-104 DEBUTANIZER RECEIVER VESSEL INTERMEDIATE STORAGE H 6.4 16.2 190 12.8 40 U150-P(376B) Offgas debutanizer receiver U150-P(361) G 0 0 260 45.67 68.84


150D-105 NAPHTHA SPLITTER RECEIVER VESSEL INTERMEDIATE STORAGE H 5.4 7.4 190 2.1 63 U150-P(299) Diesel from fractioning section L 274 58 210 19.23 0.00


150D-106 A/B HEAVY NAPHTHA SULFUR GUARD BEDS VESSEL INTERMEDIATE STORAGE V 29.8 21.1 210 8.6 160 U150-P(320) Cold flash drum vapour outlet to flash gas scrubber G 0 0 260 47.32 7.10


150D-107 EJECTOR RECEIVER VESSEL INTERMEDIATE STORAGE H 1.2 8.4 350 1.2 40 U150-P(720) Rich amine flash drum offgas G 0 0 500 42.63 6.77


RESULTPROCESS PROPERTIES
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APPENDIX C MAJOR HAZARD QRA 000-A-PE-0070025
REVISION 2, 13 MAR 2013


STAR REFINERY


LIQ PRESSURE TEMP PRESSURE TEMP. BP FP AIT FLAM TOX


[M³] [BARA] [°C] [BARA] [°C] [°C] [°C] [°C]


RESULTPROCESS PROPERTIES


PHASE LIQUEFIED
FLUID DESCRIPTION GAS


DESIGNEQUIPMENT


TAG DESCRIPTION TYPE PROCESS ORIENTATION


150D-108 WASH WATER BREAK TANK VESSEL INTERMEDIATE STORAGE V 1.5 6.7 290 1.7 45 U000-1 Water L 0 100 - - 1.39 0.00


150D-301 LIGHT HC CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 13.9 4.4 235 1.1 207 U630-P(34) Light Slops flare gas L 0 80 21 210 33.48 0.00


150D-302 HEAVY HC CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 40.8 4.4 350 1.1 320 U630-P(33) Heavy Slops flare gas L 0 120 135 257 8.47 0.00


150D-303 FUEL GAS COALESCER VESSEL INTERMEDIATE STORAGE H 5.0 7.9 90 4.2 42 U000-1 Water fuelgas L 0 100 - - 1.43 0.00


150D-304 A/B FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 55.2 4.6 350 2.7 307 U630-P(33) Heavy Slops flare gas L 0 120 135 257 8.53 0.00


150D-305 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 1.6 7.9 90 4.2 55 U000-4 Light Hydrocarbons Fuel Gas L 0 60 0 210 30.74 0.00


150D-306 LP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.2 8.5 305 6.7 163 U000-1 Water steam L 0 100 - - 1.73 0.00


150D-307 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.8 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.61 0.00


150D-308 BOILERS BLOWDOWN LP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.2 8.5 235 6.7 163 U000-1 Water steam L 0 100 - - 1.72 0.00


150D-309 BOILERS BLOWDOWN LP ATMOSPHERIC FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.7 0.0 130 1.0 100 U000-1 Water steam L 0 100 - - 1.03 0.00


160C-001 REACTOR No 1 REACTOR CRACKING V 36.4 8.1 549 4.8 549 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 49.91 0.00


160C-002 REACTOR No 2 REACTOR CRACKING V 41.6 7.4 549 4.3 549 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 49.56 0.00


160C-003 REACTOR No 3 REACTOR CRACKING V 46.6 6.7 549 3.8 549 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 49.22 0.00


160C-004 REACTOR No 4 REACTOR CRACKING V 47.6 6.0 549 3.4 549 U150-P(312A) Splitter bottom (heavy naphtha to storage) L 59 0 210 48.77 0.00


160C-101 DEBUTANIZER COLUMN DESTILLATION V 32.3 12.8 290 10.8 262 U160-P(1441) Vapour from debutanizer receiver G 0 0 372 45.36 0.00


160C-301 REFORMATE SPLITTER COLUMN DESTILLATION V 19.7 5.7 220 1.4 183 U160-P(149) Reformate splitter bottom L 143.2 4 345 31.95 0.00


160C-302 TOLUENE COLUMN COLUMN DESTILLATION V 21.8 5.7 220 1.2 184 U160-P(1149) Toluene column bottom L 139.2 17 431 31.98 0.00


160C-303 XYLENE COLUMN COLUMN DESTILLATION V 36.4 6.4 290 4.7 256 U160-P(1249) Xylenes column bottom to storage L 168.5 30 440 32.51 0.00


160D-001 FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE V 45.9 20.6 190 3.9 148 U160-P(120) Mixed Xylenes to storage L 139.4 17 431 36.16 0.00


160D-002 SEPARATOR VESSEL INTERMEDIATE STORAGE V 13.4 5.4 120 3.9 49 U160-P(167)L Feed to separator U160-P(167)G L 112.5 0 280 30.08 0.00


160D-004 STEAM DISENGAGING DRUM VESSEL INTERMEDIATE STORAGE H 11.6 49.1 290 36.3 256 U000-1 Water steam L 0 100 - - 2.09 0.00


160D-101 FIRST STAGE SUCTION DRUM VESSEL INTERMEDIATE STORAGE V 2.5 9.8 120 6.1 55 U160-P(1141) Gas from first stage suction drum U160-P(1117) G 0 0 376 43.43 0.00


160D-102 SECOND STAGE SUCTION DRUM VESSEL INTERMEDIATE STORAGE V 1.6 17.7 150 13.9 55 U160-P(1191) Mixed Xylenes to storage U160-P(1167) L 139.4 17 431 33.18 0.00


160D-103 RECONTACT DRUM VESSEL INTERMEDIATE STORAGE V 11.1 32.9 120 29.4 4


160D-104 A/B NET GAS CHLORIDE TREATERS VESSEL INTERMEDIATE STORAGE V 1.0 32.9 120 29.4 4 U160-P(1230)L Gas from recontact drum U160-P(1230) L 0 34 0 280 45.93 0.00


160D-105 PSA FEED KNOCKOUT DRUM VESSEL INTERMEDIATE STORAGE V 0.9 32.9 120 29.4 4 U000-4 Light Hydrocarbons U160-P(1230) L 0 60 0 210 34.98 0.00


160D-106 DEBUTANIZER RECEIVER VESSEL INTERMEDIATE STORAGE H 4.4 13.8 190 11.4 34 U160-P(1421) Vapour from debutanizer receiver U160-P(1411) G 0 0 372 44.91 0.00


160D-107 A/B LPG CHLORIDE TREATERS VESSEL INTERMEDIATE STORAGE V 3.6 26.0 120 19.1 34 U160-P(1421) Vapour from debutanizer receiver G 0 0 372 47.38 0.00


160D-301 REFORMATE SPLITTER RECEIVER VESSEL INTERMEDIATE STORAGE V 3.8 7.4 190 1.4 56 U160-P(124) Light refomate to storage L 0 59.61 0 280 30.70 0.00


160D-302 TOLUENE COLUMN RECEIVER VESSEL INTERMEDIATE STORAGE V 4.5 7.4 190 1.4 104 U160-P(1124) Gas from first stage suction drum G 0 0 376 42.44 0.00


160D-303 XYLENE COLUMN RECEIVER VESSEL INTERMEDIATE STORAGE V 7.8 7.9 240 4.4 198 U160-P(1166) Gas from first stage suction drum G 0 0 376 42.86 0.00


160D-501 CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 12.0 4.4 210 1.1 173 U630-P(34) Light Slops FLARE GAS L 0 80 21 210 31.04 0.00


160D-502 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 1.6 7.9 90 4.2 55 U630-P(34) Light Slops FUEL GAS L 0 80 21 210 30.74 0.00


160D-503 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.5 4.4 310 1.5 111 U000-1 Water STEAM L 0 100 - - 1.60 0.00


160D-504 BOILERS BLOWDOWN LP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.2 8.5 235 6.7 163 U000-1 Water STEAM L 0 100 - - 1.72 0.00


160D-505 BOILERS BLOWDOWN LP ATMOSPHERIC FLASH DRUM VESSEL INTERMEDIATE STORAGE V 2.8 0.0 130 1.0 100 U000-1 Water STEAM L 0 100 - - 1.04 0.00


160D-506 LP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 6.0 4.4 350 1.7 270 U630-P(34) Light Slops flare gas L 0 80 21 210 33.26 0.00


160D-507 HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 22.0 4.7 350 2.8 270 U630-P(34) Light Slops Flare Gas L 0 80 21 210 33.82 0.00


160D-508 FUEL GAS COALESCER VESSEL INTERMEDIATE STORAGE H 10.0 7.9 90 4.2 42 U000-1 Water FUEL GAS L 0 100 - - 1.45 0.00


190C-101 COKER FRACTIONATOR COLUMN DESTILLATION V 99.6 3.4 460 0.7 428 U190-O(5) Vacuum Residu L 605 292 316 7.45 0.00


190C-102 LCGO STRIPPER COLUMN STRIPPING V 9.1 3.9 380 0.6 343 U190-O(25) LCGO Product L 140 66 257 23.04 0.00


190C-103 HCGO STRIPPER COLUMN STRIPPING V 10.6 3.9 390 0.7 351 U190-O(36) HCGO Product L 260 135 260 7.23 0.00


190C-104 COKER BLOWDOWN TOWER COLUMN DESTILLATION V 44.4 3.9 470 0.5 441 U190-O(36) HCGO Product L 260 135 260 9.35 0.00


190C-201 ABSORBER COLUMN ABSORBTION V 10.6 16.7 90 13.7 53 U190-O(112) Absorber Bottoms L LiqG 3 0 210 73.25 41.16


190C-202 STRIPPER COLUMN STRIPPING V 30.2 17.2 190 14.7 160 U190-O(121) Stripper Bottoms L - 0 210 33.84 5.75


190C-203 DEBUTANIZER COLUMN DESTILLATION V 25.6 14.7 220 12.8 191 U190-O(125) Stabilized Naphtha L 60 0 210 37.31 0.00


190C-204 SPONGE ABSORBER COLUMN ABSORBTION V 9.4 17.2 90 13.2 54 U190-O(120) Rich Sponge Oil L - 0 210 33.46 29.78


190D-001 A/B COKE DRUM 1 / 2 VESSEL INTERMEDIATE STORAGE V 1112.9 5.4 480 2.0 441 U600-P(1) Vacuum Residue L 605 292 316 9.21 0.00


190D-002 A/B COKE DRUM 3 / 4 VESSEL INTERMEDIATE STORAGE V 1112.9 5.4 480 2.0 441 U600-P(1) Vacuum Residue L 605 292 316 9.21 0.00


190D-003 FUEL GAS K.O. DRUM VESSEL INTERMEDIATE STORAGE V 1.0 7.9 90 4.4 42 U630-P(34) Light Slops fuel gas L 0 80 21 210 30.67 0.00


190D-004 MP STEAM SEPARATOR 1 VESSEL INTERMEDIATE STORAGE 1.0 1.0 1.0 U000-1 Water steam L 0 100 - - 1.03 0.00


190D-005 MP STEAM SEPARATOR 2 VESSEL INTERMEDIATE STORAGE 1.0 1.0 1.0 U000-1 Water steam L 0 100 - - 1.03 0.00


190D-006 ANTIFOAM DRUM VESSEL INTERMEDIATE STORAGE 1.0 1.0 1.0 U000-1 Water L 0 100 - - 1.03 0.00


190D-101 COKE CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 7.2 6.7 400 1.8 121-371 U000-4 Light Hydrocarbons L 0 60 0 210 34.55 0.00


190D-102 BLOWDOWN SETTLING DRUM VESSEL INTERMEDIATE STORAGE H 60.2 4.4 343 1.3 66 U630-P(34) Light Slops light ends L 0 80 21 210 30.03 0.00


190D-103 WATER SEAL DRUM VESSEL INTERMEDIATE STORAGE V 4.1 4.4 343 1.1 66 U000-1 Water flare gas L 0 100 - - 1.32 0.00


190D-104 FRACTIONATOR OVERHEAD DRUM VESSEL INTERMEDIATE STORAGE H 33.2 4.9 90 1.1 55 U190-O(21) Overhead Vapors U190-O(19) G - 0 260 39.50 41.79


190D-105 FRACTIONATOR WATER WASH COALESCER VESSEL INTERMEDIATE STORAGE V 2.9 5.4 190 2.0 158 U000-1 Water L 0 100 - - 1.66 0.00


190D-107 FLUSHING OIL COALESCER VESSEL INTERMEDIATE STORAGE EPC 40.0 24.5 200 12.3 60 U630-P(8)2 LCGO Product L 140 66 257 16.89 0.00


190D-108 STEAM BLOWDOWN DRUM VESSEL INTERMEDIATE STORAGE V 0.2 4.4 130 1.0 100 U000-1 Water steam L 0 100 - - 1.02 0.00


190D-201 COMPRESSOR SUCTION K.O. DRUM VESSEL INTERMEDIATE STORAGE V 9.0 4.9 90 1.1 55 U630-P(34) Light Slops U190-O(19) L 0 80 21 210 29.68 0.00


190D-202 COMPRESSOR INTERSTAGE DRUM VESSEL INTERMEDIATE STORAGE H 4.8 7.9 90 3.8 55 U190-O(104) Feed to separator L 112.5 0 280 30.94 0.00


190D-203  ABSORBER STRIPPER FEED DRUM  VESSEL INTERMEDIATE STORAGE H 51.8 17.2 80 14.8 38 U190-O(111) Absorber Feed U190-O(110) G - 0 210 44.70 86.72


190D-204  STRIPPER WATER SEPARATOR  VESSEL INTERMEDIATE STORAGE V 0.2 19.6 100 16.9 69 U000-1 Water L 0 100 - - 1.58 0.00


190D-205  DEBUTANIZER OVERHEAD DRUM  VESSEL INTERMEDIATE STORAGE H 23.9 16.2 80 13.1 38 U190-O(122) Stripper Bottoms L - 0 210 33.58 5.72


190D-206  STRIPPER UPPER REBOILER CONDENSATE POT  VESSEL INTERMEDIATE STORAGE V 0.6 46.8 418 35.1 243 U000-1 Water steam L 0 100 - - 2.05 0.00


190D-207 FLARE K.O. DRUM VESSEL INTERMEDIATE STORAGE H 45.1 4.4 343 1.1 233 U630-P(33) Heavy Slops flare gas L 0 120 135 257 8.48 0.00


190D-208  STRIPPED SOUR WATER DRUM  VESSEL INTERMEDIATE STORAGE H 3.1 5.4 90 3.5 55 U000-1 Water L 0 100 - - 1.36 0.00


190D-209 MP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.2 22.1 240 18.2 208 U000-1 Water steam L 0 100 - - 1.91 0.00


190D-210 LLP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.3 4.4 140 1.5 112 U000-1 Water steam L 0 100 - - 1.61 0.00


190D-401 LIGHT CLOSED DRAIN SUMP DRUM VESSEL INTERMEDIATE STORAGE H 8.5 4.4 220 1.1 192 U630-P(34) Light Slops flare gas L 0 80 21 210 33.34 0.00


190D-402 HEAVY CLOSED DRAIN SUMP DRUM VESSEL INTERMEDIATE STORAGE H 19.3 4.4 400 1.1 200 U630-P(33) Heavy Slops flare gas L 0 120 135 257 7.80 0.00


190D-403 FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 35.0 4.4 340 1.1 200 U630-P(33) Heavy Slops flare gas L 0 120 135 257 7.85 0.00


190D-404 MP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.8 21.8 363 18.2 208 U000-1 Water steam L 0 100 - - 1.92 0.00


190D-405 LP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.8 8.5 208 5.8 158 U000-1 Water steam L 0 100 - - 1.74 0.00


190D-406 LLP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 2.4 4.4 158 1.5 111 U000-1 Water steam L 0 100 - - 1.62 0.00


410C-001 EXTRACTOR PLUS COLUMN DESTILLATION V 43.7 27.5 100 16.9 38 U000-8 Caustic LPG L 0 100 0 0 2.46 0.00


410C-101 OXIDIZER COLUMN OXIDATION V 3.6 11.3 100 3.8 42 U000-8 Caustic L 0 100 0 0 3.37 0.00


410D-001 SPENT CAUSTING DEGASSING DRUM VESSEL INTERMEDIATE STORAGE V 0.5 4.4 100 1.2 38 U000-6 Spent Caustic flare gas L 0 104 0 0 2.05 0.81


410D-101 DISULFIDE SEPARATOR VESSEL INTERMEDIATE STORAGE H 11.7 11.8 100 4.4 49 U006-1 AR / VR / Diesel / kero (U100-P(-)) disulphide oil L 0 219 70 210 24.39 0.00


410D-102 DISULFIDE SAND FILTER VESSEL INTERMEDIATE STORAGE V 0.7 11.8 100 4.4 49 U110-P(-) Disulphide Oil L 0 247 126 265 5.96 0.00


410D-103 VENT TANK VESSEL INTERMEDIATE STORAGE V 0.3 11.8 100 1.5 48 U000-5 Air G 0 - 0 0 2.23 0.00


415C-001 EXTRACTOR PLUS COLUMN ABSORBTION V 19.4 38.3 100 18.1 38 U000-8 Caustic LPG L 0 100 0 0 2.51 0.00


415C-101 OXIDIZER COLUMN OXIDATION V 4.2 11.3 100 3.8 42 U000-8 Caustic L 0 100 0 0 3.38 0.00


415D-001 COS SOLVENT SETTLER VESSEL INTERMEDIATE STORAGE H 11.1 39.3 100 1.2 38 U000-7 Spent COS Solvent falre gas L 0 100 72 0 2.50 0.00


415D-002 SAND FILTER VESSEL INTERMEDIATE STORAGE V 6.9 39.3 100 19.0 38 U116-P(5) LPG L LiqG -20 0 371 76.50 0.00


415D-003 SPENT CAUSTING DEGASSING DRUM VESSEL INTERMEDIATE STORAGE V 0.6 4.4 100 4.4 38 U000-6 Spent Caustic flare gas L 0 104 0 0 2.05 0.81


415D-004 SPENT COS SOLVENT DEGASSING DRUM VESSEL INTERMEDIATE STORAGE V 0.6 4.4 100 1.2 38 U000-7 Spent COS Solvent flare gas L 0 100 72 0 2.05 0.00


415D-101 OXIDIZER VESSEL INTERMEDIATE STORAGE H 10.6 11.8 100 4.8 47 U000-8 Caustic L 0 100 0 0 2.27 0.00


415D-102 DISULFIDE SAND FILTER VESSEL INTERMEDIATE STORAGE V 0.7 11.8 100 4.4 47 U110-P(-) Disulphide Oil L 0 247 126 265 5.96 0.00


415D-103 VENT TANK VESSEL INTERMEDIATE STORAGE V 0.3 11.8 100 1.5 46 U000-5 Air G 0 - 0 0 2.23 0.00


420C-001 AMINE REGENERATOR COLUMN STRIPPING V 42.6 3.6 160 1.7 132 U110-P(211) Lean amine L 0 102 116 265 7.72 0.35


420D-001 AMINE FLASH DRUM VESSEL INTERMEDIATE STORAGE H 385.8 4.4 100 2.0 67 U420-P(1) Vacuum Residu U420-P(2) L 605 292 316 5.80 0.00


420D-002 REGENERATOR REFLUX DRUM VESSEL INTERMEDIATE STORAGE V 1.4 4.4 90 2.2 55 U420-P(10) Vacuum Residu U420-P(19) L 605 292 316 5.25 0.00


420D-003A&B REGENERATOR REBOILER CONDENS.POT VESSEL INTERMEDIATE STORAGE V 0.9 21.8 350 8.4 173 U000-1
Water steam L 0


100 - - 1.91 0.00


420D-004 AMINE DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 11.8 4.6 160 2.7 132 U000-2 Amine Mixture L 0 247 127 400 7.39 0.00


420D-100 LP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 10.6 8.8 200 6.7 163 U000-1 Water steam L 0 100 - - 1.77 0.00


420D-101 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 10.7 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.64 0.00


421C-001 AMINE REGENERATOR COLUMN STRIPPING V 42.6 3.6 160 1.7 132 U110-P(211) Lean amine L 0 102 116 265 7.72 0.35


421D-003A&B REGENERATOR REBOILER CONDENS.POT VESSEL INTERMEDIATE STORAGE V 0.9 21.8 350 8.4 173 U000-1
Water steam L 0


100 - - 1.91 0.00


430C-001 FIRST CLAUS REACTOR REACTOR OXIDATION V 195.0 5.0 380 1.4 300 U430-P(35) First Claus reactor inlet (Train 1) steam G 0 0 0 260 69.02 28.15


430C-002 SECOND CLAUS REACTOR REACTOR OXIDATION V 195.0 5.0 380 1.3 230 U430-P(9) Hydrogenation Outlet steam G 0 0 0 500 64.30 7.04


430C-003 DEGASSING COLUMN COLUMN STRIPPING V 0.7 3.4 180 0.0 135 U430-P(64) Sulphur L 0 115 0 0 36.39 0.13


430C-004 AMINE ACID GAS SCRUBBER COLUMN SCRUBBING V 3.5 4.9 170 0.7 56 U000-1 Water L 0 100 - - 1.04 0.00


430C-053 DEGASSING COLUMN COLUMN STRIPPING V 0.7 3.4 180 0.0 135 U430-P(64) Sulphur L 0 115 0 0 36.39 0.13


430C-101 HYDROGENATION REACTOR REACTOR HYDROGENATION V 127.6 4.9 350 0.7 56 U430-P(7) Hydrogenation Outlet G 0 0 0 500 46.97 6.23


430C-102 QUENCH COLUMN COLUMN STRIPPING V 25.1 4.9 210 0.1 180 U000-1 Water L 0 100 - - 1.87 0.00


430C-103 ABSORBER COLUMN ABSORBTION V 18.2 4.9 80 0.1 60 U100-RA(402) Rich amine L 0 57 0 265 34.66 6.96


430C-104 REGENERATOR COLUMN STRIPPING V 12.6 4.9 170 1.1 125 U110-P(211) Lean amine L 0 102 116 265 7.84 0.36


430D-001 HP STEAM DRUM VESSEL INTERMEDIATE STORAGE H 20.3 52.0 290 46.1 259 U000-1 Water steam L 0 100 - - 2.12 0.00


430D-002 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.6 52.0 290 45.1 257 U000-1 Water steam L 0 100 - - 2.07 0.00


430D-003 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.6 52.0 290 45.1 257 U000-1 Water steam L 0 100 - - 2.07 0.00


430D-004 SWS ACID GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 5.0 5.9 170 1.7 82 U430-P(32) Sour water stripper gas (Train 1) U430-P(32) G 0 0 260 41.59 164.39


430D-051 HP STEAM DRUM VESSEL INTERMEDIATE STORAGE H 20.3 52.0 290 46.1 259 U000-1 Water steam L 0 100 - - 2.12 0.00


430D-052 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.6 52.0 290 45.1 257 U000-1 Water steam L 0 100 - - 2.07 0.00


430D-053 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.6 52.0 290 45.1 257 U000-1 Water steam L 0 100 - - 2.07 0.00


430D-101 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.8 46.8 418 37.3 246 U000-1 Water steam L 0 100 - - 2.05 0.00


430D-102 CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE H 1.5 8.5 235 3.5 137 U000-1 Water steam L 0 100 - - 1.73 0.00


430D-103 REFLUX DRUM VESSEL INTERMEDIATE STORAGE V 1.8 6.9 170 1.8 55 U430-P(22) Regenerator reflux U430-P(2) L 0 100 - - 1.40 0.58


430D-104 AMINE DRAINS DRUM VESSEL INTERMEDIATE STORAGE H 10.5 4.4 160 1.1 20 U000-2 Amine Mixture flare gas L 0 247 127 400 5.35 0.00


430D-201 STEAM DRUM VESSEL INTERMEDIATE STORAGE H 4.2 52.0 290 46.1 259 U000-1 Water steam L 0 100 - - 2.09 0.00


430D-301 LLP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 3.6 4.4 235 1.5 111.4 U000-1 Water steam L 0 100 - - 1.62 0.00


430D-302 MP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.9 21.8 390 17.5 205.7 U000-1 Water steam L 0 100 - - 1.91 0.00


430D-303 BOILERS BLOWDOWN LP FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.5 8.5 235 3.9 143.2 U000-1 Water steam L 0 100 - - 1.73 0.00


430D-304 BOILERS BLOWDOWN ATMOSPHERIC FLASH DRUM VESSEL INTERMEDIATE STORAGE V 1.1 0.0 150 1.0 42 U000-1 Water steam L 0 100 - - 1.03 0.00


430D-305 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.5 7.9 90 3.9 42 U630-P(34) Light Slops fuel gas L 0 80 21 210 30.58 0.00


440C-001 SOUR WATER STRIPPER COLUMN STRIPPING V 6.6 4.2 170 2.3 137 U440-P(28) Sour Gas G - 0 260 38.23 156.29


440D-001 SOUR WATER FEED FLASH DRUM VESSEL INTERMEDIATE STORAGE H 295.0 4.8 80 2.9 52 U440-P(22) Feed Sour Water flare gas L 100 - 260 5.81 2.17


440D-002 SOUR WATER STRIPPER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 2.9 4.5 120 2.6 83 U440-P(29) Stripper Reflux U440-P(28) L 100 0 260 29.18 22.83


440D-003 STRIPPER REBOILER CONDENSAT.POT VESSEL INTERMEDIATE STORAGE V 0.6 21.8 350 15.5 200 U000-1 Water steam L 0 100 - - 1.91 0.00


441C-001 SOUR WATER STRIPPER COLUMN STRIPPING V 6.6 4.2 170 2.3 137 U440-P(28) Sour Gas G - 0 260 38.23 156.29


441D-003 STRIPPER REBOILER CONDENSAT.POT VESSEL INTERMEDIATE STORAGE V 0.6 21.8 350 15.5 200 U000-1 Water steam L 0 100 - - 1.91 0.00


442C-001 PHENOLIC SOUR WATER STRIPPER COLUMN STRIPPING V 6.6 4.2 170 2.3 137 U440-P(11) Phenolic Stripper Reflux L 100 0 260 30.73 23.14


442D-001 PHENOLIC SOUR WATER FEED FLASH DRUM VESSEL INTERMEDIATE STORAGE H 161.7 4.8 90 2.9 60 U440-P(2) Phenolic Sour Water flare gas L 100 - 260 5.71 0.90
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APPENDIX C MAJOR HAZARD QRA 000-A-PE-0070025
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STAR REFINERY


LIQ PRESSURE TEMP PRESSURE TEMP. BP FP AIT FLAM TOX


[M³] [BARA] [°C] [BARA] [°C] [°C] [°C] [°C]


RESULTPROCESS PROPERTIES


PHASE LIQUEFIED
FLUID DESCRIPTION GAS


DESIGNEQUIPMENT


TAG DESCRIPTION TYPE PROCESS ORIENTATION


442D-002 PHENOLIC S.W. STRIPPER REFLUX DRUM VESSEL INTERMEDIATE STORAGE H 2.0 4.4 120 2.6 83 U440-P(11) Phenolic Stripper Reflux U430-P(10) L 100 0 260 29.04 22.52


442D-003 PHENOLIC STRIPP. REB. CONDENSAT.POT VESSEL INTERMEDIATE STORAGE V 0.6 21.8 350 15.5 200 U000-1 Water steam L 0 100 - - 1.91 0.00


442D-004 SOUR WATER DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 7.3 4.4 170 1.0 137 U440-P(22) Feed Sour Water flare gas L 100 - 260 5.40 2.11


450C-001 HYDROGENATION REACTOR REACTOR HYDROGENATION V 49.0 42.7 410 38.4 380 U450-P(5) Hydrogen/Naphtha G 0 0 0 280 69.59 0.00


450C-002 A/B DESULPHURIZATION REACTORS REACTOR OXIDATION V 59.5 42.7 410 38.4 380 U450-P(5) Hydrogen/Naphtha G 0 0 0 280 80.47 0.00


450C-201 MEDIUM TEMPERATURE SHIFT REACTOR REACTOR OXIDATION V 110.3 32.9 365 28.6 317 U450-P(15) Syngas G 0 0 0 0 79.54 0.00


450D-001 NAPHTHA FEED SURGE DRUM VESSEL INTERMEDIATE STORAGE H 18.0 30.0 80 3.0 38 U450-P(1) Stripper Reflux L 100 0 260 35.34 25.13


450D-002 START UP HYDROGEN KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 30.4 80 24.5 45 U630-P(34) Light Slops hydrogen L 0 80 21 210 34.57 0.00


450D-003 NITROGEN CIRCULATION COMPRESSOR KO DRUM VESSEL INTERMEDIATE STORAGE V 1.1 16.7 260 8.8 40 Nitrogen nitrogen #N/A #N/A


450D-004 NAPHTHA SLOPS TANK VESSEL INTERMEDIATE STORAGE H 7.7 35.3 200 1.5 20 U630-P(34) Light Slops L 0 80 21 210 27.59 0.00


450D-101 STEAM DRUM (CLEAN STEAM) VESSEL INTERMEDIATE STORAGE H 1.0 52.5 EPC 1.0 U000-1 Water steam L 0 100 - - 1.03 0.00


450D-102 STEAM DRUM VESSEL INTERMEDIATE STORAGE H 1.0 48.6 265 1.0 U000-1 Water steam L 0 100 - - 1.03 0.00


450D-103 BLOW DOWN DRUM VESSEL INTERMEDIATE STORAGE V 0.4 5.4 150 1.4 109.5 U000-1 Water steam L 0 100 - - 1.64 0.00


450D-104 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.9 7.9 90 3.9 42 U630-P(34) Light Slops fuel gas L 0 80 21 210 30.65 0.00


450D-201 DEAREATOR VESSEL INTERMEDIATE STORAGE H 77.6 4.4 210 1.0 U000-1 Water steam L 0 100 - - 1.10 0.00


450D-202 DEGASIFIER VESSEL INTERMEDIATE STORAGE H 16.3 4.4 150 1.0 U000-1 Water L 0 100 - - 1.06 0.00


450D-203 HOT CONDENSATE SEPARATOR VESSEL INTERMEDIATE STORAGE V 8.9 33.9 245 29.1 151 U000-1 Water U450-P(17)G L 0 100 - - 2.02 0.00


450D-204 COLD CONDENSATE SEPARATOR VESSEL INTERMEDIATE STORAGE V 6.4 33.9 140 28.1 40 U000-1 Water U450-P(19) L 0 100 - - 1.71 0.00


450D-401 HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 13.2 4.9 420 3.0 381 U630-P(34) Light Slops flare gas L 0 80 21 210 33.78 0.00


514D-001 FUEL GAS MIXING DRUM VESSEL INTERMEDIATE STORAGE V 57.8 8.4 80 6.4 51 U630-P(34) Light Slops fuel gas L 0 80 21 210 31.93 0.00


514D-002 CONDENSATE POT VESSEL INTERMEDIATE STORAGE V 0.2 8.5 235 5.4 180 U000-1 Water steam L 0 100 - - 1.72 0.00


520D-001 AIR RECEIVER VESSEL INTERMEDIATE STORAGE V 0.6 11.8 80 9.3 42 U000-1 Water air L 0 100 - - 1.49 0.00


520D-002 LP INSTRUMENT AIR RECEIVER VESSEL INTERMEDIATE STORAGE V 30.2 11.8 80 8.8 42 U000-1 Water air L 0 100 - - 1.54 0.00


520D-003 HP INSTRUMENT AIR RECEIVER VESSEL INTERMEDIATE STORAGE V 6.1 50.1 80 45.1 42 U000-1 Water air L 0 100 - - 1.79 0.00


535D-001 PRESSURE BREAK DRUM VESSEL INTERMEDIATE STORAGE V 10.4 4.4 115 1.2 42 U000-1 Water N2 L 0 100 - - 1.34 0.00


600D-101 HEAVY CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 4.0 4.4 230 1.1 200 U630-P(33) Heavy Slops flare gas L 0 120 135 257 7.69 0.00


600D-201 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 2.2 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.62 0.00


600D-202 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.8 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.61 0.00


600D-203 LLP CONDENSATE FLASH DRUM VESSEL INTERMEDIATE STORAGE V 0.8 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.61 0.00


620TK-001A CRUDE STORAGE TANK TANK STORAGE V 92371 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 37.25 0.00


620TK-001B CRUDE STORAGE TANK TANK STORAGE V 92371 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 37.25 0.00


620TK-001C CRUDE STORAGE TANK TANK STORAGE V 92371 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 37.25 0.00


620TK-001D CRUDE STORAGE TANK TANK STORAGE V 92371 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 37.25 0.00


620TK-001E CRUDE STORAGE TANK TANK STORAGE V 73226 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 36.82 0.00


620TK-001F CRUDE STORAGE TANK TANK STORAGE V 73226 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 36.82 0.00


620TK-001G CRUDE STORAGE TANK TANK STORAGE V 73226 1.05 80 1 20 U620-P(1) Crude Oil L 47 0 210 36.82 0.00


630TK-001A SR Light Naphtha Intermediate Tanks TANK STORAGE V 10589 1.05 80 1 20 U630-P(1) Straight Run . Light Naphtha L 52 0 243 32.25 0.00


630TK-001B SR Light Naphtha Intermediate Tanks TANK STORAGE V 10589 1.05 80 1 20 U630-P(1) Straight Run . Light Naphtha L 52 0 243 32.25 0.00


630TK-002A HC Light Naphtha Intermediate Tanks TANK STORAGE V 2208 1.05 80 1 20 U630-P(18) Hydrocracker Light  Naphtha L 38 0 258 27.14 0.00


630TK-002B HC Light Naphtha Intermediate Tanks TANK STORAGE V 2208 1.05 80 1 20 U630-P(18) Hydrocracker Light  Naphtha L 38 0 258 27.14 0.00


630TK-003A Splitter Light Naphtha Intermediate Tanks TANK STORAGE V 1472 1.05 80 1 20 U630-P(14) Splitter Light Naphtha L 40 0 206 25.59 0.00


630TK-003B Splitter Light Naphtha Intermediate Tanks TANK STORAGE V 1472 1.05 80 1 20 U630-P(14) Splitter Light Naphtha L 40 0 206 25.59 0.00


630TK-004 NHT Feed Intermediate Tank TANK STORAGE V 12,258 1.05 80 1 20 U100-P(27) Straight Run  Unstabilized Naphtha L 28 0 210 42.86 0.22


630TK-006A Reformate Naphtha Intermediate Tanks TANK STORAGE V 785 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 22.98 0.00


630TK-006B Reformate Naphtha Intermediate Tanks TANK STORAGE V 785 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 22.98 0.00


630TK-008A
NHT Splitter Heavy Naphtha (CCR Feed) Intermediate 
Tanks


TANK STORAGE V 10329 1.05 80 1 20 U150-P(312A)
Splitter bottom (heavy naphtha to storage) L


59 0 210 32.18 0.00


630TK-008B
NHT Splitter Heavy Naphtha (CCR Feed) Intermediate 
Tanks


TANK STORAGE V 10329 1.05 80 1 20 U150-P(312A)
Splitter bottom (heavy naphtha to storage) L


59 0 210 32.18 0.00


630TK-009A KHT Feed Intermediate Tanks TANK STORAGE V 8610 1.05 80 1 20 U630-P(5) Straight Run . Kerosene L 182 56 210 14.78 0.00


630TK-009B KHT Feed Intermediate Tanks TANK STORAGE V 8610 1.05 80 1 20 U630-P(5) Straight Run . Kerosene L 182 56 210 14.78 0.00


630TK-010A DHT Feed Intermediate Tanks TANK STORAGE V 30010 1.05 80 1 20 U150-P(282) Diesel from fractioning section L 274 58 210 16.83 0.00


630TK-010B DHT Feed Intermediate Tanks TANK STORAGE V 30010 1.05 80 1 20 U150-P(282) Diesel from fractioning section L 274 58 210 16.83 0.00


630TK-010C DHT Feed Intermediate Tanks TANK STORAGE V 30010 1.05 80 1 20 U150-P(282) Diesel from fractioning section L 274 58 210 16.83 0.00


630TK-011A Toluene Intermediate Tanks TANK STORAGE V 30010 1.05 80 1 20 U630-P(23) Toluene L 108 0 328 34.93 0.00


630TK-011B Toluene Intermediate Tanks TANK STORAGE V 30010 1.05 80 1 20 U630-P(23) Toluene L 108 0 328 34.93 0.00


630TK-012A Mixed Xylene Intermediate Tanks TANK STORAGE V 2900 1.05 80 1 20 U630-P(25) Xylene Column Bottom L 168.5 30 440 20.13 0.00


630TK-012B Mixed Xylene Intermediate Tanks TANK STORAGE V 2900 1.05 80 1 20 U630-P(25) Xylene Column Bottom L 168.5 30 440 20.13 0.00


630TK-013A HCU Feed Intermediate Tanks TANK STORAGE V 33705 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 35.20 0.00


630TK-013B HCU Feed Intermediate Tanks TANK STORAGE V 33705 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 35.20 0.00


630TK-013C HCU Feed Intermediate Tanks TANK STORAGE V 33707 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 35.20 0.00


630TK-014A Vacuum Residue Intermediate Tanks TANK STORAGE V 14450 1.05 80 1 20 U600-P(1) Vacuum Residue L 605 292 316 6.28 0.00


630TK-014B Vacuum Residue Intermediate Tanks TANK STORAGE V 14450 1.05 80 1 20 U600-P(1) Vacuum Residue L 605 292 316 6.28 0.00


630TK-015A Light Slop Tank TANK STORAGE V 30,225 1.05 80 1 20 U630-P(34) Light Slops L 0 80 21 210 26.95 0.00


630TK-015B Heavy Slop Tank TANK STORAGE V 30,225 1.05 80 1 20 U630-P(33) Heavy Slops L 0 120 135 257 6.74 0.00


630TK-016 Unsaturated LPG (Off Spec) Intermediate Tank SPHERE STORAGE V 905 15 80 5 0 U630-P(30) Unsaturated LPG ( Off Spec.) L LiqG -42 0 371 302.13 0.00


630TK-017 Saturated LPG (Off Spec) Intermediate Tank SPHERE STORAGE V 2572 15 80 5 0 U630-P(27) Saturated LPG (Off Spec.) (U110/23 & U410/102A) L LiqG -42 0 344 308.17 0.00


640TK-001A Unsaturated LPG Storage Tanks SPHERE STORAGE V 951 15 80 5 0 U630-P(31) Unsaturated LPG L LiqG -42 0 371 302.43 0.00


640TK-001B Unsaturated LPG Storage Tanks SPHERE STORAGE V 951 15 80 5 0 U630-P(31) Unsaturated LPG L LiqG -42 0 371 302.43 0.00


640TK-002A Saturated LPG Storage Tanks SPHERE STORAGE V 4252 15 80 5 0 U110-P(23) LPG L LiqG 38 0 430 308.80 0.00


640TK-002B Saturated LPG Storage Tanks SPHERE STORAGE V 4252 15 80 5 0 U110-P(23) LPG L LiqG 38 0 430 308.80 0.00


640TK-002C Saturated LPG Storage Tanks SPHERE STORAGE V 4252 15 80 5 0 U110-P(23) LPG L LiqG 38 0 430 308.80 0.00


640TK-002D Saturated LPG Storage Tanks SPHERE STORAGE V 4252 15 80 5 0 U110-P(23) LPG L LiqG 38 0 430 308.80 0.00


640TK-003A Light Naphtha Storage Tank TANK STORAGE V 58,000 1.05 80 1 20 U630-P(15) Splitter Light Naphtha L 40 0 206 36.36 0.00


640TK-003B Light Naphtha Storage Tank TANK STORAGE V 58,000 1.05 80 1 20 U630-P(15) Splitter Light Naphtha L 40 0 206 36.36 0.00


640TK-003C Light Naphtha Storage Tank TANK STORAGE V 58,000 1.05 80 1 20 U630-P(15) Splitter Light Naphtha L 40 0 206 36.36 0.00


640TK-005A Diesel EN 590 Storage Tanks TANK STORAGE V 49000 1.05 80 1 20 U630-P(7)1 Diesel L 255 99 210 7.00 0.00


640TK-005B Diesel EN 590 Storage Tanks TANK STORAGE V 49000 1.05 80 1 20 U630-P(7)1 Diesel L 255 99 210 7.00 0.00


640TK-006A Jet-A1 Storage Tanks TANK STORAGE V 23000 1.05 80 1 20 U630-P(6) Kerosene L 182 56 210 16.44 0.00


640TK-006B Jet-A1 Storage Tanks TANK STORAGE V 23000 1.05 80 1 20 U630-P(6) Kerosene L 182 56 210 16.44 0.00


640TK-007A Diesel EN 590 Storage Tanks TANK STORAGE V 41662 1.05 80 1 20 U630-P(7)1 Diesel L 255 99 210 6.92 0.00


640TK-007B Diesel EN 590 Storage Tanks TANK STORAGE V 41662 1.05 80 1 20 U630-P(7)1 Diesel L 255 99 210 6.92 0.00


640TK-008A Mixed Xylene Storage Tanks TANK STORAGE V 20182 1.05 80 1 20 U630-P(25) Xylene Column Bottom L 168.5 30 440 25.97 0.00


640TK-008B Mixed Xylene Storage Tanks TANK STORAGE V 20182 1.05 80 1 20 U630-P(25) Xylene Column Bottom L 168.5 30 440 25.97 0.00


640TK-009A HRON Tanks TANK STORAGE V 20675 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 34.03 0.00


640TK-009B HRON Tanks TANK STORAGE V 20675 1.05 80 1 20 U160-P(124) Light refomate to storage L 0 59.61 0 280 34.03 0.00


640TK-010A Unconverted Oil Storage Tanks TANK STORAGE V 402 1.05 80 1 20 U600-P(2) Unconverted Oil L 364 65.6 407 7.45 0.00


640TK-010B Unconverted Oil Storage Tanks TANK STORAGE V 402 1.05 80 1 20 U600-P(2) Unconverted Oil L 364 65.6 407 7.45 0.00


640TK-011A Liquid Sulfur Storage Tanks PIT STORAGE V 817.5 1.05 80 1 20 U430-P(64) Sulphur L 0 115 0 0 27.16 0.11


640TK-011B Liquid Sulfur Storage Tanks PIT STORAGE V 817.5 1.05 80 1 20 U430-P(64) Sulphur L 0 115 0 0 27.16 0.11


655D-001 SULPHUDIC SPENT CAUSTIC SURGE DRUM VESSEL INTERMEDIATE STORAGE V 4.5 4.4 80 1.7 38 U000-6 Spent Caustic n2 L 0 104 0 0 2.07 0.81


660D-001 IRBL LP1 FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 37.2 4.4 350 1.9 295 U630-P(34) Light Slops flare gas L 0 80 21 210 33.83 0.00


660D-002 IRBL LP2 FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 37.2 4.4 350 1.9 242 U630-P(34) Light Slops flare gas L 0 80 21 210 33.83 0.00


660D-003 IRBL HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 13.2 4.9 350 3.0 381 U630-P(34) Light Slops flare gas L 0 80 21 210 33.78 0.00


660D-011 A/B ORBL LP1 FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 17.6 4.4 350 1.6 295 U630-P(34) Light Slops flare gas L 0 80 21 210 33.56 0.00


660D-012 A/B ORBL LP2 FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 17.6 4.4 350 1.6 242 U630-P(34) Light Slops flare gas L 0 80 21 210 33.56 0.00


660D-013 A/B ORBL HP FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 12.8 4.4 350 2.0 381 U630-P(34) Light Slops flare gas L 0 80 21 210 33.46 0.00


660D-021 LP1 FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 67.0 4.4 350 1.4 295 U000-1 Water flare gas L 0 100 - - 1.68 0.00


660D-022 LP2 FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 67.0 4.4 350 1.4 242 U000-1 Water flare gas L 0 100 - - 1.68 0.00


660D-023 HP FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 35.3 4.4 350 1.7 381 U000-1 Water flare gas L 0 100 - - 1.66 0.00


660D-031 SEAL WATER SURGE DRUM VESSEL INTERMEDIATE STORAGE H 117.5 4.4 350 1.4 55 U000-1 Water flare gas L 0 100 - - 1.40 0.00


660D-032 CLOSED DRAIN DRUM VESSEL INTERMEDIATE STORAGE H 20.5 4.4 270 1.9 240 U630-P(34) Light Slops flare gas L 0 80 21 210 33.60 0.00


660D-033 STEAM CONDENSATE DRUM IRBL VESSEL INTERMEDIATE STORAGE V 0.4 4.4 190 1.5 111 U000-1 Water steam L 0 100 - - 1.60 0.00


660D-034 STEAM CONDENSATE DRUM ORBL VESSEL INTERMEDIATE STORAGE V 0.3 0.0 190 1.0 100 U000-1 Water steam L 0 100 - - 1.02 0.00


660D-035 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 7.9 90 4.4 55 U630-P(34) Light Slops fuel gas L 0 80 21 210 30.49 0.00


660D-036 STEAM KO DRUM VESSEL INTERMEDIATE STORAGE V 1.4 21.8 350 19.6 305 U000-1 Water steam L 0 100 - - 1.91 0.00


661D-001 ACID FLARE IRBL KO DRUM VESSEL INTERMEDIATE STORAGE H 3.5 4.4 250 1.8 157 U630-P(34) Light Slops flare gas L 0 80 21 210 30.75 0.00


661D-002 ACID FLARE IRBL KO DRUM VESSEL INTERMEDIATE STORAGE H 3.5 4.4 250 1.8 157 U630-P(34) Light Slops flare gas L 0 80 21 210 30.75 0.00


661D-011 ACID FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 36.2 4.4 250 1.5 157 U000-1 Water flare gas L 0 100 - - 1.66 0.00


661D-012 ACID FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 36.2 4.4 250 1.5 157 U000-1 Water flare gas L 0 100 - - 1.66 0.00


662D-011 A-D HCU FLARE KO DRUM VESSEL INTERMEDIATE STORAGE H 15.8 4.4 350 2.1 307 U630-P(34) Light Slops flare gas L 0 80 21 210 33.52 0.00


662D-021 HCU FLARE SEAL DRUM VESSEL INTERMEDIATE STORAGE H 67.0 4.4 350 1.6 307 U630-P(34) Light Slops flare gas L 0 80 21 210 34.09 0.00


662D-031 HCU SEAL WATER SURGE DRUM VESSEL INTERMEDIATE STORAGE H 35.4 4.4 350 1.6 307 U000-1 Water flare gas L 0 100 - - 1.66 0.00


662D-032 HCU STEAM CONDENSATE DRUM VESSEL INTERMEDIATE STORAGE V 0.3 0.0 190 1.0 100 U000-1 Water steam L 0 100 - - 1.02 0.00


662D-033 FUEL GAS KO DRUM VESSEL INTERMEDIATE STORAGE V 0.2 7.9 90 4.4 55 U630-P(34) Light Slops fuel gas L 0 80 21 210 30.49 0.00


662D-034 STEAM KO DRUM VESSEL INTERMEDIATE STORAGE V 0.6 21.8 350 19.6 305 U000-1 Water steam L 0 100 - - 1.91 0.00
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APPENDIX D.3 MAJOR HAZARD QRA 000-A-PE-0070025
REVISION 2, 13 MAR 2013


STAR REFINERY


SIZE PRESSURE TEMP PRESSURE TEMP. BP FP AIT NF H2S MF FLAM TOX


[TON] [BARA] [°C] [BARA] [°C] [°C] [°C] [°C]


CRUDE CARRIER SHIP TRANSFER V 150,000 1.0 80 1.0 20 U620-P(1) Crude Oil L 47 0 210 3 0.0 16 69.11 0.00


LPG TANKER SHIP TRANSFER V 5,000 20.0 80 5.0 20 U116-P(5) LPG L LiqG -20 0 371 4 0.0 21 136.90 0.00


DIESEL TANKER SHIP TRANSFER V 35,000 1.0 80 1.0 20 U630-P(9)1 Diesel L 255 99 210 1 0.0 4 11.34 0.00


JET FUEL TANKER SHIP TRANSFER V 15,000 1.0 80 1.0 20 U630-P(6) Kerosene L 182 56 210 2 0.0 10 25.77 0.00


REFORMATE TANKER SHIP TRANSFER V 15,000 1.0 80 1.0 20 U630-P(22) Ref. Splitter Overhead L 59.61 0 280 3 0.0 16 54.83 0.00


CHEMICAL TANKER SHIP TRANSFER V 15,000 1.0 80 1.0 20 U630-P(25) Xylene Column Bottom L 168.5 30 440 3 0.0 16 41.23 0.00


BULK CARRIER SHIP TRANSFER V 5,000 1.0 80 1.0 20 U430-P(64) Sulphur L 0 115 0 0 3 0.0 16 57.63 0.14


DESIGN


DESCRIPTION TYPE PROCESS ORIENTATION


PROCESS PROPERTIES


PHASE LIQUEFIED
FLUID DESCRIPTION


CALCULATION RESULT
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APPENDIX G.2:  Risk Contour RMT 


 











SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U640 PRODUCT STORAGE


640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


1 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1799.0952 m


North(1) -564.7977 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1799.0952 m


North(1) -564.7977 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.32457E+002


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.559069 0.5562020.561862fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 38.7506 40.9634.2225s


Pool Vaporization Rate 7.99963 9.200435.89131kg/s


Total Vapor Flowrate 375.056 378.643370.622kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 31.8094 34.7325.84s


Pool Vaporization Rate 9.54541 10.64957.633kg/s


Total Vapor Flowrate 376.601 380.092372.364kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3529.44 3524.313539.94s


Pool Vaporization Rate 6.23064 7.129914.88041kg/s


Total Vapor Flowrate 373.287 376.572369.611kg/s


Maximum Pool Radius 13.8198 13.819813.8198m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.5610160.558263fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 53.655637.5156s


Pool Vaporization Rate 5.576187.45379kg/s


Total Vapor Flowrate 371.011375.181kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3546.3430.5469s


Pool Vaporization Rate 4.299119.08331kg/s


Total Vapor Flowrate 369.734376.811kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3531.94s


Pool Vaporization Rate 5.96476kg/s


Total Vapor Flowrate 4.29911373.692kg/s


Maximum Pool Radius 13.819813.8198m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 59.4172 61.601657.3793s


LFL       (18181.8) 18.75 416.43 408.025338.932s


LFL Frac  (9090.91) 18.75 737.453 606.544638.706s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.830068 0.838980.821498s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 58.796559.9452s


LFL       (18181.8) 18.75 341.01417.584s


LFL Frac  (9090.91) 18.75 628.216752.242s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.7815070.814037s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 295.642 276.453369.613kW/m2


Radiation Level 4 490.152 471.104568.07kW/m2


Radiation Level 12.5 365.285 346.147440.913kW/m2


Radiation Level 37.5 291.97 272.779365.83kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 369.613295.642kW/m2


Radiation Level 4 568.07490.152kW/m2


Radiation Level 12.5 440.913365.285kW/m2


Radiation Level 37.5 365.83291.97kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 69.6377 109.18710.2084kW/m2


Radiation Level 4 278.021 287.276306.497kW/m2


Radiation Level 12.5 163.873 172.396137.468kW/m2


Radiation Level 37.5 61.9886 104.8988.81948kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 10.208469.6377kW/m2


Radiation Level 4 306.497278.021kW/m2


Radiation Level 12.5 137.468163.873kW/m2


Radiation Level 37.5 8.8194861.9886kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 737.453 606.544638.706ppm


Furthest Extent 18181.8 416.43 408.025338.932ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 628.216752.242ppm


Furthest Extent 18181.8 341.01417.584ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1799.0952 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 121.719 184.40878.8873s


LFL       (18181.8) 18.75 644.452 947.294282.943s


LFL Frac  (9090.91) 18.75 1269.65 1584.47924.583s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 90.4929142.409s


LFL       (18181.8) 18.75 381.137761.701s


LFL Frac  (9090.91) 18.75 1044.911438.56s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 391.586 391.586391.586kW/m2


Radiation Level 4 1543.83 1543.831543.83kW/m2


Radiation Level 12.5 846.134 846.134846.134kW/m2


Radiation Level 37.5 362.303 362.303362.303kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 391.586391.586kW/m2


Radiation Level 4 1543.831543.83kW/m2


Radiation Level 12.5 846.134846.134kW/m2


Radiation Level 37.5 362.303362.303kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1269.65 1584.47924.583ppm


Furthest Extent 18181.8 644.452 947.294282.943ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1044.911438.56ppm


Furthest Extent 18181.8 381.137761.701ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001A UNSATURATED LPG STORAGE SPHERE\640TK-001A UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1820.2285 m


North(1) -565.45811 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


35 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1820.2285 m


North(1) -565.45811 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


8.32457E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.32457E+002


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.559069 0.5562020.561862fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 38.7506 40.9634.2225s


Pool Vaporization Rate 7.99963 9.200435.89131kg/s


Total Vapor Flowrate 375.056 378.643370.622kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 31.8094 34.7325.84s


Pool Vaporization Rate 9.54541 10.64957.633kg/s


Total Vapor Flowrate 376.601 380.092372.364kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3529.44 3524.313539.94s


Pool Vaporization Rate 6.23064 7.129914.88041kg/s


Total Vapor Flowrate 373.287 376.572369.611kg/s


Maximum Pool Radius 13.8198 13.819813.8198m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.5610160.558263fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 53.655637.5156s


Pool Vaporization Rate 5.576187.45379kg/s


Total Vapor Flowrate 371.011375.181kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3546.3430.5469s


Pool Vaporization Rate 4.299119.08331kg/s


Total Vapor Flowrate 369.734376.811kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3531.94s


Pool Vaporization Rate 5.96476kg/s


Total Vapor Flowrate 4.29911373.692kg/s


Maximum Pool Radius 13.819813.8198m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 59.4172 61.601657.3793s


LFL       (18181.8) 18.75 416.43 408.025338.932s


LFL Frac  (9090.91) 18.75 737.453 606.544638.706s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.830068 0.838980.821498s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 58.796559.9452s


LFL       (18181.8) 18.75 341.01417.584s


LFL Frac  (9090.91) 18.75 628.216752.242s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.7815070.814037s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 295.642 276.453369.613kW/m2


Radiation Level 4 490.152 471.104568.07kW/m2


Radiation Level 12.5 365.285 346.147440.913kW/m2


Radiation Level 37.5 291.97 272.779365.83kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 369.613295.642kW/m2


Radiation Level 4 568.07490.152kW/m2


Radiation Level 12.5 440.913365.285kW/m2


Radiation Level 37.5 365.83291.97kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


50 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 69.6377 109.18710.2084kW/m2


Radiation Level 4 278.021 287.276306.497kW/m2


Radiation Level 12.5 163.873 172.396137.468kW/m2


Radiation Level 37.5 61.9886 104.8988.81948kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 10.208469.6377kW/m2


Radiation Level 4 306.497278.021kW/m2


Radiation Level 12.5 137.468163.873kW/m2


Radiation Level 37.5 8.8194861.9886kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 737.453 606.544638.706ppm


Furthest Extent 18181.8 416.43 408.025338.932ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 628.216752.242ppm


Furthest Extent 18181.8 341.01417.584ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 951 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 499474.33 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1820.2285 m


North(1) -565.45811 m


55 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 499,474.31 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 121.719 184.40878.8873s


LFL       (18181.8) 18.75 644.452 947.294282.943s


LFL Frac  (9090.91) 18.75 1269.65 1584.47924.583s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 90.4929142.409s


LFL       (18181.8) 18.75 381.137761.701s


LFL Frac  (9090.91) 18.75 1044.911438.56s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 391.586 391.586391.586kW/m2


Radiation Level 4 1543.83 1543.831543.83kW/m2


Radiation Level 12.5 846.134 846.134846.134kW/m2


Radiation Level 37.5 362.303 362.303362.303kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 391.586391.586kW/m2


Radiation Level 4 1543.831543.83kW/m2


Radiation Level 12.5 846.134846.134kW/m2


Radiation Level 37.5 362.303362.303kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1269.65 1584.47924.583ppm


Furthest Extent 18181.8 644.452 947.294282.943ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1044.911438.56ppm


Furthest Extent 18181.8 381.137761.701ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-001B UNSATURATED LPG STORAGE SPHERE\640TK-001B UNSATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002A SATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1633.3306 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):


68 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Dispersion
Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1633.3306 m


North(1) -564.7977 m


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.72199E+003


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.605467 0.6064480.604619fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 34.5156 37.82253600s


Pool Vaporization Rate 15.7184 18.67911.7097kg/s


Total Vapor Flowrate 1484.16 1483.471483.31kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 27.8944 31.0675s


Pool Vaporization Rate 19.4228 22.3052kg/s


Total Vapor Flowrate 1487.87 1487.111.7097kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3537.59 3531.11s


Pool Vaporization Rate 15.2661 17.5283kg/s


Total Vapor Flowrate 1483.71 1482.32kg/s


Maximum Pool Radius 17.8412 17.841217.8412m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.604180.60485fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 360059.29s


Pool Vaporization Rate 10.093616.2011kg/s


Total Vapor Flowrate 1483.331486.95kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3540.71s


Pool Vaporization Rate 14.4595kg/s


Total Vapor Flowrate 10.09361485.2kg/s


Maximum Pool Radius 17.841217.8412m


79 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 137.585 144.83130.547s


LFL       (18181.8) 18.75 837.117 813.263658.706s


LFL Frac  (9090.91) 18.75 1444.93 1169.331207.13s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.287995 0.3458850.236891s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 134.273138.003s


LFL       (18181.8) 18.75 652.614821.985s


LFL Frac  (9090.91) 18.75 1167.251492.08s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.1184710.250878s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 547.857 511.835705.166kW/m2


Radiation Level 4 896.804 861.031090.09kW/m2


Radiation Level 12.5 673.365 637.433843.731kW/m2


Radiation Level 37.5 541.209 505.181697.819kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 705.166547.857kW/m2


Radiation Level 4 1090.09896.804kW/m2


Radiation Level 12.5 843.731673.365kW/m2


Radiation Level 37.5 697.819541.209kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 110.88 183.78620.62kW/m2


Radiation Level 4 500.853 510.281545.951kW/m2


Radiation Level 12.5 289.643 309.527235.183kW/m2


Radiation Level 37.5 97.9565 174.25618.2032kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.62110.88kW/m2


Radiation Level 4 545.951500.853kW/m2


Radiation Level 12.5 235.183289.643kW/m2


Radiation Level 37.5 18.203297.9565kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1444.93 1169.331207.13ppm


Furthest Extent 18181.8 837.117 813.263658.706ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1167.251492.08ppm


Furthest Extent 18181.8 652.614821.985ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002A SATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1633.3306 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 216.278 332.319133.299s


LFL       (18181.8) 18.75 1056.11 1687.43464.083s


LFL Frac  (9090.91) 18.75 2177.68 2766.71541.19s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 165.528267.996s


LFL       (18181.8) 18.75 700.3131314.28s


LFL Frac  (9090.91) 18.75 1868.72607.97s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 585.602 585.602585.602kW/m2


Radiation Level 4 2386.93 2386.932386.93kW/m2


Radiation Level 12.5 1306.9 1306.91306.9kW/m2


Radiation Level 37.5 537.578 537.578537.578kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 585.602585.602kW/m2


Radiation Level 4 2386.932386.93kW/m2


Radiation Level 12.5 1306.91306.9kW/m2


Radiation Level 37.5 537.578537.578kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 2177.68 2766.71541.19ppm


Furthest Extent 18181.8 1056.11 1687.43464.083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1868.72607.97ppm


Furthest Extent 18181.8 700.3131314.28ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002A SATURATED LPG STORAGE SPHERE\640TK-002A SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002B SATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1663.7098 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm


102 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1663.7098 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.72199E+003


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.605467 0.6064480.604619fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 34.5156 37.82253600s


Pool Vaporization Rate 15.7184 18.67911.7097kg/s


Total Vapor Flowrate 1484.16 1483.471483.31kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 27.8944 31.0675s


Pool Vaporization Rate 19.4228 22.3052kg/s


Total Vapor Flowrate 1487.87 1487.111.7097kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3537.59 3531.11s


Pool Vaporization Rate 15.2661 17.5283kg/s


Total Vapor Flowrate 1483.71 1482.32kg/s


Maximum Pool Radius 17.8412 17.841217.8412m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.604180.60485fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 360059.29s


Pool Vaporization Rate 10.093616.2011kg/s


Total Vapor Flowrate 1483.331486.95kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3540.71s


Pool Vaporization Rate 14.4595kg/s


Total Vapor Flowrate 10.09361485.2kg/s


Maximum Pool Radius 17.841217.8412m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 137.585 144.83130.547s


LFL       (18181.8) 18.75 837.117 813.263658.706s


LFL Frac  (9090.91) 18.75 1444.93 1169.331207.13s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.287995 0.3458850.236891s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 134.273138.003s


LFL       (18181.8) 18.75 652.614821.985s


LFL Frac  (9090.91) 18.75 1167.251492.08s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.1184710.250878s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


111 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 547.857 511.835705.166kW/m2


Radiation Level 4 896.804 861.031090.09kW/m2


Radiation Level 12.5 673.365 637.433843.731kW/m2


Radiation Level 37.5 541.209 505.181697.819kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 705.166547.857kW/m2


Radiation Level 4 1090.09896.804kW/m2


Radiation Level 12.5 843.731673.365kW/m2


Radiation Level 37.5 697.819541.209kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 110.88 183.78620.62kW/m2


Radiation Level 4 500.853 510.281545.951kW/m2


Radiation Level 12.5 289.643 309.527235.183kW/m2


Radiation Level 37.5 97.9565 174.25618.2032kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.62110.88kW/m2


Radiation Level 4 545.951500.853kW/m2


Radiation Level 12.5 235.183289.643kW/m2


Radiation Level 37.5 18.203297.9565kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1444.93 1169.331207.13ppm


Furthest Extent 18181.8 837.117 813.263658.706ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1167.251492.08ppm


Furthest Extent 18181.8 652.614821.985ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002B SATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1663.7098 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 216.278 332.319133.299s


LFL       (18181.8) 18.75 1056.11 1687.43464.083s


LFL Frac  (9090.91) 18.75 2177.68 2766.71541.19s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 165.528267.996s


LFL       (18181.8) 18.75 700.3131314.28s


LFL Frac  (9090.91) 18.75 1868.72607.97s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 585.602 585.602585.602kW/m2


Radiation Level 4 2386.93 2386.932386.93kW/m2


Radiation Level 12.5 1306.9 1306.91306.9kW/m2


Radiation Level 37.5 537.578 537.578537.578kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 585.602585.602kW/m2


Radiation Level 4 2386.932386.93kW/m2


Radiation Level 12.5 1306.91306.9kW/m2


Radiation Level 37.5 537.578537.578kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 2177.68 2766.71541.19ppm


Furthest Extent 18181.8 1056.11 1687.43464.083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1868.72607.97ppm


Furthest Extent 18181.8 700.3131314.28ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002B SATURATED LPG STORAGE SPHERE\640TK-002B SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002C SATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1696.0702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


127 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1696.0702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.72199E+003


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.605467 0.6064480.604619fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 34.5156 37.82253600s


Pool Vaporization Rate 15.7184 18.67911.7097kg/s


Total Vapor Flowrate 1484.16 1483.471483.31kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 27.8944 31.0675s


Pool Vaporization Rate 19.4228 22.3052kg/s


Total Vapor Flowrate 1487.87 1487.111.7097kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3537.59 3531.11s


Pool Vaporization Rate 15.2661 17.5283kg/s


Total Vapor Flowrate 1483.71 1482.32kg/s


Maximum Pool Radius 17.8412 17.841217.8412m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.604180.60485fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 360059.29s


Pool Vaporization Rate 10.093616.2011kg/s


Total Vapor Flowrate 1483.331486.95kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3540.71s


Pool Vaporization Rate 14.4595kg/s


Total Vapor Flowrate 10.09361485.2kg/s


Maximum Pool Radius 17.841217.8412m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 137.585 144.83130.547s


LFL       (18181.8) 18.75 837.117 813.263658.706s


LFL Frac  (9090.91) 18.75 1444.93 1169.331207.13s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.287995 0.3458850.236891s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 134.273138.003s


LFL       (18181.8) 18.75 652.614821.985s


LFL Frac  (9090.91) 18.75 1167.251492.08s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.1184710.250878s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 547.857 511.835705.166kW/m2


Radiation Level 4 896.804 861.031090.09kW/m2


Radiation Level 12.5 673.365 637.433843.731kW/m2


Radiation Level 37.5 541.209 505.181697.819kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 705.166547.857kW/m2


Radiation Level 4 1090.09896.804kW/m2


Radiation Level 12.5 843.731673.365kW/m2


Radiation Level 37.5 697.819541.209kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 110.88 183.78620.62kW/m2


Radiation Level 4 500.853 510.281545.951kW/m2


Radiation Level 12.5 289.643 309.527235.183kW/m2


Radiation Level 37.5 97.9565 174.25618.2032kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.62110.88kW/m2


Radiation Level 4 545.951500.853kW/m2


Radiation Level 12.5 235.183289.643kW/m2


Radiation Level 37.5 18.203297.9565kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1444.93 1169.331207.13ppm


Furthest Extent 18181.8 837.117 813.263658.706ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1167.251492.08ppm


Furthest Extent 18181.8 652.614821.985ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


146 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


640TK-002C SATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1696.0702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 216.278 332.319133.299s


LFL       (18181.8) 18.75 1056.11 1687.43464.083s


LFL Frac  (9090.91) 18.75 2177.68 2766.71541.19s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 165.528267.996s


LFL       (18181.8) 18.75 700.3131314.28s


LFL Frac  (9090.91) 18.75 1868.72607.97s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 585.602 585.602585.602kW/m2


Radiation Level 4 2386.93 2386.932386.93kW/m2


Radiation Level 12.5 1306.9 1306.91306.9kW/m2


Radiation Level 37.5 537.578 537.578537.578kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 585.602585.602kW/m2


Radiation Level 4 2386.932386.93kW/m2


Radiation Level 12.5 1306.91306.9kW/m2


Radiation Level 37.5 537.578537.578kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 2177.68 2766.71541.19ppm


Furthest Extent 18181.8 1056.11 1687.43464.083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1868.72607.97ppm


Furthest Extent 18181.8 700.3131314.28ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002C SATURATED LPG STORAGE SPHERE\640TK-002C SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002D SATURATED LPG STORAGE SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1727.7702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


166 186 of Date: 9/26/2012 Time:  4:17:05PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1727.7702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


3.72199E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.72199E+003


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.605467 0.6064480.604619fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 34.5156 37.82253600s


Pool Vaporization Rate 15.7184 18.67911.7097kg/s


Total Vapor Flowrate 1484.16 1483.471483.31kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 27.8944 31.0675s


Pool Vaporization Rate 19.4228 22.3052kg/s


Total Vapor Flowrate 1487.87 1487.111.7097kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3537.59 3531.11s


Pool Vaporization Rate 15.2661 17.5283kg/s


Total Vapor Flowrate 1483.71 1482.32kg/s


Maximum Pool Radius 17.8412 17.841217.8412m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.604180.60485fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 360059.29s


Pool Vaporization Rate 10.093616.2011kg/s


Total Vapor Flowrate 1483.331486.95kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3540.71s


Pool Vaporization Rate 14.4595kg/s


Total Vapor Flowrate 10.09361485.2kg/s


Maximum Pool Radius 17.841217.8412m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 137.585 144.83130.547s


LFL       (18181.8) 18.75 837.117 813.263658.706s


LFL Frac  (9090.91) 18.75 1444.93 1169.331207.13s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.287995 0.3458850.236891s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 134.273138.003s


LFL       (18181.8) 18.75 652.614821.985s


LFL Frac  (9090.91) 18.75 1167.251492.08s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.1184710.250878s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 547.857 511.835705.166kW/m2


Radiation Level 4 896.804 861.031090.09kW/m2


Radiation Level 12.5 673.365 637.433843.731kW/m2


Radiation Level 37.5 541.209 505.181697.819kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 705.166547.857kW/m2


Radiation Level 4 1090.09896.804kW/m2


Radiation Level 12.5 843.731673.365kW/m2


Radiation Level 37.5 697.819541.209kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 110.88 183.78620.62kW/m2


Radiation Level 4 500.853 510.281545.951kW/m2


Radiation Level 12.5 289.643 309.527235.183kW/m2


Radiation Level 37.5 97.9565 174.25618.2032kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.62110.88kW/m2


Radiation Level 4 545.951500.853kW/m2


Radiation Level 12.5 235.183289.643kW/m2


Radiation Level 37.5 18.203297.9565kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.1196 73.660748.4814kW/m2


Radiation Level 4 159.626 159.149153.018kW/m2


Radiation Level 12.5 102.068 106.56491.0483kW/m2


Radiation Level 37.5 63.2911 71.319445.8597kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 48.481466.1196kW/m2


Radiation Level 4 153.018159.626kW/m2


Radiation Level 12.5 91.0483102.068kW/m2


Radiation Level 37.5 45.859763.2911kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1444.93 1169.331207.13ppm


Furthest Extent 18181.8 837.117 813.263658.706ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1167.251492.08ppm


Furthest Extent 18181.8 652.614821.985ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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640TK-002D SATURATED LPG STORAGE SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 4252 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 1000 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2233191.2 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1727.7702 m


North(1) -564.7977 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,233,191.25 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 216.278 332.319133.299s


LFL       (18181.8) 18.75 1056.11 1687.43464.083s


LFL Frac  (9090.91) 18.75 2177.68 2766.71541.19s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 165.528267.996s


LFL       (18181.8) 18.75 700.3131314.28s


LFL Frac  (9090.91) 18.75 1868.72607.97s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 585.602 585.602585.602kW/m2


Radiation Level 4 2386.93 2386.932386.93kW/m2


Radiation Level 12.5 1306.9 1306.91306.9kW/m2


Radiation Level 37.5 537.578 537.578537.578kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 585.602585.602kW/m2


Radiation Level 4 2386.932386.93kW/m2


Radiation Level 12.5 1306.91306.9kW/m2


Radiation Level 37.5 537.578537.578kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 2177.68 2766.71541.19ppm


Furthest Extent 18181.8 1056.11 1687.43464.083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1868.72607.97ppm


Furthest Extent 18181.8 700.3131314.28ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U640 PRODUCT STORAGE\640TK-002D SATURATED LPG STORAGE SPHERE\640TK-002D SATURATED LPG STORAGE SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U630 INTERMEDIATE STORAGE


630TK-004 NHT FEED INTERMEDIATE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 12258 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 3245 m2


[Type of Bund Surface Concrete]


Bund Height 4.2 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 9255124.1 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3125.3941 m


North(1) -876.53759 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 9,255,126.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.27


6.14627E-001


3,600.00


17.27


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 783.35


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 9,255,126.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.27


6.14627E-001


3,600.00


17.27


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 783.35


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 9,255,126.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.27


6.14627E-001


3,600.00


17.27


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 783.35


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 9,255,126.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.27


6.14627E-001


3,600.00


17.27


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 783.35


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 9,255,126.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.14627E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.27


17.27


0.60


0.00


fraction


degC


m/s


m/s


m


um 783.35


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.872164 0.8675050.878718fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 868.776 846.81906.01s


Pool Vaporization Rate 0.135443 0.1465580.114096kg/s


Total Vapor Flowrate 0.214014 0.2279920.188639kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 432.63 427.68440.88s


Pool Vaporization Rate 0.271613 0.2903430.234874kg/s


Total Vapor Flowrate 0.350184 0.3717780.309417kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 361.195 359.691362.933s


Pool Vaporization Rate 0.326085 0.3468430.285395kg/s


Total Vapor Flowrate 0.404656 0.4282780.359938kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 905.355 1185.43620.653s


Pool Vaporization Rate 0.391462 0.4207750.334286kg/s


Total Vapor Flowrate 0.470034 0.502210.408829kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1032.04 780.391269.52s


Pool Vaporization Rate 0.451709 0.4729770.405724kg/s


Total Vapor Flowrate 0.530281 0.5544120.480267kg/s


Maximum Pool Radius 7.89838 7.480118.67561m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.8794650.872547fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 927.202877.641s


Pool Vaporization Rate 0.1021640.130654kg/s


Total Vapor Flowrate 0.1762480.208989kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 443.648434.61s


Pool Vaporization Rate 0.2137330.263785kg/s


Total Vapor Flowrate 0.2878170.342121kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 363.872360.559s


Pool Vaporization Rate 0.2615980.317504kg/s


Total Vapor Flowrate 0.3356820.39584kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 617.528621.6s


Pool Vaporization Rate 0.3086810.37007kg/s


Total Vapor Flowrate 0.3827650.448406kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1029.171305.59s
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Pool Vaporization Rate 0.3711710.436905kg/s


Total Vapor Flowrate 0.4452550.51524kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 218.578s


Pool Vaporization Rate 0.410849kg/s


Total Vapor Flowrate 0.484933kg/s


Maximum Pool Radius 9.087348.05599m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 3.38577 2.92714.13451s


LFL       (11247.5) 18.75 10.3464 5.8546325.7355s


LFL Frac  (5623.75) 18.75 21.072 11.003437.5303s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.8077 0.8866850.606825s


LFL       (11247.5) 18.75 0.387919 0.7450s


LFL Frac  (5623.75) 18.75 0.220913 0.6711890s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 4.147753.33104s


LFL       (11247.5) 18.75 26.155211.6402s


LFL Frac  (5623.75) 18.75 35.364321.4292s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.571960.796964s


LFL       (11247.5) 18.75 00.247399s


LFL Frac  (5623.75) 18.75 00.0189395s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 8.82329 8.319810.7749kW/m2


Radiation Level 4 14.3073 13.704416.5105kW/m2


Radiation Level 12.5 10.8624 10.31112.9883kW/m2


Radiation Level 37.5 8.70937 8.2092610.637kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 10.74378.81052kW/m2


Radiation Level 4 16.464214.2874kW/m2


Radiation Level 12.5 12.951610.8472kW/m2


Radiation Level 37.5 10.60688.69672kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 4.87051 6.15409Not ReachedkW/m2


Radiation Level 4 11.5929 11.406910.3887kW/m2


Radiation Level 12.5 7.68275 8.071855.7545kW/m2


Radiation Level 37.5 4.77097 6.04744Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached4.86353kW/m2


Radiation Level 4 10.35811.5765kW/m2


Radiation Level 12.5 5.734377.6721kW/m2


Radiation Level 37.5 Not Reached4.76416kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


11 98 of Date: 9/26/2012 Time:  4:16:18PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.47363 10.75098.10953kW/m2


Radiation Level 4 20.6812 21.173719.5481kW/m2


Radiation Level 12.5 15.3547 16.458913.4954kW/m2


Radiation Level 37.5 9.06052 10.24937.80372kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 8.024159.25845kW/m2


Radiation Level 4 19.466220.4677kW/m2


Radiation Level 12.5 13.411615.1404kW/m2


Radiation Level 37.5 7.718318.84521kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 13.4465 13.585Not ReachedkW/m2


Radiation Level 4 47.4137 48.786443.0327kW/m2


Radiation Level 12.5 26.4657 30.164220.6955kW/m2


Radiation Level 37.5 13.4465 13.585Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached13.3882kW/m2


Radiation Level 4 43.533247.609kW/m2


Radiation Level 12.5 20.569326.1431kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 21.072 11.003437.5303ppm


Furthest Extent 11247.5 10.3464 5.8546325.7355ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0.220913 0.6711890ppm


Furthest Extent 11247.5 0.387919 0.7450ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 35.364321.4292ppm


Furthest Extent 11247.5 26.155211.6402ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00.0189395ppm


Furthest Extent 11247.5 00.247399ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-004 NHT FEED INTERMEDIATE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 12258 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 3245 m2


[Type of Bund Surface Concrete]


Bund Height 4.2 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 9255124.1 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3125.3941 m


North(1) -876.53759 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 9,255,126.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 45.69


1.54252E+004


600.00


45.69


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 112.05


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 9,255,126.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 45.69


1.54252E+004


600.00


45.69


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 112.05


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 9,255,126.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 45.69


1.54252E+004


600.00


45.69


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 112.05


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 9,255,126.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 45.69


1.54252E+004


600.00


45.69


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 112.05


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 9,255,126.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.54252E+004


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 45.69


45.69


0.60


0.02


fraction


degC


m/s


m/s


m


um 112.05


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.983135 0.983020.983398fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 76.1256 76.125676.1256s


Pool Vaporization Rate 11.1297 12.8658.26935kg/s


Total Vapor Flowrate 271.275 274.78264.361kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3523.87 3523.873523.87s


Pool Vaporization Rate 12.5989 14.51369.40985kg/s


Total Vapor Flowrate 272.745 276.429265.501kg/s


Maximum Pool Radius 32.139 32.13932.139m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9832020.982908fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 76.125676.1256s


Pool Vaporization Rate 6.8838110.385kg/s


Total Vapor Flowrate 266274.026kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3523.873523.87s


Pool Vaporization Rate 7.8499511.7692kg/s


Total Vapor Flowrate 266.966275.41kg/s


Maximum Pool Radius 32.13932.139m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 50.1025 51.181949.0136s


LFL       (11247.5) 18.75 389.128 326.213311.603s


LFL Frac  (5623.75) 18.75 583.998 472.403608.588s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.552223 0.5717920.533524s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 49.896750.3136s


LFL       (11247.5) 18.75 316.759395.884s


LFL Frac  (5623.75) 18.75 606.457595.367s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.504080.54134s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 300.349 270.771371.614kW/m2


Radiation Level 4 518.363 466.653598.875kW/m2


Radiation Level 12.5 378.471 340.909453.432kW/m2


Radiation Level 37.5 296.227 267.074367.261kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 373.519301.979kW/m2


Radiation Level 4 602.005521.119kW/m2


Radiation Level 12.5 455.778380.508kW/m2


Radiation Level 37.5 369.142297.836kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 117.559 120.18265.3638kW/m2


Radiation Level 4 316.04 297.938354.695kW/m2


Radiation Level 12.5 189.052 182.277195.856kW/m2


Radiation Level 37.5 112.595 116.77557.1584kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 65.629118.13kW/m2


Radiation Level 4 356.319317.664kW/m2


Radiation Level 12.5 196.725190.034kW/m2


Radiation Level 37.5 57.3946113.134kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 100.948 108.47680.2057kW/m2


Radiation Level 12.5 35.2716 35.985233.139kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 80.2057100.948kW/m2


Radiation Level 12.5 33.13935.2716kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 100.948 108.47680.2057kW/m2


Radiation Level 12.5 35.2716 35.985233.139kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 80.2057100.948kW/m2


Radiation Level 12.5 33.13935.2716kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 583.998 472.403608.588ppm


Furthest Extent 11247.5 389.128 326.213311.603ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 606.457595.367ppm


Furthest Extent 11247.5 316.759395.884ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-004 NHT FEED INTERMEDIATE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 12258 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 3245 m2


[Type of Bund Surface Concrete]


Bund Height 4.2 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 9255124.1 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3125.3941 m


North(1) -876.53759 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 9,255,126.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 9,255,126.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 9,255,126.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 9,255,126.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 9,255,126.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.999692 0.9997030.999681fraction


Initial Vapor Cloud 2847.31 2746.592950.23kg


Time Pool Left Behind 45.6299 21.4485239.463s


Cloud Segment 1


Cloud Segment Duration 3600 36003600s


Pool Vaporization Rate 14.0936 15.748810.8279kg/s


Maximum Pool Radius 32.139 32.13932.139m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9996790.99969fraction


Initial Vapor Cloud 2967.992866.58kg


Time Pool Left Behind 449.21855.4227s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 9.0948913.261kg/s


Maximum Pool Radius 32.13932.139m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 29.1882 30.241636.4113s


LFL       (11247.5) 18.75 119.71 126.259165.391s


LFL Frac  (5623.75) 18.75 183.014 204.596215.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 35.751929.6991s


LFL       (11247.5) 18.75 159.024110.148s


LFL Frac  (5623.75) 18.75 205.126167.6s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 100.948 108.47680.2057kW/m2


Radiation Level 12.5 35.2716 35.985233.139kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 80.2057100.948kW/m2


Radiation Level 12.5 33.13935.2716kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 183.014 204.596215.68ppm


Furthest Extent 11247.5 119.71 126.259165.391ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 205.126167.6ppm


Furthest Extent 11247.5 159.024110.148ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-004 NHT FEED INTERMEDIATE\630TK-004 NHT FEED INTERMEDIATE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 905 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 475314.68 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1776.641 m


North(1) -564.79381 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 475,314.69 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 905 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 475314.68 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1776.641 m


North(1) -564.79381 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 475,314.69 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


7.92191E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


7.92191E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


7.92191E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


7.92191E+002


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.92191E+002


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.556607 0.5537070.559509fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 39.3756 41.602534.81s


Pool Vaporization Rate 7.99427 9.188295.89726kg/s


Total Vapor Flowrate 359.246 362.738354.85kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 32.8744 35.837526.8125s


Pool Vaporization Rate 9.49036 10.57917.60741kg/s


Total Vapor Flowrate 360.742 364.128356.561kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3527.75 3522.563538.38s


Pool Vaporization Rate 6.13796 7.030844.80919kg/s


Total Vapor Flowrate 357.39 360.58353.762kg/s


Maximum Pool Radius 13.8198 13.819813.8198m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.5586590.555789fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 55.502538.44s


Pool Vaporization Rate 5.593487.47234kg/s


Total Vapor Flowrate 355.22359.373kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3544.531.2825s


Pool Vaporization Rate 4.244039.0319kg/s


Total Vapor Flowrate 353.87360.932kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 3530.28s


Pool Vaporization Rate 5.88086kg/s


Total Vapor Flowrate 4.24403357.781kg/s


Maximum Pool Radius 13.819813.8198m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 57.9128 59.907455.9814s


LFL       (18181.8) 18.75 408.054 398.421331.873s


LFL Frac  (9090.91) 18.75 722.29 593.177625.744s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.836586 0.8457540.828261s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 57.404458.364s


LFL       (18181.8) 18.75 334.203409.418s


LFL Frac  (9090.91) 18.75 615.862735.923s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.7890610.821905s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 289.643 270.852361.67kW/m2


Radiation Level 4 480.397 461.743555.639kW/m2


Radiation Level 12.5 357.932 339.19431.357kW/m2


Radiation Level 37.5 286.043 267.249357.973kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 361.67289.643kW/m2


Radiation Level 4 555.639480.397kW/m2


Radiation Level 12.5 431.357357.932kW/m2


Radiation Level 37.5 357.973286.043kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 68.5627 107.2799.96349kW/m2


Radiation Level 4 272.616 281.819300.643kW/m2


Radiation Level 12.5 160.78 169.08135.002kW/m2


Radiation Level 37.5 61.0546 103.1098.5983kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.9634968.5627kW/m2


Radiation Level 4 300.643272.616kW/m2


Radiation Level 12.5 135.002160.78kW/m2


Radiation Level 37.5 8.598361.0546kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 722.29 593.177625.744ppm


Furthest Extent 18181.8 408.054 398.421331.873ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 615.862735.923ppm


Furthest Extent 18181.8 334.203409.418ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 905 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 475314.68 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1776.641 m


North(1) -564.79381 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 475,314.69 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 475,314.69 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 119.407 178.83977.5219s


LFL       (18181.8) 18.75 635.605 936.474278.08s


LFL Frac  (9090.91) 18.75 1244.93 1564.3906.557s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 88.5973140.078s


LFL       (18181.8) 18.75 373.231750.439s


LFL Frac  (9090.91) 18.75 1025.541412.46s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 386.3 386.3386.3kW/m2


Radiation Level 4 1521.56 1521.561521.56kW/m2


Radiation Level 12.5 833.951 833.951833.951kW/m2


Radiation Level 37.5 357.489 357.489357.489kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 386.3386.3kW/m2


Radiation Level 4 1521.561521.56kW/m2


Radiation Level 12.5 833.951833.951kW/m2


Radiation Level 37.5 357.489357.489kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1244.93 1564.3906.557ppm


Furthest Extent 18181.8 635.605 936.474278.08ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1025.541412.46ppm


Furthest Extent 18181.8 373.231750.439ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


66 98 of Date: 9/26/2012 Time:  4:16:18PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE\630TK-016 UNSATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 2572 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 1E-5 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1350839.1 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1754.4044 m


North(1) -563.55845 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,350,839.13 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


1.17312E+000


3,600.00


47.35


1.01


19.59


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.17312E+000


3,600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.02


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 2.97254 2.781213.18734s


LFL       (18181.8) 18.75 9.82292 7.6544913.8859s


LFL Frac  (9090.91) 18.75 23.7982 16.337232.2494s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.996436 0.9972130.995428s


LFL       (18181.8) 18.75 0.913026 0.9639760.76026s


LFL Frac  (9090.91) 18.75 0.701557 0.8924270.102786s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.188572.9581s


LFL       (18181.8) 18.75 14.4810.0298s


LFL Frac  (9090.91) 18.75 38.246925.9382s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9953280.996371s


LFL       (18181.8) 18.75 0.7132120.900054s


LFL Frac  (9090.91) 18.75 00.582007s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.119 15.159820.0137kW/m2


Radiation Level 4 25.8929 25.250229.2367kW/m2


Radiation Level 12.5 19.6465 18.793723.3858kW/m2


Radiation Level 37.5 15.9294 14.96419.8286kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.013716.119kW/m2


Radiation Level 4 29.236725.8929kW/m2


Radiation Level 12.5 23.385819.6465kW/m2


Radiation Level 37.5 19.828615.9294kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.79768 9.29105Not ReachedkW/m2


Radiation Level 4 20.1171 20.092518.9141kW/m2


Radiation Level 12.5 11.8221 13.44697.3563kW/m2


Radiation Level 37.5 6.3562 9.02465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.79768kW/m2


Radiation Level 4 18.914120.1171kW/m2


Radiation Level 12.5 7.356311.8221kW/m2


Radiation Level 37.5 Not Reached6.3562kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 23.7982 16.337232.2494ppm


Furthest Extent 18181.8 9.82292 7.6544913.8859ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.701557 0.8924270.102786ppm


Furthest Extent 18181.8 0.913026 0.9639760.76026ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 38.246925.9382ppm


Furthest Extent 18181.8 14.4810.0298ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.582007ppm


Furthest Extent 18181.8 0.7132120.900054ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 2572 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1350839.1 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1754.4044 m


North(1) -563.55845 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,350,839.13 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


2.25140E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


2.25140E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


2.25140E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


2.25140E+003


600.00


47.35


1.01


19.59


0.60


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 160.89


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.25140E+003


600.00


1.01


19.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 152.59


47.35


0.60


0.08


fraction


degC


m/s


m/s


m


um 160.89


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.604885 0.6043540.605487fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 42.9025 47.613600s


Pool Vaporization Rate 10.1161 11.7686.95443kg/s


Total Vapor Flowrate 899.678 902.525895.161kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3557.1 3552.39s


Pool Vaporization Rate 9.01698 10.2852kg/s


Total Vapor Flowrate 898.579 901.0426.95443kg/s


Maximum Pool Radius 13.8198 13.819813.8198m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.6048150.604255fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 5.973028.54015kg/s


Total Vapor Flowrate 895.692899.519kg/s


Maximum Pool Radius 13.819813.8198m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 101.213 106.20296.6009s


LFL       (18181.8) 18.75 658.462 636.475521.068s


LFL Frac  (9090.91) 18.75 1131.88 918.565967.215s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.576948 0.6091160.54667s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 99.9988101.909s


LFL       (18181.8) 18.75 519.272652.751s


LFL Frac  (9090.91) 18.75 940.6171163.93s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.4526040.54653s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 445.615 416.446571.147kW/m2


Radiation Level 4 732.691 703.728884.629kW/m2


Radiation Level 12.5 548.702 519.608683.844kW/m2


Radiation Level 37.5 440.161 410.989565.177kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 571.147445.615kW/m2


Radiation Level 4 884.629732.691kW/m2


Radiation Level 12.5 683.844548.702kW/m2


Radiation Level 37.5 565.177440.161kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 94.9072 154.71116.3686kW/m2


Radiation Level 4 411.351 421.213450.293kW/m2


Radiation Level 12.5 239.57 253.942196.821kW/m2


Radiation Level 37.5 83.9639 147.26514.3719kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 16.368694.9072kW/m2


Radiation Level 4 450.293411.351kW/m2


Radiation Level 12.5 196.821239.57kW/m2


Radiation Level 37.5 14.371983.9639kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 54.1845 60.465639.3372kW/m2


Radiation Level 4 130.293 129.776124.812kW/m2


Radiation Level 12.5 83.4355 87.284274.3458kW/m2


Radiation Level 37.5 51.7804 58.516637.1654kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 39.337254.1845kW/m2


Radiation Level 4 124.812130.293kW/m2


Radiation Level 12.5 74.345883.4355kW/m2


Radiation Level 37.5 37.165451.7804kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1131.88 918.565967.215ppm


Furthest Extent 18181.8 658.462 636.475521.068ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 940.6171163.93ppm


Furthest Extent 18181.8 519.272652.751ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Saturated Liquid (Equilibrium vapor/liquid)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 2572 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-7 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 600 m2


[Type of Bund Surface Concrete]


Bund Height 5 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1350839.1 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 18.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1754.4044 m


North(1) -563.55845 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,350,839.13 kg


- Pressure 6.48 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 152.69


 0.71


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,350,839.13 kg


- Pressure 6.49 bar


- Temperature  20.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 145.60


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 152.69


 0.71


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 178.233 271.322111.773s


LFL       (18181.8) 18.75 892.86 1397.61395.856s


LFL Frac  (9090.91) 18.75 1811.02 2310.411301.53s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 134.786216.616s


LFL       (18181.8) 18.75 569.8021107.52s


LFL Frac  (9090.91) 18.75 1537.662144.13s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 512.57 512.57512.57kW/m2


Radiation Level 4 2063.61 2063.612063.61kW/m2


Radiation Level 12.5 1130.31 1130.311130.31kW/m2


Radiation Level 37.5 471.937 471.937471.937kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 512.57512.57kW/m2


Radiation Level 4 2063.612063.61kW/m2


Radiation Level 12.5 1130.311130.31kW/m2


Radiation Level 37.5 471.937471.937kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1811.02 2310.411301.53ppm


Furthest Extent 18181.8 892.86 1397.61395.856ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 1537.662144.13ppm


Furthest Extent 18181.8 569.8021107.52ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U630 INTERMEDIATE STORAGE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE\630TK-017 SATURATED LPG (OFFSPEC) SPHERE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U620 CRUDE STORAGE


620TK-001A CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1915.474 m


North(1) -723.45395 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001A CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1915.474 m


North(1) -723.45395 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


16 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


20 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001A CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1915.474 m


North(1) -723.45395 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001A CRUDE STORAGE TANK\620TK-001A CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001B CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1979.4407 m


North(1) -621.76319 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):


40 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


44 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001B CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1979.4407 m


North(1) -621.76319 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001B CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 1979.4407 m


North(1) -621.76319 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001B CRUDE STORAGE TANK\620TK-001B CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001C CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2083.5918 m


North(1) -468.40695 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):


74 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


620TK-001C CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2083.5918 m


North(1) -468.40695 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


88 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001C CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


93 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2083.5918 m


North(1) -468.40695 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):


98 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001C CRUDE STORAGE TANK\620TK-001C CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001D CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


103 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2242.6886 m


North(1) -567.63746 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001D CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2242.6886 m


North(1) -567.63746 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001D CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2242.6886 m


North(1) -567.63746 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001D CRUDE STORAGE TANK\620TK-001D CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001E CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2365.7016 m


North(1) -644.72562 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001E CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2365.7016 m


North(1) -644.72562 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001E CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2365.7016 m


North(1) -644.72562 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):


166 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


168 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001E CRUDE STORAGE TANK\620TK-001E CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001F CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2514.9574 m


North(1) -739.0356 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001F CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2514.9574 m


North(1) -739.0356 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical


191 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


192 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001F CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


195 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2514.9574 m


North(1) -739.0356 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001F CRUDE STORAGE TANK\620TK-001F CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001G CRUDE STORAGE TANK_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2642.891 m


North(1) -819.40411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


6.10869E-001


3,600.00


17.76


1.01


19.98


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 710.18


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 67,424,224.00 kg


- Pressure 2.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.10869E-001


3,600.00


1.01


19.98 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


209 238 of Date: 9/26/2012 Time:  4:15:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.98


 17.76


17.76


0.60


0.00


fraction


degC


m/s


m/s


m


um 710.18


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.594224 0.58510.607266fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 469.806 540.563603.931s


Pool Vaporization Rate 0.19639 0.220370.201578kg/s


Total Vapor Flowrate 0.444265 0.4738190.441487kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3130.19 3059.442996.07s


Pool Vaporization Rate 0.35887 0.3561140.365205kg/s


Total Vapor Flowrate 0.606746 0.6095630.605114kg/s


Maximum Pool Radius 2.81307 2.615743.21388m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.6088280.595065fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 626.251496.176s


Pool Vaporization Rate 0.1918190.197336kg/s


Total Vapor Flowrate 0.4307740.444698kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2973.753103.82s


Pool Vaporization Rate 0.3633710.359214kg/s


Total Vapor Flowrate 0.6023260.606576kg/s


Maximum Pool Radius 3.440642.88307m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 3.24242 2.800954.13361s


LFL       (9556.23) 18.75 12.2383 6.3557730.208s


LFL Frac  (4778.11) 18.75 23.5972 12.35642.6577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0.83211 0.9015910.619417s


LFL       (9556.23) 18.75 0.309323 0.7433320s


LFL Frac  (4778.11) 18.75 0.105072 0.6566790s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 4.203623.18335s


LFL       (9556.23) 18.75 29.916213.7554s


LFL Frac  (4778.11) 18.75 39.42523.4871s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 0.569650.823774s


LFL       (9556.23) 18.75 00.112456s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.8839 12.00215.9519kW/m2


Radiation Level 4 21.2773 20.132124.8189kW/m2


Radiation Level 12.5 15.9266 14.928919.2646kW/m2


Radiation Level 37.5 12.7189 11.845315.7611kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.951912.8839kW/m2


Radiation Level 4 24.818921.2773kW/m2


Radiation Level 12.5 19.264615.9266kW/m2


Radiation Level 37.5 15.761112.7189kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.63165 8.09852Not ReachedkW/m2


Radiation Level 4 17.8513 15.237316.9085kW/m2


Radiation Level 12.5 11.7077 10.656810.0546kW/m2


Radiation Level 37.5 7.36592 7.95763Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.63165kW/m2


Radiation Level 4 16.908517.8513kW/m2


Radiation Level 12.5 10.054611.7077kW/m2


Radiation Level 37.5 Not Reached7.36592kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.51447 9.901899.1937kW/m2


Radiation Level 4 14.1547 13.898415.2355kW/m2


Radiation Level 12.5 11.2011 11.353211.5126kW/m2


Radiation Level 37.5 9.40864 9.83098.99707kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 9.285659.38198kW/m2


Radiation Level 4 15.612814.0943kW/m2


Radiation Level 12.5 11.754511.0962kW/m2


Radiation Level 37.5 9.055119.27682kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 23.5972 12.35642.6577ppm


Furthest Extent 9556.23 12.2383 6.3557730.208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0.105072 0.6566790ppm


Furthest Extent 9556.23 0.309323 0.7433320ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 39.42523.4871ppm


Furthest Extent 9556.23 29.916213.7554ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00.112456ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001G CRUDE STORAGE TANK_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 7 bar


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2642.891 m


North(1) -819.40411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


1.12374E+005


600.00


46.97


1.01


19.84


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 101.58


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 67,424,224.00 kg


- Pressure 8.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.12374E+005


600.00


1.01


19.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.84


 46.97


46.97


0.60


0.02


fraction


degC


m/s


m/s


m


um 101.58


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.934611 0.9351650.934245fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 46.9225 104.55147.61s


Pool Vaporization Rate 282.755 461.181211.577kg/s


Total Vapor Flowrate 7630.81 7746.877600.68kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3553.08 3495.453552.39s


Pool Vaporization Rate 466.337 535.659350.433kg/s


Total Vapor Flowrate 7814.39 7821.357739.54kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.9341550.934118fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 41.280644.5556s


Pool Vaporization Rate 156.682253.246kg/s


Total Vapor Flowrate 7555.947656.6kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 3558.723555.44s


Pool Vaporization Rate 294.378436.673kg/s


Total Vapor Flowrate 7693.637840.03kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 395.529 460.318354.928s


LFL       (9556.23) 18.75 2208.67 1619.691861.32s


LFL Frac  (4778.11) 18.75 2958.47 2204.75450.68s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 350.508393.207s


LFL       (9556.23) 18.75 1698.692320.32s


LFL Frac  (4778.11) 18.75 3597.73131.73s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 1043.95 937.0981357.74kW/m2


Radiation Level 4 1749.99 1571.12171.46kW/m2


Radiation Level 12.5 1299.66 1166.451652.95kW/m2


Radiation Level 37.5 1030.31 924.8841341.98kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 1358.491047.09kW/m2


Radiation Level 4 2172.631755.12kW/m2


Radiation Level 12.5 1653.851303.53kW/m2


Radiation Level 37.5 1342.721033.42kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 350.685 366.703186.322kW/m2


Radiation Level 4 1019.47 964.9371162.44kW/m2


Radiation Level 12.5 627.689 584.466613.144kW/m2


Radiation Level 37.5 331.388 351.338166.111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 186.413351.602kW/m2


Radiation Level 4 1163.041022.44kW/m2


Radiation Level 12.5 613.449629.49kW/m2


Radiation Level 37.5 166.194332.246kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 2958.47 2204.75450.68ppm


Furthest Extent 9556.23 2208.67 1619.691861.32ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 3597.73131.73ppm


Furthest Extent 9556.23 1698.692320.32ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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620TK-001G CRUDE STORAGE TANK_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CRUDE OIL


Material to Track CRUDE OIL


Type of Vessel Unpressurized (at atmospheric pressure)


Pressure Specification Pressure not used


Temperature 20 degC


Volume Inventory 92371 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund Bund present


Bund Area 25000 m2


[Type of Bund Surface Concrete]


Bund Height 3.8 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 67424228 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2642.891 m


North(1) -819.40411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 67,424,224.00 kg


- Pressure 1.01 bar


- Temperature  20.00 degC


Material CRUDE OIL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Liquid at atmospheric pressure


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.996932 0.996970.996899fraction


Initial Vapor Cloud 206873 204270209059kg


Time Pool Left Behind 185.116 75.41891609.85s


Cloud Segment 1


Cloud Segment Duration 3600 3209.223600s


Pool Vaporization Rate 646.408 741.754493.37kg/s


Cloud Segment 2


Cloud Segment Duration 390.778s


Pool Vaporization Rate 663.421kg/s


Maximum Pool Radius 89.2062 89.206289.2062m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9968920.996922fraction


Initial Vapor Cloud 209561207518kg


Time Pool Left Behind 2468.69221.529s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 416.612608.421kg/s


Maximum Pool Radius 89.206289.2062m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 342.175 294.18534.247s


LFL       (9556.23) 18.75 764.619 746.5091230.16s


LFL Frac  (4778.11) 18.75 1041.27 1041.391564.86s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (68144.9) 18.75 0 00s


LFL       (9556.23) 18.75 0 00s


LFL Frac  (4778.11) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 561.702346.393s


LFL       (9556.23) 18.75 1228.72726.737s


LFL Frac  (4778.11) 18.75 1521.921010.84s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (68144.9) 18.75 00s


LFL       (9556.23) 18.75 00s


LFL Frac  (4778.11) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 129.276 129.765125.922kW/m2


Radiation Level 12.5 92.522 94.291590.2062kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 125.922129.276kW/m2


Radiation Level 12.5 90.206292.522kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 1041.27 1041.391564.86ppm


Furthest Extent 9556.23 764.619 746.5091230.16ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4778.11 0 00ppm


Furthest Extent 9556.23 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 1521.921010.84ppm


Furthest Extent 9556.23 1228.72726.737ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4778.11 00ppm


Furthest Extent 9556.23 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U620 CRUDE STORAGE\620TK-001G CRUDE STORAGE TANK\620TK-001G CRUDE STORAGE TANK_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-450 HYDROGEN GENERATION UNIT


450C-001 HYDROGENATION REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 49 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:
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Mass Inventory of material to Disperse 2699.7355 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1174.6749 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.26625E-001


3,600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


5 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 0.659616 0.6504480.667879s


LFL       (13711.5) 18.75 4.37662 3.931474.96605s


LFL Frac  (6855.75) 18.75 7.4044 6.296369.39153s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00001 1.000011.00001s


LFL       (13711.5) 18.75 1.00439 1.002871.00706s


LFL Frac  (6855.75) 18.75 1.01936 1.010191.04623s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 0.6680950.658568s


LFL       (13711.5) 18.75 4.9844.36424s


LFL Frac  (6855.75) 18.75 9.519397.36176s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.000011.00001s


LFL       (13711.5) 18.75 1.007371.00458s


LFL Frac  (6855.75) 18.75 1.051431.02072s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 11.4854 11.061711.7999kW/m2


Radiation Level 12.5 9.20394 9.099689.2518kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 11.799911.4854kW/m2


Radiation Level 12.5 9.25189.20394kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.72901 9.571334.21176kW/m2


Radiation Level 12.5 Not Reached 4.86547Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 4.211768.72901kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 7.4044 6.296369.39153ppm


Furthest Extent 13711.5 4.37662 3.931474.96605ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.01936 1.010191.04623ppm


Furthest Extent 13711.5 1.00439 1.002871.00706ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 9.519397.36176ppm


Furthest Extent 13711.5 4.9844.36424ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 1.051431.02072ppm


Furthest Extent 13711.5 1.007371.00458ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-001 HYDROGENATION REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 49 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2699.7355 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1174.6749 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


4.49928E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


4.49928E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


4.49928E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


4.49928E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.49928E+000


600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.08


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.73877 1.698351.77555s


LFL       (13711.5) 18.75 12.2263 10.66613.9937s


LFL Frac  (6855.75) 18.75 28.9294 26.480331.3766s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00009 1.000081.0001s


LFL       (13711.5) 18.75 1.03709 1.022291.0611s


LFL Frac  (6855.75) 18.75 1.41442 1.252541.67796s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.776871.73677s


LFL       (13711.5) 18.75 14.193412.326s


LFL Frac  (6855.75) 18.75 32.632629.5847s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.00011.00009s


LFL       (13711.5) 18.75 1.068691.04005s


LFL Frac  (6855.75) 18.75 1.960461.50053s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 23.0574 24.671121.9495kW/m2


Radiation Level 4 34.203 33.871534.3774kW/m2


Radiation Level 12.5 27.9321 28.641727.2392kW/m2


Radiation Level 37.5 22.9035 24.257721.7591kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 21.949523.0574kW/m2


Radiation Level 4 34.377434.203kW/m2


Radiation Level 12.5 27.239227.9321kW/m2


Radiation Level 37.5 21.759122.9035kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 23.1498 24.347916.0936kW/m2


Radiation Level 12.5 7.52371 13.5661Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 16.093623.1498kW/m2


Radiation Level 12.5 Not Reached7.52371kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 28.9294 26.480331.3766ppm


Furthest Extent 13711.5 12.2263 10.66613.9937ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.41442 1.252541.67796ppm


Furthest Extent 13711.5 1.03709 1.022291.0611ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 32.632629.5847ppm


Furthest Extent 13711.5 14.193412.326ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 1.960461.50053ppm


Furthest Extent 13711.5 1.068691.04005ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-001 HYDROGENATION REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 49 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2699.7355 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 51.7 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1174.6749 m


22 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,699.57 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 13.1572 13.274313.0734s


LFL       (13711.5) 18.75 26.7714 34.709823.2689s


LFL Frac  (6855.75) 18.75 40.8152 60.593929.6871s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1 11s


LFL       (13711.5) 18.75 1 11s


LFL Frac  (6855.75) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 13.086613.1799s


LFL       (13711.5) 18.75 23.339927.1101s


LFL Frac  (6855.75) 18.75 29.955842.3728s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 11s


LFL       (13711.5) 18.75 11s


LFL Frac  (6855.75) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 79.1073 79.107379.1073kW/m2


Radiation Level 4 307.132 307.132307.132kW/m2


Radiation Level 12.5 167.035 167.035167.035kW/m2


Radiation Level 37.5 73.65 73.6573.65kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 79.107379.1073kW/m2


Radiation Level 4 307.132307.132kW/m2


Radiation Level 12.5 167.035167.035kW/m2


Radiation Level 37.5 73.6573.65kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 40.8152 60.593929.6871ppm


Furthest Extent 13711.5 26.7714 34.709823.2689ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1 11ppm


Furthest Extent 13711.5 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 29.955842.3728ppm


Furthest Extent 13711.5 23.339927.1101ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 11ppm


Furthest Extent 13711.5 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-001 HYDROGENATION REACTOR\450C-001 HYDROGENATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002A DESULPHURISATION REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1183.7764 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.26625E-001


3,600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 0.659616 0.6504480.667879s


LFL       (13711.5) 18.75 4.37662 3.931474.96605s


LFL Frac  (6855.75) 18.75 7.4044 6.296369.39153s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00001 1.000011.00001s


LFL       (13711.5) 18.75 1.00439 1.002871.00706s


LFL Frac  (6855.75) 18.75 1.01936 1.010191.04623s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 0.6680950.658568s


LFL       (13711.5) 18.75 4.9844.36424s


LFL Frac  (6855.75) 18.75 9.519397.36176s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.000011.00001s


LFL       (13711.5) 18.75 1.007371.00458s


LFL Frac  (6855.75) 18.75 1.051431.02072s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 11.4854 11.061711.7999kW/m2


Radiation Level 12.5 9.20394 9.099689.2518kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 11.799911.4854kW/m2


Radiation Level 12.5 9.25189.20394kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.72901 9.571334.21176kW/m2


Radiation Level 12.5 Not Reached 4.86547Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 4.211768.72901kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 7.4044 6.296369.39153ppm


Furthest Extent 13711.5 4.37662 3.931474.96605ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.01936 1.010191.04623ppm


Furthest Extent 13711.5 1.00439 1.002871.00706ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 9.519397.36176ppm


Furthest Extent 13711.5 4.9844.36424ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 1.051431.02072ppm


Furthest Extent 13711.5 1.007371.00458ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002A DESULPHURISATION REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1183.7764 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


43 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.46341E+000


600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.08


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.91257 1.868081.95582s


LFL       (13711.5) 18.75 14.0144 12.333615.7387s


LFL Frac  (6855.75) 18.75 32.9871 30.736435.1834s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00011 1.00011.00012s


LFL       (13711.5) 18.75 1.05119 1.031351.07998s


LFL Frac  (6855.75) 18.75 1.55222 1.350171.87289s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.957411.91041s


LFL       (13711.5) 18.75 16.050514.1668s


LFL Frac  (6855.75) 18.75 36.636833.6284s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.000121.00011s


LFL       (13711.5) 18.75 1.093751.05626s


LFL Frac  (6855.75) 18.75 2.257621.66463s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


46 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 25.3716 27.534324.0733kW/m2


Radiation Level 4 37.9108 37.571938.0831kW/m2


Radiation Level 12.5 30.8333 31.660930.0295kW/m2


Radiation Level 37.5 25.1585 27.098923.8717kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 24.073325.3716kW/m2


Radiation Level 4 38.083137.9108kW/m2


Radiation Level 12.5 30.029530.8333kW/m2


Radiation Level 37.5 23.871725.1585kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 25.4333 26.706917.9558kW/m2


Radiation Level 12.5 8.86562 14.9134Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 17.955825.4333kW/m2


Radiation Level 12.5 Not Reached8.86562kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 32.9871 30.736435.1834ppm


Furthest Extent 13711.5 14.0144 12.333615.7387ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.55222 1.350171.87289ppm


Furthest Extent 13711.5 1.05119 1.031351.07998ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 36.636833.6284ppm


Furthest Extent 13711.5 16.050514.1668ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 2.257621.66463ppm


Furthest Extent 13711.5 1.093751.05626ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002A DESULPHURISATION REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 51.7 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1183.7764 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 14.0686 14.199713.9766s


LFL       (13711.5) 18.75 28.6832 37.250824.8601s


LFL Frac  (6855.75) 18.75 44.0175 66.46331.7287s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1 11s


LFL       (13711.5) 18.75 1 11s


LFL Frac  (6855.75) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 13.991814.0953s


LFL       (13711.5) 18.75 24.968529.1173s


LFL Frac  (6855.75) 18.75 32.113245.8535s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 11s


LFL       (13711.5) 18.75 11s


LFL Frac  (6855.75) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 85.1899 85.189985.1899kW/m2


Radiation Level 4 328.617 328.617328.617kW/m2


Radiation Level 12.5 178.972 178.972178.972kW/m2


Radiation Level 37.5 79.3838 79.383879.3838kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 85.189985.1899kW/m2


Radiation Level 4 328.617328.617kW/m2


Radiation Level 12.5 178.972178.972kW/m2


Radiation Level 37.5 79.383879.3838kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 44.0175 66.46331.7287ppm


Furthest Extent 13711.5 28.6832 37.250824.8601ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1 11ppm


Furthest Extent 13711.5 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 32.113245.8535ppm


Furthest Extent 13711.5 24.968529.1173ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 11ppm


Furthest Extent 13711.5 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002A DESULPHURISATION REACTOR\450C-002A DESULPHURISATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002B DESULPHURISATION REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1192.8779 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


6.26625E-001


3,600.00


268.04


23.85


361.78


0.89


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.26625E-001


3,600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 0.659616 0.6504480.667879s


LFL       (13711.5) 18.75 4.37662 3.931474.96605s


LFL Frac  (6855.75) 18.75 7.4044 6.296369.39153s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00001 1.000011.00001s


LFL       (13711.5) 18.75 1.00439 1.002871.00706s


LFL Frac  (6855.75) 18.75 1.01936 1.010191.04623s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 0.6680950.658568s


LFL       (13711.5) 18.75 4.9844.36424s


LFL Frac  (6855.75) 18.75 9.519397.36176s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.000011.00001s


LFL       (13711.5) 18.75 1.007371.00458s


LFL Frac  (6855.75) 18.75 1.051431.02072s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 11.4854 11.061711.7999kW/m2


Radiation Level 12.5 9.20394 9.099689.2518kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 11.799911.4854kW/m2


Radiation Level 12.5 9.25189.20394kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.72901 9.571334.21176kW/m2


Radiation Level 12.5 Not Reached 4.86547Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 4.211768.72901kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 7.4044 6.296369.39153ppm


Furthest Extent 13711.5 4.37662 3.931474.96605ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.01936 1.010191.04623ppm


Furthest Extent 13711.5 1.00439 1.002871.00706ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 9.519397.36176ppm


Furthest Extent 13711.5 4.9844.36424ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 1.051431.02072ppm


Furthest Extent 13711.5 1.007371.00458ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002B DESULPHURISATION REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1192.8779 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


5.46341E+000


600.00


268.04


23.85


361.78


0.89


0.08


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.46341E+000


600.00


23.85


361.78 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 319.18


 500.00


268.04


0.89


0.08


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.91257 1.868081.95582s


LFL       (13711.5) 18.75 14.0144 12.333615.7387s


LFL Frac  (6855.75) 18.75 32.9871 30.736435.1834s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1.00011 1.00011.00012s


LFL       (13711.5) 18.75 1.05119 1.031351.07998s


LFL Frac  (6855.75) 18.75 1.55222 1.350171.87289s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.957411.91041s


LFL       (13711.5) 18.75 16.050514.1668s


LFL Frac  (6855.75) 18.75 36.636833.6284s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 1.000121.00011s


LFL       (13711.5) 18.75 1.093751.05626s


LFL Frac  (6855.75) 18.75 2.257621.66463s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 25.3716 27.534324.0733kW/m2


Radiation Level 4 37.9108 37.571938.0831kW/m2


Radiation Level 12.5 30.8333 31.660930.0295kW/m2


Radiation Level 37.5 25.1585 27.098923.8717kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 24.073325.3716kW/m2


Radiation Level 4 38.083137.9108kW/m2


Radiation Level 12.5 30.029530.8333kW/m2


Radiation Level 37.5 23.871725.1585kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 25.4333 26.706917.9558kW/m2


Radiation Level 12.5 8.86562 14.9134Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 17.955825.4333kW/m2


Radiation Level 12.5 Not Reached8.86562kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 32.9871 30.736435.1834ppm


Furthest Extent 13711.5 14.0144 12.333615.7387ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1.55222 1.350171.87289ppm


Furthest Extent 13711.5 1.05119 1.031351.07998ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 36.636833.6284ppm


Furthest Extent 13711.5 16.050514.1668ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 2.257621.66463ppm


Furthest Extent 13711.5 1.093751.05626ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-002B DESULPHURISATION REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_HYDROGEN


Material to Track NAPHTHA_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 38.4 bar


Temperature 380 degC


Volume Inventory 59.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3278.2502 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 51.7 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2938.5679 m


North(1) -1192.8779 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,278.05 kg


- Pressure 39.41 bar


- Temperature  380.00 degC


Material NAPHTHA_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 267.48


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


84 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 14.0686 14.199713.9766s


LFL       (13711.5) 18.75 28.6832 37.250824.8601s


LFL Frac  (6855.75) 18.75 44.0175 66.46331.7287s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95125.6) 18.75 1 11s


LFL       (13711.5) 18.75 1 11s


LFL Frac  (6855.75) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 13.991814.0953s


LFL       (13711.5) 18.75 24.968529.1173s


LFL Frac  (6855.75) 18.75 32.113245.8535s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95125.6) 18.75 11s


LFL       (13711.5) 18.75 11s


LFL Frac  (6855.75) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 85.1899 85.189985.1899kW/m2


Radiation Level 4 328.617 328.617328.617kW/m2


Radiation Level 12.5 178.972 178.972178.972kW/m2


Radiation Level 37.5 79.3838 79.383879.3838kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 85.189985.1899kW/m2


Radiation Level 4 328.617328.617kW/m2


Radiation Level 12.5 178.972178.972kW/m2


Radiation Level 37.5 79.383879.3838kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 44.0175 66.46331.7287ppm


Furthest Extent 13711.5 28.6832 37.250824.8601ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6855.75 1 11ppm


Furthest Extent 13711.5 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 32.113245.8535ppm


Furthest Extent 13711.5 24.968529.1173ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6855.75 11ppm


Furthest Extent 13711.5 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-002B DESULPHURISATION REACTOR\450C-002B DESULPHURISATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Scenario
Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 754.00205 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2945.8491 m


North(1) -1167.3936 m


Material


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:
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Material Identifier SYNGAS


Material to Track SYNGAS


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 28.6 bar


Temperature 317 degC


Volume Inventory 110.3 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


2.06994E-001


3,600.00


704.77


15.94


233.30


0.87


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


2.06994E-001


3,600.00


704.77


15.94


233.30


0.87


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


2.06994E-001


3,600.00


704.77


15.94


233.30


0.87


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


2.06994E-001


3,600.00


704.77


15.94


233.30


0.87


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.06994E-001


3,600.00


15.94


233.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


704.77


0.87


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 0.0361556 0.03604730.0362515s


LFL       (57516.3) 18.75 3.06129 2.71013.55612s


LFL Frac  (28758.2) 18.75 5.28975 4.449996.88072s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 1 11s


LFL       (57516.3) 18.75 1.00835 1.005161.01452s


LFL Frac  (28758.2) 18.75 1.03439 1.0171.09142s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 0.03625670.0361279s


LFL       (57516.3) 18.75 3.573953.04687s


LFL Frac  (28758.2) 18.75 6.954635.24383s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 11s


LFL       (57516.3) 18.75 1.015451.00879s


LFL Frac  (28758.2) 18.75 1.102921.03739s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


94 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 5.28975 4.449996.88072ppm


Furthest Extent 57516.3 3.06129 2.71013.55612ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 1.03439 1.0171.09142ppm


Furthest Extent 57516.3 1.00835 1.005161.01452ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 6.954635.24383ppm


Furthest Extent 57516.3 3.573953.04687ppm


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 1.102921.03739ppm


Furthest Extent 57516.3 1.015451.00879ppm


96 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SYNGAS


Material to Track SYNGAS


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 28.6 bar


Temperature 317 degC


Volume Inventory 110.3 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 754.00205 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2945.8491 m


North(1) -1167.3936 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


1.25658E+000


600.00


704.77


15.94


233.30


0.87


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


1.25658E+000


600.00


704.77


15.94


233.30


0.87


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


1.25658E+000


600.00


704.77


15.94


233.30


0.87


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


101 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


1.25658E+000


600.00


704.77


15.94


233.30


0.87


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.25658E+000


600.00


15.94


233.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 274.46


 500.00


704.77


0.87


0.11


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 0.063058 0.06279230.0632927s


LFL       (57516.3) 18.75 6.9674 5.978598.59462s


LFL Frac  (28758.2) 18.75 15.1681 12.505418.6016s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 1 11s


LFL       (57516.3) 18.75 1.04171 1.024161.08562s


LFL Frac  (28758.2) 18.75 1.32116 1.145981.74428s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 0.06331290.0630082s


LFL       (57516.3) 18.75 8.686986.98018s


LFL Frac  (28758.2) 18.75 19.241615.5652s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 11s


LFL       (57516.3) 18.75 1.092461.04499s


LFL Frac  (28758.2) 18.75 1.945281.39079s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 16.394 17.008915.7889kW/m2


Radiation Level 12.5 12.832 12.83211.7731kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 15.788916.394kW/m2


Radiation Level 12.5 11.773112.832kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached 7.60264Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 15.1681 12.505418.6016ppm


Furthest Extent 57516.3 6.9674 5.978598.59462ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 1.32116 1.145981.74428ppm


Furthest Extent 57516.3 1.04171 1.024161.08562ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 19.241615.5652ppm


Furthest Extent 57516.3 8.686986.98018ppm


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 1.945281.39079ppm


Furthest Extent 57516.3 1.092461.04499ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SYNGAS


Material to Track SYNGAS


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 28.6 bar


Temperature 317 degC


Volume Inventory 110.3 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 754.00205 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2945.8491 m


North(1) -1167.3936 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-26.80


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-26.80


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-26.80


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-26.80


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 753.95 kg


- Pressure 29.61 bar


- Temperature  317.00 degC


Material SYNGAS


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-26.80


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


113 116 of Date: 9/26/2012 Time:  4:13:56PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 2.95639 2.956392.95639s


LFL       (57516.3) 18.75 17.0584 19.853915.586s


LFL Frac  (28758.2) 18.75 24.6148 32.851320.3628s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (854922) 18.75 1 11s


LFL       (57516.3) 18.75 1 11s


LFL Frac  (28758.2) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 2.956782.95654s


LFL       (57516.3) 18.75 15.566817.0347s


LFL Frac  (28758.2) 18.75 20.331824.7002s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (854922) 18.75 11s


LFL       (57516.3) 18.75 11s


LFL Frac  (28758.2) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 108.517 108.517108.517kW/m2


Radiation Level 12.5 44.6519 44.651944.6519kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 108.517108.517kW/m2


Radiation Level 12.5 44.651944.6519kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 24.6148 32.851320.3628ppm


Furthest Extent 57516.3 17.0584 19.853915.586ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 28758.2 1 11ppm


Furthest Extent 57516.3 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 20.331824.7002ppm


Furthest Extent 57516.3 15.566817.0347ppm


F 1,5 m/sE 5 m/s


Furthest Extent 28758.2 11ppm


Furthest Extent 57516.3 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-450 HYDROGEN GENERATION UNIT\450C-201 MEDIUM TEMPERATURE SHIFT REACTOR\450C-201 MEDIUM TEMPERAURE SHIFT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-430 SULPHUR RECOVERY UNIT


430C-001 FIRST CLAUS REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.34392E-002


3,600.00


1.30


215.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


459.92


0.79


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.0712383 0.07137320.07112s


LFL Frac  (234973) 18.75 0.120234 0.1214920.1191s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.07114190.0712309s


LFL Frac  (234973) 18.75 0.119280.120133s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


7 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.120234 0.1214920.1191ppm


Furthest Extent 469945 0.0712383 0.07137320.07112ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.119280.120133ppm


Furthest Extent 469945 0.07114190.0712309ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-001 FIRST CLAUS REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.26341E-001


600.00


1.30


215.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


459.92


0.79


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.16358 0.1642620.162984s


LFL Frac  (234973) 18.75 0.481344 0.4829130.479965s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.20001 9.200019.20001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.1631920.163547s


LFL Frac  (234973) 18.75 0.4801590.480951s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.200019.20001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.481344 0.4829130.479965ppm


Furthest Extent 469945 0.16358 0.1642620.162984ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.20001 9.200019.20001ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.4801590.480951ppm


Furthest Extent 469945 0.1631920.163547ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.200019.20001ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-001 FIRST CLAUS REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (469945) 18.75 3.5272 3.52723.5272s


LFL Frac  (234973) 18.75 4.88477 4.884774.88477s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 9.2 9.29.2s


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (469945) 18.75 3.527493.52756s


LFL Frac  (234973) 18.75 4.885174.88527s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 9.29.2s


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 4.88477 4.884774.88477ppm


Furthest Extent 469945 3.5272 3.52723.5272ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 4.885174.88527ppm


Furthest Extent 469945 3.527493.52756ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-001 FIRST CLAUS REACTOR\430C-001 FIRST CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-002 SECOND CLAUS REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.38138E-002


3,600.00


1.24


154.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


34 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


431.17


0.78


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.072373 0.07252120.0722432s


LFL Frac  (234973) 18.75 0.130025 0.1312840.128906s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.07226670.0723653s


LFL Frac  (234973) 18.75 0.1290910.12994s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.130025 0.1312840.128906ppm


Furthest Extent 469945 0.072373 0.07252120.0722432ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.1290910.12994ppm


Furthest Extent 469945 0.07226670.0723653ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-002 SECOND CLAUS REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.65798E-001


600.00


1.24


154.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


431.17


0.78


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.179719 0.1804250.179103s


LFL Frac  (234973) 18.75 0.530634 0.532670.528821s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.20001 9.200019.20001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.1793130.179683s


LFL Frac  (234973) 18.75 0.5293360.5301s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.200019.20001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.530634 0.532670.528821ppm


Furthest Extent 469945 0.179719 0.1804250.179103ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.20001 9.200019.20001ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.5293360.5301ppm


Furthest Extent 469945 0.1793130.179683ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.200019.20001ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-002 SECOND CLAUS REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


50 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2537.0824 m


North(1) -1087.187 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (469945) 18.75 3.48672 3.486723.48672s


LFL Frac  (234973) 18.75 4.8287 4.82874.8287s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 9.2 9.29.2s


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (469945) 18.75 3.487063.48711s


LFL Frac  (234973) 18.75 4.829174.82925s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 9.29.2s


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 4.8287 4.82874.8287ppm


Furthest Extent 469945 3.48672 3.486723.48672ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 4.829174.82925ppm


Furthest Extent 469945 3.487063.48711ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-002 SECOND CLAUS REACTOR\430C-002 SECOND CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-051 FIRST CLAUS REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


61 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


2.34392E-002


3,600.00


459.92


1.30


215.93


0.79


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.34392E-002


3,600.00


1.30


215.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


459.92


0.79


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.0712383 0.07137320.07112s


LFL Frac  (234973) 18.75 0.120234 0.1214920.1191s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.07114190.0712309s


LFL Frac  (234973) 18.75 0.119280.120133s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.120234 0.1214920.1191ppm


Furthest Extent 469945 0.0712383 0.07137320.07112ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.119280.120133ppm


Furthest Extent 469945 0.07114190.0712309ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-051 FIRST CLAUS REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


4.26341E-001


600.00


459.92


1.30


215.93


0.79


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.26341E-001


600.00


1.30


215.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 200.40


 500.00


459.92


0.79


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


74 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.16358 0.1642620.162984s


LFL Frac  (234973) 18.75 0.481344 0.4829130.479965s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.20001 9.200019.20001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.1631920.163547s


LFL Frac  (234973) 18.75 0.4801590.480951s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.200019.20001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.481344 0.4829130.479965ppm


Furthest Extent 469945 0.16358 0.1642620.162984ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.20001 9.200019.20001ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.4801590.480951ppm


Furthest Extent 469945 0.1631920.163547ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.200019.20001ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-051 FIRST CLAUS REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 300 degC


Volume Inventory 195 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 256.04331 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 255.80 kg


- Pressure 2.41 bar


- Temperature  300.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 185.76


 270.05


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (469945) 18.75 3.5272 3.52723.5272s


LFL Frac  (234973) 18.75 4.88477 4.884774.88477s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 9.2 9.29.2s


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (469945) 18.75 3.527493.52756s


LFL Frac  (234973) 18.75 4.885174.88527s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 9.29.2s


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 4.88477 4.884774.88477ppm


Furthest Extent 469945 3.5272 3.52723.5272ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 4.885174.88527ppm


Furthest Extent 469945 3.527493.52756ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-051 FIRST CLAUS REACTOR\430C-051 FIRST CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-052 SECOND CLAUS REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


2.38138E-002


3,600.00


431.17


1.24


154.87


0.78


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.38138E-002


3,600.00


1.24


154.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


431.17


0.78


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.072373 0.07252120.0722432s


LFL Frac  (234973) 18.75 0.130025 0.1312840.128906s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.07226670.0723653s


LFL Frac  (234973) 18.75 0.1290910.12994s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Phast Risk 6.7


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.130025 0.1312840.128906ppm


Furthest Extent 469945 0.072373 0.07252120.0722432ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.1290910.12994ppm


Furthest Extent 469945 0.07226670.0723653ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


430C-052 SECOND CLAUS REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:
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Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


4.65798E-001


600.00


431.17


1.24


154.87


0.78


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.65798E-001


600.00


1.24


154.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 133.00


 489.34


431.17


0.78


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 0.179719 0.1804250.179103s


LFL Frac  (234973) 18.75 0.530634 0.532670.528821s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.20001 9.200019.20001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 0.1793130.179683s


LFL Frac  (234973) 18.75 0.5293360.5301s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.200019.20001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Phast Risk 6.7


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 0.530634 0.532670.528821ppm


Furthest Extent 469945 0.179719 0.1804250.179103ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.20001 9.200019.20001ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 0.5293360.5301ppm


Furthest Extent 469945 0.1793130.179683ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.200019.20001ppm


Furthest Extent 469945 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


430C-052 SECOND CLAUS REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier CLAUS_INLET


Material to Track CLAUS_INLET


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 230 degC


Volume Inventory 195 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 279.75096 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2513.863 m


North(1) -1129.5877 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 279.48 kg


- Pressure 2.31 bar


- Temperature  230.00 degC


Material CLAUS_INLET


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


112 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 132.83


 241.77


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (469945) 18.75 3.48672 3.486723.48672s


LFL Frac  (234973) 18.75 4.8287 4.82874.8287s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 9.2 9.29.2s


LFL       (469945) 18.75 9.2 9.29.2s


LFL Frac  (234973) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (469945) 18.75 3.487063.48711s


LFL Frac  (234973) 18.75 4.829174.82925s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 9.29.2s


LFL       (469945) 18.75 9.29.2s


LFL Frac  (234973) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


114 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 4.8287 4.82874.8287ppm


Furthest Extent 469945 3.48672 3.486723.48672ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 234973 9.2 9.29.2ppm


Furthest Extent 469945 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 234973 4.829174.82925ppm


Furthest Extent 469945 3.487063.48711ppm


F 1,5 m/sE 5 m/s


Furthest Extent 234973 9.29.2ppm


Furthest Extent 469945 9.29.2ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-052 SECOND CLAUS REACTOR\430C-052 SECOND CLAUS REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-101 HYDROGENATION REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 0.7 bar


Temperature 56 degC


Volume Inventory 127.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 114659.74 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2487.6149 m


North(1) -1068.5106 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


5.90876E-001


3,600.00


13.95


1.01


55.99


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


5.90876E-001


3,600.00


13.95


1.01


55.99


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


5.90876E-001


3,600.00


13.95


1.01


55.99


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


120 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


5.90876E-001


3,600.00


13.95


1.01


55.99


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.90876E-001


3,600.00


1.01


55.99 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


13.95


0.60


0.03


fraction


degC


m/s


m/s


m


um 3,330.74


 0.96


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.846574 0.845710.848149fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 874.681 861.423898.501s


Pool Vaporization Rate 0.105431 0.113980.0914939kg/s


Total Vapor Flowrate 0.196087 0.2051460.181219kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 441.195 436.378448.389s


Pool Vaporization Rate 0.209475 0.2255820.18344kg/s


Total Vapor Flowrate 0.30013 0.3167480.273164kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 363.075 362.762365.001s


Pool Vaporization Rate 0.254986 0.2715850.226321kg/s


Total Vapor Flowrate 0.345642 0.3627510.316046kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 622.65 629.06618.585s


Pool Vaporization Rate 0.296039 0.3142960.266704kg/s


Total Vapor Flowrate 0.386694 0.4054620.356429kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1298.4 1310.381269.52s


Pool Vaporization Rate 0.353888 0.3728710.322483kg/s


Total Vapor Flowrate 0.444544 0.4640370.412208kg/s


Maximum Pool Radius 7.65682 7.379538.09797m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.8480590.84638fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 915.063880.606s


Pool Vaporization Rate 0.08502930.10285kg/s


Total Vapor Flowrate 0.1748080.19362kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 450.24442.535s


Pool Vaporization Rate 0.1725340.205075kg/s


Total Vapor Flowrate 0.2623120.295845kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 367.338361.962s


Pool Vaporization Rate 0.212360.250571kg/s


Total Vapor Flowrate 0.3021380.341341kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 614.762623.7s


Pool Vaporization Rate 0.2537240.291406kg/s


Total Vapor Flowrate 0.3435030.382176kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1031.111291.2s
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Pool Vaporization Rate 0.303220.349172kg/s


Total Vapor Flowrate 0.3929980.439942kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 221.484s


Pool Vaporization Rate 0.333733kg/s


Total Vapor Flowrate 0.423511kg/s


Maximum Pool Radius 8.287427.72795m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.53162 2.57512.62881s


LFL Frac  (238348) 18.75 4.37094 4.37774.76293s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 9.06826 9.090569.01394s


LFL Frac  (238348) 18.75 8.87579 8.977878.53276s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.597722.48347s


LFL Frac  (238348) 18.75 4.692234.28101s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 9.017379.07273s


LFL Frac  (238348) 18.75 8.544048.88648s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 4.37094 4.37774.76293ppm


Furthest Extent 476697 2.53162 2.57512.62881ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 8.87579 8.977878.53276ppm


Furthest Extent 476697 9.06826 9.090569.01394ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 4.692234.28101ppm


Furthest Extent 476697 2.597722.48347ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 8.544048.88648ppm


Furthest Extent 476697 9.017379.07273ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-101 HYDROGENATION REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Risk
Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 114659.74 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2487.6149 m


North(1) -1068.5106 m


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 0.7 bar


Temperature 56 degC


Volume Inventory 127.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:
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Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


1.91100E+002


600.00


13.95


1.01


55.99


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


1.91100E+002


600.00


13.95


1.01


55.99


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


1.91100E+002


600.00


13.95


1.01


55.99


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


1.91100E+002


600.00


13.95


1.01


55.99


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 3,330.74


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.91100E+002


600.00


1.01


55.99 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 13.95


13.95


0.60


0.13


fraction


degC


m/s


m/s


m


um 3,330.74


 0.96


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.871563 0.8651530.881946fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 220.522 222.756218.301s


Pool Vaporization Rate 8.6434 9.118527.71476kg/s


Total Vapor Flowrate 33.1876 34.887730.2749kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 98.1 98.5597.65s


Pool Vaporization Rate 19.3705 20.582717.2578kg/s


Total Vapor Flowrate 43.9147 46.351839.8179kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 81.3775 81.781.055s


Pool Vaporization Rate 23.349 24.81420.8907kg/s


Total Vapor Flowrate 47.8932 50.583143.4508kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 139.401 139.884137.76s


Pool Vaporization Rate 27.407 29.218924.4716kg/s


Total Vapor Flowrate 51.9512 54.98847.0317kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 125.989 127.67125.474s


Pool Vaporization Rate 30.2162 32.114927.1373kg/s


Total Vapor Flowrate 54.7604 57.88449.6974kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 74.2 74.4872.5656s


Pool Vaporization Rate 25.7124 27.424723.2011kg/s


Total Vapor Flowrate 30.2162 32.114927.1373kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 80.9825 76.965674.925s


Pool Vaporization Rate 22.8159 24.632820.5304kg/s


Total Vapor Flowrate 25.7124 27.424723.2011kg/s


Release Segment 1 Cloud Segment 8


Cloud Segment Duration 2779.43 2777.992792.27s


Pool Vaporization Rate 12.0249 13.316410.3802kg/s


Total Vapor Flowrate 22.8159 24.632820.5304kg/s


Maximum Pool Radius 76.8427 76.204577.9398m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.8823450.871502fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 219.04221.266s


Pool Vaporization Rate 6.874048.30336kg/s


Total Vapor Flowrate 29.357832.8592kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 96.022598.25s
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Pool Vaporization Rate 15.665118.7634kg/s


Total Vapor Flowrate 38.148843.3192kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 78.9681.485s


Pool Vaporization Rate 19.08222.6821kg/s


Total Vapor Flowrate 41.565747.2379kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 134.977138.4s


Pool Vaporization Rate 22.427726.6571kg/s


Total Vapor Flowrate 44.911451.213kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 119.726125.989s


Pool Vaporization Rate 25.323529.4631kg/s


Total Vapor Flowrate 47.807254.019kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 67.92572.8406s


Pool Vaporization Rate 22.439125.258kg/s


Total Vapor Flowrate 25.323529.4631kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 68.575.195s


Pool Vaporization Rate 20.061822.5673kg/s


Total Vapor Flowrate 22.439125.258kg/s


Release Segment 1 Cloud Segment 8


Cloud Segment Duration 2814.852786.57s


Pool Vaporization Rate 10.156411.9413kg/s


Total Vapor Flowrate 20.061822.5673kg/s


Maximum Pool Radius 78.386977.0129m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 16.9435 14.673916.7011s


LFL Frac  (238348) 18.75 17.6456 18.940125.4498s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 3.21451 5.515352.42585s


LFL Frac  (238348) 18.75 2.75971 3.901330.102233s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 16.576416.7793s


LFL Frac  (238348) 18.75 25.456217.3822s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.341733.12538s


LFL Frac  (238348) 18.75 0.1705532.70244s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 157.287 152.377Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached157.32kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 17.6456 18.940125.4498ppm


Furthest Extent 476697 16.9435 14.673916.7011ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 2.75971 3.901330.102233ppm


Furthest Extent 476697 3.21451 5.515352.42585ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 25.456217.3822ppm


Furthest Extent 476697 16.576416.7793ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.1705532.70244ppm


Furthest Extent 476697 2.341733.12538ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430C-101 HYDROGENATION REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 0.7 bar


Temperature 56 degC


Volume Inventory 127.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 9.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 114659.74 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2487.6149 m


North(1) -1068.5106 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.48


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 406.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 406.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.86


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 406.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.87


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 406.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 114,659.76 kg


- Pressure 1.71 bar


- Temperature  56.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 406.27


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 29.7492 29.749229.7492s


LFL Frac  (238348) 18.75 41.4618 43.124741.3887s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 9.2 9.29.2s


LFL       (476697) 18.75 9.2 9.29.2s


LFL Frac  (238348) 18.75 9.2 9.29.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 29.748429.7469s


LFL Frac  (238348) 18.75 41.404341.7394s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 9.29.2s


LFL       (476697) 18.75 9.29.2s


LFL Frac  (238348) 18.75 9.29.2s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 41.4618 43.124741.3887ppm


Furthest Extent 476697 29.7492 29.749229.7492ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 9.2 9.29.2ppm


Furthest Extent 476697 9.2 9.29.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 41.404341.7394ppm


Furthest Extent 476697 29.748429.7469ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 9.29.2ppm


Furthest Extent 476697 9.29.2ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430C-101 HYDROGENATION REACTOR\430C-101 HYDROGENATION REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


153 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


430D-004 SWS ACID GAS KO DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR GAS-40


Material to Track SOUR GAS-40


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.7 bar


Temperature 82 degC


Volume Inventory 5 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 10.064107 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2532.5394 m


North(1) -1097.2824 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


3.11594E-002


322.72


391.48


1.48


34.21


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


3.11594E-002


322.72


391.48


1.48


34.21


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


3.11594E-002


322.72


391.48


1.48


34.21


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


3.11594E-002


322.72


391.48


1.48


34.21


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.11594E-002


322.72


1.48


34.21 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


391.48


0.80


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (169962) 18.75 0.266854 0.2642540.269238s


LFL Frac  (84980.9) 18.75 0.568687 0.5523730.584377s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (169962) 18.75 1 11s


LFL Frac  (84980.9) 18.75 1.00001 1.000011.00001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (169962) 18.75 0.2691350.266193s


LFL Frac  (84980.9) 18.75 0.5840470.566529s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (169962) 18.75 11s


LFL Frac  (84980.9) 18.75 1.000011.00001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


162 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 0.568687 0.5523730.584377ppm


Furthest Extent 169962 0.266854 0.2642540.269238ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 1.00001 1.000011.00001ppm


Furthest Extent 169962 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 0.5840470.566529ppm


Furthest Extent 169962 0.2691350.266193ppm


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 1.000011.00001ppm


Furthest Extent 169962 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430D-004 SWS ACID GAS KO DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR GAS-40


Material to Track SOUR GAS-40


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.7 bar


Temperature 82 degC


Volume Inventory 5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 10.064107 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2532.5394 m


North(1) -1097.2824 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


1.67594E-002


600.00


391.48


1.48


34.21


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


1.67594E-002


600.00


391.48


1.48


34.21


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


1.67594E-002


600.00


391.48


1.48


34.21


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


1.67594E-002


600.00


391.48


1.48


34.21


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.67594E-002


600.00


1.48


34.21 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


168 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 8.13


 485.20


391.48


0.80


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (169962) 18.75 0.194351 0.1933050.195305s


LFL Frac  (84980.9) 18.75 0.420362 0.4081330.432107s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (169962) 18.75 1 11s


LFL Frac  (84980.9) 18.75 1.00001 1.000011.00001s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (169962) 18.75 0.1952290.193998s


LFL Frac  (84980.9) 18.75 0.4316250.418333s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (169962) 18.75 11s


LFL Frac  (84980.9) 18.75 1.000011.00001s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


172 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 0.420362 0.4081330.432107ppm


Furthest Extent 169962 0.194351 0.1933050.195305ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 1.00001 1.000011.00001ppm


Furthest Extent 169962 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 0.4316250.418333ppm


Furthest Extent 169962 0.1952290.193998ppm


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 1.000011.00001ppm


Furthest Extent 169962 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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430D-004 SWS ACID GAS KO DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR GAS-40


Material to Track SOUR GAS-40


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.7 bar


Temperature 82 degC


Volume Inventory 5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 10.064107 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


174 182 of Date: 9/26/2012 Time:  4:13:11PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2532.5394 m


North(1) -1097.2824 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 7.50


 261.57


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 7.50


 261.57


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 7.50


 261.57


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 7.50


 261.57


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 10.06 kg


- Pressure 2.71 bar


- Temperature  82.00 degC


Material SOUR GAS-40


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 7.50


 261.57


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (169962) 18.75 1.85252 2.05351.78768s


LFL Frac  (84980.9) 18.75 2.83299 3.777562.38879s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (169962) 18.75 1 11s


LFL Frac  (84980.9) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (169962) 18.75 1.775681.82526s


LFL Frac  (84980.9) 18.75 2.341022.67435s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (169962) 18.75 11s


LFL Frac  (84980.9) 18.75 11s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 9.38554 9.385549.38554kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 9.385549.38554kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 2.83299 3.777562.38879ppm


Furthest Extent 169962 1.85252 2.05351.78768ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 84980.9 1 11ppm


Furthest Extent 169962 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 2.341022.67435ppm


Furthest Extent 169962 1.775681.82526ppm


F 1,5 m/sE 5 m/s


Furthest Extent 84980.9 11ppm


Furthest Extent 169962 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-430 SULPHUR RECOVERY UNIT\430D-004 SWS ACID GAS KO DRUM\430D-004 SWS ACID GAS KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-415 MEROX UCRT


415D-002 SAND FILTER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19 bar


Temperature 38 degC


Volume Inventory 6.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3433.4383 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.5652 m


North(1) -1270.7884 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


2.14111E+000


1,603.58


90.77


1.01


36.19


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


2.14111E+000


1,603.58


90.77


1.01


36.19


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


2.14111E+000


1,603.58


90.77


1.01


36.19


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


2.14111E+000


1,603.58


90.77


1.01


36.19


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.14111E+000


1,603.58


1.01


36.19 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


90.77


0.60


0.02


fraction


degC


m/s


m/s


m


um 108.56


 0.62


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 3.40245 3.211383.59745s


LFL       (18181.8) 18.75 13.5908 10.488317.1258s


LFL Frac  (9090.91) 18.75 34.947 27.432639.7827s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.997628 0.9980770.997117s


LFL       (18181.8) 18.75 0.917291 0.9598890.836674s


LFL Frac  (9090.91) 18.75 0.680747 0.8593850.275906s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.60053.39227s


LFL       (18181.8) 18.75 17.739313.9357s


LFL Frac  (9090.91) 18.75 44.304337.2443s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9970670.997591s


LFL       (18181.8) 18.75 0.8066580.906881s


LFL Frac  (9090.91) 18.75 00.558626s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.9765 18.825124.7832kW/m2


Radiation Level 4 31.9704 31.280236.1757kW/m2


Radiation Level 12.5 24.2759 23.284328.9193kW/m2


Radiation Level 37.5 19.7485 18.587124.5579kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 24.783219.9765kW/m2


Radiation Level 4 36.175731.9704kW/m2


Radiation Level 12.5 28.919324.2759kW/m2


Radiation Level 37.5 24.557919.7485kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 5.55725 9.65924Not ReachedkW/m2


Radiation Level 4 22.6 23.695823.8432kW/m2


Radiation Level 12.5 13.3456 15.15169.75469kW/m2


Radiation Level 37.5 Not Reached 9.44592Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached5.55725kW/m2


Radiation Level 4 23.843222.6kW/m2


Radiation Level 12.5 9.7546913.3456kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 34.947 27.432639.7827ppm


Furthest Extent 18181.8 13.5908 10.488317.1258ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.680747 0.8593850.275906ppm


Furthest Extent 18181.8 0.917291 0.9598890.836674ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 44.304337.2443ppm


Furthest Extent 18181.8 17.739313.9357ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.558626ppm


Furthest Extent 18181.8 0.8066580.906881ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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415D-002 SAND FILTER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19 bar


Temperature 38 degC


Volume Inventory 6.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3433.4383 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.5652 m


North(1) -1270.7884 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


5.72240E+000


600.00


90.77


1.01


36.19


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


5.72240E+000


600.00


90.77


1.01


36.19


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


5.72240E+000


600.00


90.77


1.01


36.19


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


5.72240E+000


600.00


90.77


1.01


36.19


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 108.56


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.72240E+000


600.00


1.01


36.19 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 216.08


90.77


0.60


0.11


fraction


degC


m/s


m/s


m


um 108.56


 0.62


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 5.47337 5.097035.8443s


LFL       (18181.8) 18.75 29.8755 25.963632.7107s


LFL Frac  (9090.91) 18.75 75.3018 64.75276.2897s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.993791 0.9951490.99232s


LFL       (18181.8) 18.75 0.79196 0.877750.654135s


LFL Frac  (9090.91) 18.75 0.107303 0.5947060s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 5.852835.46037s


LFL       (18181.8) 18.75 34.270830.8567s


LFL Frac  (9090.91) 18.75 83.333976.8554s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9921840.993685s


LFL       (18181.8) 18.75 0.493030.746102s


LFL Frac  (9090.91) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 31.2921 29.533838.6632kW/m2


Radiation Level 4 50.3477 49.32256.7416kW/m2


Radiation Level 12.5 38.0997 36.590445.1925kW/m2


Radiation Level 37.5 30.9313 29.160638.3108kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 38.663231.2921kW/m2


Radiation Level 4 56.741650.3477kW/m2


Radiation Level 12.5 45.192538.0997kW/m2


Radiation Level 37.5 38.310830.9313kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 8.50701 14.4361Not ReachedkW/m2


Radiation Level 4 33.7296 35.704338.2218kW/m2


Radiation Level 12.5 20.0513 22.356417.2711kW/m2


Radiation Level 37.5 6.98923 14.0681Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached8.50701kW/m2


Radiation Level 4 38.221833.7296kW/m2


Radiation Level 12.5 17.271120.0513kW/m2


Radiation Level 37.5 Not Reached6.98923kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 75.3018 64.75276.2897ppm


Furthest Extent 18181.8 29.8755 25.963632.7107ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.107303 0.5947060ppm


Furthest Extent 18181.8 0.79196 0.877750.654135ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 83.333976.8554ppm


Furthest Extent 18181.8 34.270830.8567ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 0.493030.746102ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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415D-002 SAND FILTER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19 bar


Temperature 38 degC


Volume Inventory 6.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3433.4383 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 47.6 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.5652 m


North(1) -1270.7884 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 197.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 94.38


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 197.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 94.38


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 197.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 94.38


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 197.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 94.38


 0.62


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,433.44 kg


- Pressure 20.01 bar


- Temperature  38.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 197.62


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 94.38


 0.62


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 16.2987 21.026713.3151s


LFL       (18181.8) 18.75 66.0666 110.88228.674s


LFL Frac  (9090.91) 18.75 177.286 238.953103.453s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 1.02665e-006 0.2182151s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 13.381416.4873s


LFL       (18181.8) 18.75 29.560669.3454s


LFL Frac  (9090.91) 18.75 97.9763182.664s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 11e-006s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 90.2103 90.210390.2103kW/m2


Radiation Level 4 340.89 340.89340.89kW/m2


Radiation Level 12.5 186.35 186.35186.35kW/m2


Radiation Level 37.5 84.3342 84.334284.3342kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 90.210390.2103kW/m2


Radiation Level 4 340.89340.89kW/m2


Radiation Level 12.5 186.35186.35kW/m2


Radiation Level 37.5 84.334284.3342kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 177.286 238.953103.453ppm


Furthest Extent 18181.8 66.0666 110.88228.674ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 1.02665e-006 0.2182151ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 97.9763182.664ppm


Furthest Extent 18181.8 29.560669.3454ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 11e-006ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-415 MEROX UCRT\415D-002 SAND FILTER\415D-002 SAND FILTER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-190 DELAYED COCKER UNIT


190C-201 ABSORBER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 13.7 bar


Temperature 53 degC


Volume Inventory 10.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 6469.1929 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3135.897 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.99105E+000


3,249.14


69.12


1.01


52.34


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.99105E+000


3,249.14


69.12


1.01


52.34


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.99105E+000


3,249.14


69.12


1.01


52.34


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.99105E+000


3,249.14


69.12


1.01


52.34


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.99105E+000


3,249.14


1.01


52.34 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


69.12


0.60


0.03


fraction


degC


m/s


m/s


m


um 470.19


 0.64


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3249.14 3249.143249.14s


Liquid Rainout 0.359753 0.3527880.368248fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 497.29 485.101505.126s


Pool Vaporization Rate 0.495219 0.5001280.476659kg/s


Total Vapor Flowrate 1.76998 1.788761.73451kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2751.71 2758.22642.08s


Pool Vaporization Rate 0.713735 0.7013780.727659kg/s


Total Vapor Flowrate 1.9885 1.990011.98551kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 351 356.697452.79s


Pool Vaporization Rate 0.19063 0.1961620.313317kg/s


Total Vapor Flowrate 1.46539 1.484791.57117kg/s


Maximum Pool Radius 3.28684 3.068013.64769m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 3249.143249.14s


Liquid Rainout 0.368850.360349fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 525.556499.523s


Pool Vaporization Rate 0.4713720.492592kg/s


Total Vapor Flowrate 1.728021.76617kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 2717.752749.48s


Pool Vaporization Rate 0.7284380.714728kg/s


Total Vapor Flowrate 1.985091.9883kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 356.697351s


Pool Vaporization Rate 0.2077570.193756kg/s


Total Vapor Flowrate 1.464411.46733kg/s


Maximum Pool Radius 3.776943.33037m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.29148 3.833094.92343s


LFL       (13846) 18.75 20.2815 13.411929.8097s


LFL Frac  (6923.02) 18.75 43.4577 30.381572.8684s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.971071 0.9803430.954428s


LFL       (13846) 18.75 0.566685 0.8273570s


LFL Frac  (6923.02) 18.75 0.100857 0.6721140s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 4.934224.26025s


LFL       (13846) 18.75 35.522122.3018s


LFL Frac  (6923.02) 18.75 76.032443.1057s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.9525660.970184s


LFL       (13846) 18.75 00.414157s


LFL Frac  (6923.02) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 21.0917 19.829725.7939kW/m2


Radiation Level 4 35.4427 34.22539.3928kW/m2


Radiation Level 12.5 26.238 24.973230.7235kW/m2


Radiation Level 37.5 20.8187 19.55725.5261kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 25.793921.0917kW/m2


Radiation Level 4 39.392835.4427kW/m2


Radiation Level 12.5 30.723526.238kW/m2


Radiation Level 37.5 25.526120.8187kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 10.8325 12.1977Not ReachedkW/m2


Radiation Level 4 27.3669 25.238227.9428kW/m2


Radiation Level 12.5 17.0539 17.053515.1099kW/m2


Radiation Level 37.5 10.5663 11.9182Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached10.8325kW/m2


Radiation Level 4 27.942827.3669kW/m2


Radiation Level 12.5 15.109917.0539kW/m2


Radiation Level 37.5 Not Reached10.5663kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.5746 15.679313.3189kW/m2


Radiation Level 4 26.1816 26.539725.4029kW/m2


Radiation Level 12.5 20.4895 21.531519.0404kW/m2


Radiation Level 37.5 14.0486 15.041713.0024kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 13.159514.2411kW/m2


Radiation Level 4 25.246425.8543kW/m2


Radiation Level 12.5 18.880620.1594kW/m2


Radiation Level 37.5 12.83913.7107kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.5011 15.469613.646kW/m2


Radiation Level 4 29.9493 29.719429.7573kW/m2


Radiation Level 12.5 23.0329 23.586921.1671kW/m2


Radiation Level 37.5 13.9898 14.727213.646kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 13.611214.1593kW/m2


Radiation Level 4 29.945529.7638kW/m2


Radiation Level 12.5 21.148722.7972kW/m2


Radiation Level 37.5 13.611213.3843kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 43.4577 30.381572.8684ppm


Furthest Extent 13846 20.2815 13.411929.8097ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 0.100857 0.6721140ppm


Furthest Extent 13846 0.566685 0.8273570ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 76.032443.1057ppm


Furthest Extent 13846 35.522122.3018ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 00ppm


Furthest Extent 13846 00.414157ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190C-201 ABSORBER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 13.7 bar


Temperature 53 degC


Volume Inventory 10.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 6469.1929 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3135.897 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.07820E+001


600.00


69.12


1.01


52.34


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.07820E+001


600.00


69.12


1.01


52.34


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.07820E+001


600.00


69.12


1.01


52.34


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


1.07820E+001


600.00


69.12


1.01


52.34


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 470.19


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.07820E+001


600.00


1.01


52.34 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 69.12


69.12


0.60


0.15


fraction


degC


m/s


m/s


m


um 470.19


 0.64


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.373669 0.3666690.38166fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 141.016 138.651145.806s


Pool Vaporization Rate 1.30427 1.356831.20765kg/s


Total Vapor Flowrate 8.05736 8.18547.87458kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 78.0244 77.439479.1944s


Pool Vaporization Rate 2.37209 2.447292.23352kg/s


Total Vapor Flowrate 9.12519 9.275868.90046kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 189 248.313129.381s


Pool Vaporization Rate 2.92721 3.053332.72539kg/s


Total Vapor Flowrate 9.6803 9.881919.39232kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 221.72 165.358275.379s


Pool Vaporization Rate 3.2893 3.342843.1617kg/s


Total Vapor Flowrate 10.0424 10.17149.82863kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 2970.24 2535.462970.24s


Pool Vaporization Rate 0.257627 0.2695140.297448kg/s


Total Vapor Flowrate 3.2893 3.342843.1617kg/s


Maximum Pool Radius 8.64745 8.217719.27988m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.3821740.374197fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 148.231142.206s


Pool Vaporization Rate 1.155981.28883kg/s


Total Vapor Flowrate 7.817378.03623kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 79.02577.575s


Pool Vaporization Rate 2.168792.35215kg/s


Total Vapor Flowrate 8.830189.09955kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 129.01189.27s


Pool Vaporization Rate 2.66172.9128kg/s


Total Vapor Flowrate 9.323099.6602kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 273.494220.709s


Pool Vaporization Rate 3.119763.28073kg/s


Total Vapor Flowrate 9.7811510.0281kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 2970.242970.24s
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Pool Vaporization Rate 0.3102570.262244kg/s


Total Vapor Flowrate 3.119763.28073kg/s


Maximum Pool Radius 9.484998.72336m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 9.36578 7.9289518.761s


LFL       (13846) 18.75 68.939 56.40779.985s


LFL Frac  (6923.02) 18.75 105.316 90.8705171.344s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.867048 0.9177620s


LFL       (13846) 18.75 0 0.2516310s


LFL Frac  (6923.02) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 28.71029.37656s


LFL       (13846) 18.75 102.69668.945s


LFL Frac  (6923.02) 18.75 178.072101.693s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 00.861446s


LFL       (13846) 18.75 00s


LFL Frac  (6923.02) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 45.0793 42.475854.7015kW/m2


Radiation Level 4 76.8235 74.336584.7555kW/m2


Radiation Level 12.5 56.4049 53.809365.5193kW/m2


Radiation Level 37.5 44.481 41.881754.12kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 54.701545.0793kW/m2


Radiation Level 4 84.755576.8235kW/m2


Radiation Level 12.5 65.519356.4049kW/m2


Radiation Level 37.5 54.1244.481kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 21.2263 22.61882.73893kW/m2


Radiation Level 4 54.1456 51.111658.1253kW/m2


Radiation Level 12.5 32.8042 33.578231.7542kW/m2


Radiation Level 37.5 20.6014 21.89922.11816kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 2.7389321.2263kW/m2


Radiation Level 4 58.125354.1456kW/m2


Radiation Level 12.5 31.754232.8042kW/m2


Radiation Level 37.5 2.1181620.6014kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.7915 20.139819.7702kW/m2


Radiation Level 4 40.2738 41.032238.2818kW/m2


Radiation Level 12.5 30.8298 32.52626.5759kW/m2


Radiation Level 37.5 19.7915 20.139819.7702kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 19.554219.4842kW/m2


Radiation Level 4 38.068839.9714kW/m2


Radiation Level 12.5 26.359230.5224kW/m2


Radiation Level 37.5 19.554219.4842kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 46.4559 47.163243.9156kW/m2


Radiation Level 12.5 29.8545 32.012526.4694kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 43.996446.3031kW/m2


Radiation Level 12.5 26.291529.4665kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 105.316 90.8705171.344ppm


Furthest Extent 13846 68.939 56.40779.985ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 0 00ppm


Furthest Extent 13846 0 0.2516310ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 178.072101.693ppm


Furthest Extent 13846 102.69668.945ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 00ppm


Furthest Extent 13846 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190C-201 ABSORBER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 13.7 bar


Temperature 53 degC


Volume Inventory 10.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 6469.1929 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 20.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3135.897 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 6,469.19 kg


- Pressure 14.71 bar


- Temperature  53.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 15.9366 16.832815.2622s


LFL       (13846) 18.75 37.9512 53.310629.7254s


LFL Frac  (6923.02) 18.75 62.2613 98.162439.7364s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 1 11s


LFL       (13846) 18.75 1 11s


LFL Frac  (6923.02) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 15.320416.0439s


LFL       (13846) 18.75 30.050739.2347s


LFL Frac  (6923.02) 18.75 40.936466.8964s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 11s


LFL       (13846) 18.75 11s


LFL Frac  (6923.02) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 81.0244 81.024481.0244kW/m2


Radiation Level 4 362.297 362.297362.297kW/m2


Radiation Level 12.5 193.084 193.084193.084kW/m2


Radiation Level 37.5 74.0687 74.068774.0687kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 81.024481.0244kW/m2


Radiation Level 4 362.297362.297kW/m2


Radiation Level 12.5 193.084193.084kW/m2


Radiation Level 37.5 74.068774.0687kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 62.2613 98.162439.7364ppm


Furthest Extent 13846 37.9512 53.310629.7254ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 1 11ppm


Furthest Extent 13846 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 40.936466.8964ppm


Furthest Extent 13846 30.050739.2347ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 11ppm


Furthest Extent 13846 11ppm


33 140 of Date: 9/26/2012 Time:  4:10:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C-201 ABSORBER\190C-201 ABSORBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190C-203 DEBUTANIZER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 191 degC


Volume Inventory 25.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 14415.774 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3148.2084 m


North(1) -1305.9984 m


36 140 of Date: 9/26/2012 Time:  4:10:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


1.93712E+000


3,600.00


72.83


1.01


189.93


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


1.93712E+000


3,600.00


72.83


1.01


189.93


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


1.93712E+000


3,600.00


72.83


1.01


189.93


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


1.93712E+000


3,600.00


72.83


1.01


189.93


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.93712E+000


3,600.00


1.01


189.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


72.83


0.60


0.02


fraction


degC


m/s


m/s


m


um 142.45


 0.46


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.00523493 0.01703370.0541593fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 1043.29 1049.761062.76s


Pool Vaporization Rate 0.00076158 0.002167970.00521224kg/s


Total Vapor Flowrate 1.92774 1.906291.83741kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 462.15 463.45466.05s


Pool Vaporization Rate 0.00171849 0.004911790.0119026kg/s


Total Vapor Flowrate 1.92869 1.909031.84411kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 365.123 366.013365.616s


Pool Vaporization Rate 0.00218337 0.006253370.0152054kg/s


Total Vapor Flowrate 1.92916 1.910371.84741kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 312.663 313.358312.225s


Pool Vaporization Rate 0.00254026 0.007291380.0177732kg/s


Total Vapor Flowrate 1.92951 1.911411.84998kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 539.005 537.482533.872s


Pool Vaporization Rate 0.00296043 0.008523020.020834kg/s


Total Vapor Flowrate 1.92993 1.912641.85304kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 682.492 674.66670.037s


Pool Vaporization Rate 0.00351797 0.01015570.0249593kg/s


Total Vapor Flowrate 1.93049 1.914271.85716kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 195.277 195.277189.44s


Pool Vaporization Rate 0.00389147 0.0112560.0277662kg/s


Total Vapor Flowrate 1.93087 1.915371.85997kg/s


Maximum Pool Radius 1.57545 2.888055.29132m


F 1,5 m/s


Release Segment 1


Release Duration 3600s


Liquid Rainout 0.0677449fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 1069.29s


Pool Vaporization Rate 0.00544578kg/s


Total Vapor Flowrate 1.81133kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 467.35s


Pool Vaporization Rate 0.0124711kg/s


Total Vapor Flowrate 1.81836kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 364.32s
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Pool Vaporization Rate 0.0159562kg/s


Total Vapor Flowrate 1.82184kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 312.742s


Pool Vaporization Rate 0.0186783kg/s


Total Vapor Flowrate 1.82456kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 532.057s


Pool Vaporization Rate 0.0219413kg/s


Total Vapor Flowrate 1.82783kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 664.8s


Pool Vaporization Rate 0.0263531kg/s


Total Vapor Flowrate 1.83224kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 189.44s


Pool Vaporization Rate 0.0293752kg/s


Total Vapor Flowrate 1.83526kg/s


Maximum Pool Radius 5.99897m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 2.35843 2.244892.47443s


LFL       (8105.26) 18.75 12.5466 9.5908217.1734s


LFL Frac  (4052.63) 18.75 34.7436 25.355839.3072s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.99891 0.9990690.998733s


LFL       (8105.26) 18.75 0.959279 0.9799350.910693s


LFL Frac  (4052.63) 18.75 0.844827 0.9442040.600512s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 2.474672.34967s


LFL       (8105.26) 18.75 17.817413.1422s


LFL Frac  (4052.63) 18.75 41.433437.1701s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9987170.9989s


LFL       (8105.26) 18.75 0.8927270.953195s


LFL Frac  (4052.63) 18.75 0.3220470.77768s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 18.0552 17.119722.0183kW/m2


Radiation Level 4 30.4019 29.89933.6092kW/m2


Radiation Level 12.5 22.4522 21.664426.1798kW/m2


Radiation Level 37.5 17.8236 16.878321.7959kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 22.018318.0552kW/m2


Radiation Level 4 33.609230.4019kW/m2


Radiation Level 12.5 26.179822.4522kW/m2


Radiation Level 37.5 21.795917.8236kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.60749 9.42966Not ReachedkW/m2


Radiation Level 4 20.3265 20.493922.1152kW/m2


Radiation Level 12.5 11.9396 13.706210.3336kW/m2


Radiation Level 37.5 6.09878 9.14843Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.60749kW/m2


Radiation Level 4 22.115220.3265kW/m2


Radiation Level 12.5 10.333611.9396kW/m2


Radiation Level 37.5 Not Reached6.09878kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Early Pool Fire Status Hazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 45.9973 41.041334.2969kW/m2


Radiation Level 4 47.6504 44.196840.3995kW/m2


Radiation Level 12.5 46.7823 42.593837.2007kW/m2


Radiation Level 37.5 45.9038 40.839734.1357kW/m2


F 1,5 m/s


Radiation Level 35 31.0334kW/m2


Radiation Level 4 37.7291kW/m2


Radiation Level 12.5 34.2226kW/m2


Radiation Level 37.5 30.87kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Late Pool Fire Status Hazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 49.8766 45.277338.2623kW/m2


Radiation Level 4 60.9586 63.079762.7428kW/m2


Radiation Level 12.5 55.5518 54.972448.1566kW/m2


Radiation Level 37.5 49.4477 44.644838.2623kW/m2


F 1,5 m/s


Radiation Level 35 35.531kW/m2


Radiation Level 4 60.9768kW/m2


Radiation Level 12.5 45.003kW/m2


Radiation Level 37.5 35.531kW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 34.7436 25.355839.3072ppm


Furthest Extent 8105.26 12.5466 9.5908217.1734ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0.844827 0.9442040.600512ppm


Furthest Extent 8105.26 0.959279 0.9799350.910693ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 41.433437.1701ppm


Furthest Extent 8105.26 17.817413.1422ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 0.3220470.77768ppm


Furthest Extent 8105.26 0.8927270.953195ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190C-203 DEBUTANIZER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 191 degC


Volume Inventory 25.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 14415.774 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3148.2084 m


North(1) -1305.9984 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


2.40263E+001


600.00


72.83


1.01


189.93


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


2.40263E+001


600.00


72.83


1.01


189.93


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


2.40263E+001


600.00


72.83


1.01


189.93


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


2.40263E+001


600.00


72.83


1.01


189.93


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 142.45


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.40263E+001


600.00


1.01


189.93 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 166.27


72.83


0.60


0.12


fraction


degC


m/s


m/s


m


um 142.45


 0.46


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.160989 0.1441180.175763fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 189.751 189.751189.751s


Pool Vaporization Rate 0.043957 0.04491710.0362901kg/s


Total Vapor Flowrate 20.2023 20.608619.8397kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 83.325 83.32583.325s


Pool Vaporization Rate 0.100502 0.1028760.0830252kg/s


Total Vapor Flowrate 20.2588 20.666619.8864kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.565 64.56564.565s


Pool Vaporization Rate 0.12908 0.1321570.106735kg/s


Total Vapor Flowrate 20.2874 20.695819.9101kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 55.39 55.3955.39s


Pool Vaporization Rate 0.151636 0.1552530.125489kg/s


Total Vapor Flowrate 20.31 20.718919.9289kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 49.02 49.0293.1719s


Pool Vaporization Rate 0.170888 0.1749550.148208kg/s


Total Vapor Flowrate 20.3292 20.738619.9516kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 86.9494 86.9494113.797s


Pool Vaporization Rate 0.195469 0.2000950.179124kg/s


Total Vapor Flowrate 20.3538 20.763819.9825kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 71 713000s


Pool Vaporization Rate 0.223476 0.2287180.155926kg/s


Total Vapor Flowrate 20.3818 20.79240.155926kg/s


Release Segment 1 Cloud Segment 8


Cloud Segment Duration 3000 3000s


Pool Vaporization Rate 0.182669 0.185459kg/s


Total Vapor Flowrate 0.182669 0.185459kg/s


Maximum Pool Radius 13.9644 13.179114.653m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.186340.167666fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 189.751189.063s


Pool Vaporization Rate 0.03267940.0430362kg/s


Total Vapor Flowrate 19.581920.0409kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 83.32583.1875s
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Pool Vaporization Rate 0.07451670.098239kg/s


Total Vapor Flowrate 19.623720.0961kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.56564.4725s


Pool Vaporization Rate 0.09574420.126177kg/s


Total Vapor Flowrate 19.64520.1241kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 55.3955.3175s


Pool Vaporization Rate 0.1125490.148239kg/s


Total Vapor Flowrate 19.661820.1461kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 49.0248.96s


Pool Vaporization Rate 0.1269280.167078kg/s


Total Vapor Flowrate 19.676220.165kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 86.949486.8506s


Pool Vaporization Rate 0.1453370.191143kg/s


Total Vapor Flowrate 19.694620.189kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 7172.1494s


Pool Vaporization Rate 0.1663720.218787kg/s


Total Vapor Flowrate 19.715620.2167kg/s


Release Segment 1 Cloud Segment 8


Cloud Segment Duration 30003000s


Pool Vaporization Rate 0.1430570.180702kg/s


Total Vapor Flowrate 0.1430570.180702kg/s


Maximum Pool Radius 15.118614.2659m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 7.89146 7.321268.61751s


LFL       (8105.26) 18.75 76.6092 80.870570.2431s


LFL Frac  (4052.63) 18.75 176.113 158.306166.292s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.988038 0.9902440.984722s


LFL       (8105.26) 18.75 0.634632 0.7345580.50383s


LFL Frac  (4052.63) 18.75 0 0.4601620s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 8.6227.8697s


LFL       (8105.26) 18.75 72.96477.8991s


LFL Frac  (4052.63) 18.75 172.677175.747s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9845250.987922s


LFL       (8105.26) 18.75 0.3433230.569558s


LFL Frac  (4052.63) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 55.7876 52.318368.4291kW/m2


Radiation Level 4 94.7187 91.4192106.437kW/m2


Radiation Level 12.5 69.6049 66.196281.9844kW/m2


Radiation Level 37.5 55.0605 51.588167.7153kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 68.429155.7876kW/m2


Radiation Level 4 106.43794.7187kW/m2


Radiation Level 12.5 81.984469.6049kW/m2


Radiation Level 37.5 67.715355.0605kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 17.3858 24.1693Not ReachedkW/m2


Radiation Level 4 56.2309 58.889762.4724kW/m2


Radiation Level 12.5 33.6131 37.397529.5105kW/m2


Radiation Level 37.5 15.9295 23.6468Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached17.3858kW/m2


Radiation Level 4 62.472456.2309kW/m2


Radiation Level 12.5 29.510533.6131kW/m2


Radiation Level 37.5 Not Reached15.9295kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 66.8158 77.100957.9857kW/m2


Radiation Level 4 90.1636 99.711180.581kW/m2


Radiation Level 12.5 79.9688 90.615467.8988kW/m2


Radiation Level 37.5 66.1462 76.340557.8214kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 53.885863.3323kW/m2


Radiation Level 4 76.865487.0845kW/m2


Radiation Level 12.5 63.913376.7567kW/m2


Radiation Level 37.5 53.835462.7578kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 114.386 124.89498.1377kW/m2


Radiation Level 12.5 80.8311 91.887269.9467kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 94.7469111.639kW/m2


Radiation Level 12.5 66.072977.5243kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 176.113 158.306166.292ppm


Furthest Extent 8105.26 76.6092 80.870570.2431ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0 0.4601620ppm


Furthest Extent 8105.26 0.634632 0.7345580.50383ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 172.677175.747ppm


Furthest Extent 8105.26 72.96477.8991ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 00ppm


Furthest Extent 8105.26 0.3433230.569558ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190C-203 DEBUTANIZER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 191 degC


Volume Inventory 25.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 14415.774 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3148.2084 m


North(1) -1305.9984 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 151.98


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 128.00


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 151.98


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 128.00


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 151.98


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 128.00


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


66 140 of Date: 9/26/2012 Time:  4:10:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 151.98


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 128.00


 0.46


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 14,415.77 kg


- Pressure 13.81 bar


- Temperature  191.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 151.98


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 128.00


 0.46


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 23.2993 29.521220.2759s


LFL       (8105.26) 18.75 186.131 277.06685.1778s


LFL Frac  (4052.63) 18.75 353.207 465.864253.663s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1 11s


LFL       (8105.26) 18.75 0 00s


LFL Frac  (4052.63) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 20.622824.1185s


LFL       (8105.26) 18.75 93.2722204.067s


LFL Frac  (4052.63) 18.75 251.662383.903s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 11s


LFL       (8105.26) 18.75 00s


LFL Frac  (4052.63) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 93.0293 93.029393.0293kW/m2


Radiation Level 4 446.833 446.833446.833kW/m2


Radiation Level 12.5 236.032 236.032236.032kW/m2


Radiation Level 37.5 82.6209 82.620982.6209kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 93.029393.0293kW/m2


Radiation Level 4 446.833446.833kW/m2


Radiation Level 12.5 236.032236.032kW/m2


Radiation Level 37.5 82.620982.6209kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 353.207 465.864253.663ppm


Furthest Extent 8105.26 186.131 277.06685.1778ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0 00ppm


Furthest Extent 8105.26 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 251.662383.903ppm


Furthest Extent 8105.26 93.2722204.067ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 00ppm


Furthest Extent 8105.26 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190C203 DEBUTANIZER\190C-203 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Scenario
Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 23970.715 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3192.8374 m


North(1) -1261.3694 m


Material


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:
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Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 55 degC


Volume Inventory 33.2 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


6.28687E-001


3,600.00


18.48


1.01


54.97


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


6.28687E-001


3,600.00


18.48


1.01


54.97


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


6.28687E-001


3,600.00


18.48


1.01


54.97


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


6.28687E-001


3,600.00


18.48


1.01


54.97


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.28687E-001


3,600.00


1.01


54.97 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


18.48


0.60


0.00


fraction


degC


m/s


m/s


m


um 571.51


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.709603 0.6989090.724804fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 868.776 848.266906.01s


Pool Vaporization Rate 0.113622 0.1216760.0974271kg/s


Total Vapor Flowrate 0.296191 0.3109680.27044kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 430.827 424.44440.88s


Pool Vaporization Rate 0.229622 0.2438510.200848kg/s


Total Vapor Flowrate 0.412191 0.4331430.37386kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 356.888 355.417360.866s


Pool Vaporization Rate 0.277305 0.290550.244762kg/s


Total Vapor Flowrate 0.459874 0.4798420.417775kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 906.401 1191.49613.075s


Pool Vaporization Rate 0.327802 0.3478190.288587kg/s


Total Vapor Flowrate 0.510371 0.5371110.461599kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1037.11 780.391279.17s


Pool Vaporization Rate 0.377298 0.3931810.344264kg/s


Total Vapor Flowrate 0.559867 0.5824730.517277kg/s


Maximum Pool Radius 7.15798 6.739167.91315m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.726480.710702fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 928.726877.641s


Pool Vaporization Rate 0.08750810.10974kg/s


Total Vapor Flowrate 0.2594670.291619kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 443.977432.799s


Pool Vaporization Rate 0.1831130.22286kg/s


Total Vapor Flowrate 0.3550720.404738kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 364.103356.241s


Pool Vaporization Rate 0.2243050.270354kg/s


Total Vapor Flowrate 0.3962630.452232kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 610.597901.275s


Pool Vaporization Rate 0.2663150.321015kg/s


Total Vapor Flowrate 0.4382730.502893kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1252.61032.04s
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Pool Vaporization Rate 0.3235210.371495kg/s


Total Vapor Flowrate 0.495480.553374kg/s


Maximum Pool Radius 8.295217.30606m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 3.25992 2.813074.16861s


LFL       (11247.5) 18.75 10.0315 5.8046126.1632s


LFL Frac  (5623.75) 18.75 21.0137 10.898138.7971s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.845115 0.9090080.648011s


LFL       (11247.5) 18.75 0.439136 0.778750s


LFL Frac  (5623.75) 18.75 0.262184 0.7041180s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 4.115613.19943s


LFL       (11247.5) 18.75 26.185911.5087s


LFL Frac  (5623.75) 18.75 36.030321.8755s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.6295480.83769s


LFL       (11247.5) 18.75 00.294535s


LFL Frac  (5623.75) 18.75 00.0494608s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 13.0321 12.342215.773kW/m2


Radiation Level 4 21.0252 20.198924.1031kW/m2


Radiation Level 12.5 15.9553 15.185318.9512kW/m2


Radiation Level 37.5 12.8723 12.188415.5808kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 15.7313.0095kW/m2


Radiation Level 4 24.036720.9889kW/m2


Radiation Level 12.5 18.899315.9279kW/m2


Radiation Level 37.5 15.537812.85kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.20462 8.6407Not ReachedkW/m2


Radiation Level 4 17.2035 16.306115.5026kW/m2


Radiation Level 12.5 11.2649 11.38348.99125kW/m2


Radiation Level 37.5 7.01908 8.48843Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.19212kW/m2


Radiation Level 4 15.457717.173kW/m2


Radiation Level 12.5 8.9632911.2455kW/m2


Radiation Level 37.5 Not Reached7.00695kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.55174 10.9588.12014kW/m2


Radiation Level 4 19.9574 20.588618.8735kW/m2


Radiation Level 12.5 14.9771 16.220113.2018kW/m2


Radiation Level 37.5 9.13143 10.487.84163kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 8.016869.28883kW/m2


Radiation Level 4 18.77919.7008kW/m2


Radiation Level 12.5 13.102514.7177kW/m2


Radiation Level 37.5 7.738138.8689kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.9914 13.330813.468kW/m2


Radiation Level 4 45.6848 47.148342.0707kW/m2


Radiation Level 12.5 27.2314 31.434420.9548kW/m2


Radiation Level 37.5 12.9914 13.330813.468kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 13.744412.8746kW/m2


Radiation Level 4 42.554345.8354kW/m2


Radiation Level 12.5 20.809226.9229kW/m2


Radiation Level 37.5 Not Reached12.8746kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 21.0137 10.898138.7971ppm


Furthest Extent 11247.5 10.0315 5.8046126.1632ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0.262184 0.7041180ppm


Furthest Extent 11247.5 0.439136 0.778750ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 36.030321.8755ppm


Furthest Extent 11247.5 26.185911.5087ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00.0494608ppm


Furthest Extent 11247.5 00.294535ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 55 degC


Volume Inventory 33.2 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 23970.715 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3192.8374 m


North(1) -1261.3694 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


3.99512E+001


600.00


18.48


1.01


54.97


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


3.99512E+001


600.00


18.48


1.01


54.97


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


3.99512E+001


600.00


18.48


1.01


54.97


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


3.99512E+001


600.00


18.48


1.01


54.97


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 571.51


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.99512E+001


600.00


1.01


54.97 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.97


 18.48


18.48


0.60


0.02


fraction


degC


m/s


m/s


m


um 571.51


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.808734 0.7931210.825493fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 174.24 175.563175.563s


Pool Vaporization Rate 2.00891 2.14871.683kg/s


Total Vapor Flowrate 9.65021 10.41388.65474kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 81.76 81.238182.04s


Pool Vaporization Rate 4.30592 4.626093.61115kg/s


Total Vapor Flowrate 11.9472 12.891110.5829kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.3056 65.401965.4981s


Pool Vaporization Rate 5.37729 5.77574.51836kg/s


Total Vapor Flowrate 13.0186 14.040811.4901kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.9969 57.073157.1494s


Pool Vaporization Rate 6.19671 6.657415.21696kg/s


Total Vapor Flowrate 13.838 14.922512.1887kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 99.12 98.146998.2656s


Pool Vaporization Rate 7.16428 7.689016.0421kg/s


Total Vapor Flowrate 14.8056 15.954113.0138kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 122.577 122.577121.484s


Pool Vaporization Rate 8.42444 9.03057.12207kg/s


Total Vapor Flowrate 16.0657 17.295614.0938kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 3000 30003000s


Pool Vaporization Rate 3.77061 3.94073.40461kg/s


Total Vapor Flowrate 3.77061 3.94073.40461kg/s


Maximum Pool Radius 36.6245 35.926237.6708m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.8269150.809527fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 176.89175.563s


Pool Vaporization Rate 1.457161.91856kg/s


Total Vapor Flowrate 8.372119.52819kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 82.3282.04s


Pool Vaporization Rate 3.155124.12521kg/s


Total Vapor Flowrate 10.070111.7348kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.690665.4981s
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Pool Vaporization Rate 3.964055.15792kg/s


Total Vapor Flowrate 10.87912.7675kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.32557.1494s


Pool Vaporization Rate 4.586285.94978kg/s


Total Vapor Flowrate 11.501213.5594kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 98.384498.2656s


Pool Vaporization Rate 5.326676.88085kg/s


Total Vapor Flowrate 12.241614.4905kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 120.39121.484s


Pool Vaporization Rate 6.303418.09272kg/s


Total Vapor Flowrate 13.218415.7023kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 30003000s


Pool Vaporization Rate 3.240123.7264kg/s


Total Vapor Flowrate 3.240123.7264kg/s


Maximum Pool Radius 38.083836.8081m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 11.9714 10.894212.9576s


LFL       (11247.5) 18.75 68.9846 59.9147129.138s


LFL Frac  (5623.75) 18.75 99.802 89.7865178.296s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.27815 0.2962410.20249s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 13.572312.0559s


LFL       (11247.5) 18.75 128.36865.8391s


LFL Frac  (5623.75) 18.75 167.86395.251s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.14770.265868s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 68.4188 66.29180.742kW/m2


Radiation Level 4 113.873 112.187126.351kW/m2


Radiation Level 12.5 84.7082 82.625697.5164kW/m2


Radiation Level 37.5 67.5518 65.433779.8051kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 80.45468.2942kW/m2


Radiation Level 4 125.891113.66kW/m2


Radiation Level 12.5 97.165984.5521kW/m2


Radiation Level 37.5 79.520567.4288kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 34.1277 34.706724.7059kW/m2


Radiation Level 4 85.0987 76.61688.4103kW/m2


Radiation Level 12.5 52.536 51.087253.1013kW/m2


Radiation Level 37.5 33.2444 33.183922.3634kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 24.589834.0731kW/m2


Radiation Level 4 88.071984.9596kW/m2


Radiation Level 12.5 52.897852.4538kW/m2


Radiation Level 37.5 22.252733.1917kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 58.4137 60.223950.0938kW/m2


Radiation Level 12.5 28.5974 30.712224.483kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 50.026258.3329kW/m2


Radiation Level 12.5 24.404728.5072kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 119.994 126.68899.4285kW/m2


Radiation Level 12.5 47.938 48.179346.7983kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 100.169120.343kW/m2


Radiation Level 12.5 47.131148.1872kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


96 140 of Date: 9/26/2012 Time:  4:10:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 99.802 89.7865178.296ppm


Furthest Extent 11247.5 68.9846 59.9147129.138ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 167.86395.251ppm


Furthest Extent 11247.5 128.36865.8391ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 55 degC


Volume Inventory 33.2 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 23970.715 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3192.8374 m


North(1) -1261.3694 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 6.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 464.08


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 6.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 464.08


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 6.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 464.08


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.97


 6.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 464.08


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,970.72 kg


- Pressure 2.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.97


 6.06


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 464.08


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.910963 0.9086340.911112fraction


Initial Vapor Cloud 2134.28 2190.122130.7kg


Time Pool Left Behind 34.0069 16.3183210.421s


Cloud Segment 1


Cloud Segment Duration 41.9256 37.515639.69s


Pool Vaporization Rate 11.0049 11.78058.15257kg/s


Cloud Segment 2


Cloud Segment Duration 60.59 80.206982.9656s


Pool Vaporization Rate 15.2779 16.570711.8111kg/s


Cloud Segment 3


Cloud Segment Duration 34.96 66.558131.1044s


Pool Vaporization Rate 13.2095 13.09779.99609kg/s


Cloud Segment 4


Cloud Segment Duration 38.75 3415.723446.24s


Pool Vaporization Rate 11.6464 4.484583.81378kg/s


Cloud Segment 5


Cloud Segment Duration 3423.77s


Pool Vaporization Rate 4.25443kg/s


Maximum Pool Radius 41.3442 41.140841.6504m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9111190.911056fraction


Initial Vapor Cloud 2130.542132.06kg


Time Pool Left Behind 402.51442.6961s


Cloud Segment 1


Cloud Segment Duration 44.222541.2806s


Pool Vaporization Rate 7.1893110.2747kg/s


Cloud Segment 2


Cloud Segment Duration 61.353158.7194s


Pool Vaporization Rate 10.333514.5099kg/s


Cloud Segment 3


Cloud Segment Duration 33.664433.4025s


Pool Vaporization Rate 9.2043212.7779kg/s


Cloud Segment 4


Cloud Segment Duration 3460.7636.2481s


Pool Vaporization Rate 3.6303311.3032kg/s


Cloud Segment 5


Cloud Segment Duration 3430.35s


Pool Vaporization Rate 4.21002kg/s


Maximum Pool Radius 41.810341.426m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 41.9501 41.97355.1178s


LFL       (11247.5) 18.75 129.008 143.418164.435s


LFL Frac  (5623.75) 18.75 178.458 212.493212.273s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 52.044841.3648s


LFL       (11247.5) 18.75 153.952116.307s


LFL Frac  (5623.75) 18.75 196.09164.819s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 126.148 137.036100.313kW/m2


Radiation Level 12.5 47.7485 50.477443.7969kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 101.012127.084kW/m2


Radiation Level 12.5 44.340248.5736kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 178.458 212.493212.273ppm


Furthest Extent 11247.5 129.008 143.418164.435ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 196.09164.819ppm


Furthest Extent 11247.5 153.952116.307ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-104 FRACTIONATOR OVERHEAD DRUM\190D-104 FRACTIONATOR OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-203 ABSORBER STRIPPER FEED DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_H2S


Material to Track NAPHTHA_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.8 bar


Temperature 38 degC


Volume Inventory 51.8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 37407.756 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3145.9 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


2.31328E+000


3,600.00


67.93


1.01


37.52


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.79


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


2.31328E+000


3,600.00


67.93


1.01


37.52


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.62


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


2.31328E+000


3,600.00


67.93


1.01


37.52


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.67


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


2.31328E+000


3,600.00


67.93


1.01


37.52


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.34


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.31328E+000


3,600.00


1.01


37.52 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


67.93


0.60


0.03


fraction


degC


m/s


m/s


m


um 347.61


 0.72


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 4.76952 4.688974.88s


LFL       (12930.5) 18.75 16.8715 15.547319.7392s


LFL Frac  (6465.25) 18.75 23.4787 21.722426.4618s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 7.96576 7.972097.95718s


LFL       (12930.5) 18.75 7.37684 7.700336.01265s


LFL Frac  (6465.25) 18.75 6.82297 7.501483.53013s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 4.852244.71921s


LFL       (12930.5) 18.75 19.453516.4812s


LFL Frac  (6465.25) 18.75 26.550822.835s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 7.957487.96636s


LFL       (12930.5) 18.75 5.984397.39438s


LFL Frac  (6465.25) 18.75 2.936836.85649s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


115 140 of Date: 9/26/2012 Time:  4:10:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 13.4951 12.313318.0471kW/m2


Radiation Level 4 33.7952 32.656337.6027kW/m2


Radiation Level 12.5 23.0584 21.95827.2032kW/m2


Radiation Level 37.5 13.1129 11.950617.4929kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 18.047113.4951kW/m2


Radiation Level 4 37.602733.7952kW/m2


Radiation Level 12.5 27.203223.0584kW/m2


Radiation Level 37.5 17.492913.1129kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 24.5585 23.624225.6877kW/m2


Radiation Level 12.5 11.5943 11.5952Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 25.687724.5585kW/m2


Radiation Level 12.5 Not Reached11.5943kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 23.4787 21.722426.4618ppm


Furthest Extent 12930.5 16.8715 15.547319.7392ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 6.82297 7.501483.53013ppm


Furthest Extent 12930.5 7.37684 7.700336.01265ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 26.550822.835ppm


Furthest Extent 12930.5 19.453516.4812ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 2.936836.85649ppm


Furthest Extent 12930.5 5.984397.39438ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_H2S


Material to Track NAPHTHA_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.8 bar


Temperature 38 degC


Volume Inventory 51.8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 37407.756 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3145.9 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


6.23463E+001


600.00


67.93


1.01


37.52


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.79


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


6.23463E+001


600.00


67.93


1.01


37.52


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.62


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


6.23463E+001


600.00


67.93


1.01


37.52


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.67


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


6.23463E+001


600.00


67.93


1.01


37.52


0.60


0.13


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 347.61


 0.72


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.34


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.23463E+001


600.00


1.01


37.52 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-22.60


 67.93


67.93


0.60


0.13


fraction


degC


m/s


m/s


m


um 347.61


 0.72


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.02027 0.02073520.0871875fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 133.981 135.141147.623s


Pool Vaporization Rate 0.438729 0.4424581.55723kg/s


Total Vapor Flowrate 61.5212 61.49658.4677kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 74.1 74.38580.3875s


Pool Vaporization Rate 0.79716 0.8069552.87929kg/s


Total Vapor Flowrate 61.8797 61.860559.7897kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 236.075 236.74132.99s


Pool Vaporization Rate 0.999888 1.017183.48789kg/s


Total Vapor Flowrate 62.0824 62.070760.3983kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 155.844 153.734277.576s


Pool Vaporization Rate 1.12162 1.142294.11147kg/s


Total Vapor Flowrate 62.2041 62.195861.0219kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 2590.59 2641.632961.42s


Pool Vaporization Rate 0.0885625 0.0905860.398181kg/s


Total Vapor Flowrate 0.0885625 0.0905864.11147kg/s


Maximum Pool Radius 4.25774 4.3503210.2786m


F 1,5 m/s


Release Segment 1


Release Duration 600s


Liquid Rainout 0.0885877fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 150.676s


Pool Vaporization Rate 1.5185kg/s


Total Vapor Flowrate 58.3417kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 80.3644s


Pool Vaporization Rate 2.84699kg/s


Total Vapor Flowrate 59.6701kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 132.816s


Pool Vaporization Rate 3.45599kg/s


Total Vapor Flowrate 60.2791kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 274.72s


Pool Vaporization Rate 4.10965kg/s


Total Vapor Flowrate 60.9328kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 2961.42s
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Pool Vaporization Rate 0.421765kg/s


Total Vapor Flowrate 4.10965kg/s


Maximum Pool Radius 10.58m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 22.0535 20.374949.8139s


LFL       (12930.5) 18.75 112.858 58.3222145.739s


LFL Frac  (6465.25) 18.75 229.089 148.155320.428s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 7.26155 7.476180s


LFL       (12930.5) 18.75 0 4.01270s


LFL Frac  (6465.25) 18.75 0 0.9908560s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 60.76921.7746s


LFL       (12930.5) 18.75 146.8118.759s


LFL Frac  (6465.25) 18.75 322.987233.541s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 07.27748s


LFL       (12930.5) 18.75 00s


LFL Frac  (6465.25) 18.75 00s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 90.8279 82.6943109.47kW/m2


Radiation Level 4 161.223 148.563176.519kW/m2


Radiation Level 12.5 116.124 106.395133.713kW/m2


Radiation Level 37.5 89.483 81.4314108.169kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 109.4790.8279kW/m2


Radiation Level 4 176.519161.223kW/m2


Radiation Level 12.5 133.713116.124kW/m2


Radiation Level 37.5 108.16989.483kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 30.4085 36.0833Not ReachedkW/m2


Radiation Level 4 98.7156 95.5542107.006kW/m2


Radiation Level 12.5 57.6144 58.231450.9927kW/m2


Radiation Level 37.5 27.5181 34.8127Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached30.4085kW/m2


Radiation Level 4 107.00698.7156kW/m2


Radiation Level 12.5 50.992757.6144kW/m2


Radiation Level 37.5 Not Reached27.5181kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Early Pool Fire Status Hazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 59.6904 58.700758.2973kW/m2


Radiation Level 4 75.3755 74.556988.8087kW/m2


Radiation Level 12.5 67.2223 66.315271.2603kW/m2


Radiation Level 37.5 59.0216 58.05757.3653kW/m2


F 1,5 m/s


Radiation Level 35 57.8599kW/m2


Radiation Level 4 88.5734kW/m2


Radiation Level 12.5 70.8971kW/m2


Radiation Level 37.5 56.9174kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Late Pool Fire Status Hazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 71.8898 71.273180.1817kW/m2


Radiation Level 4 99.3629 99.2394147.974kW/m2


Radiation Level 12.5 82.7499 82.2934107.201kW/m2


Radiation Level 37.5 70.4704 69.901478.4912kW/m2


F 1,5 m/s


Radiation Level 35 80.6571kW/m2


Radiation Level 4 150.194kW/m2


Radiation Level 12.5 108.33kW/m2


Radiation Level 37.5 78.9287kW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 229.089 148.155320.428ppm


Furthest Extent 12930.5 112.858 58.3222145.739ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 0 0.9908560ppm


Furthest Extent 12930.5 0 4.01270ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 322.987233.541ppm


Furthest Extent 12930.5 146.8118.759ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 00ppm


Furthest Extent 12930.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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190D-203 ABSORBER STRIPPER FEED DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier NAPHTHA_H2S


Material to Track NAPHTHA_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.8 bar


Temperature 38 degC


Volume Inventory 51.8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 38275.256 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3145.9 m


North(1) -1260.5999 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.44


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 447.56


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.79


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 447.56


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.62


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 447.56


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.67


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-22.60


 447.56


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 37,407.76 kg


- Pressure 15.81 bar


- Temperature  38.00 degC


Material NAPHTHA_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.34


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-22.60


 447.56


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 24.7365 26.216423.6114s


LFL       (12930.5) 18.75 69.9731 104.70750.2869s


LFL Frac  (6465.25) 18.75 120.857 202.20169.2718s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (89061.1) 18.75 8 88s


LFL       (12930.5) 18.75 8 88s


LFL Frac  (6465.25) 18.75 8 88s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 23.794224.9757s


LFL       (12930.5) 18.75 52.47675.9075s


LFL Frac  (6465.25) 18.75 77.0171139.158s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (89061.1) 18.75 88s


LFL       (12930.5) 18.75 88s


LFL Frac  (6465.25) 18.75 88s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 120.857 202.20169.2718ppm


Furthest Extent 12930.5 69.9731 104.70750.2869ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6465.25 8 88ppm


Furthest Extent 12930.5 8 88ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 77.0171139.158ppm


Furthest Extent 12930.5 52.47675.9075ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6465.25 88ppm


Furthest Extent 12930.5 88ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-190 DELAYED COCKER UNIT\190D-203 ABSORBER STRIPPER FEED DRUM\190D-203 ABSORBER STRIPPER FEED DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-160 CCR PLATFORMING PROCESS UNIT


160C-001 REACTOR 1_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.8 bar


Temperature 549 degC


Volume Inventory 36.4 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 53.9 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:
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Mass Inventory of material to Disperse 362.2805 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


1.00374E-001


3,600.00


242.69


3.51


539.48


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


1.00374E-001


3,600.00


242.69


3.51


539.48


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 12.46


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


1.00374E-001


3,600.00


242.69


3.51


539.48


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  8.43


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


1.00374E-001


3,600.00


242.69


3.51


539.48


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.54


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.00374E-001


3,600.00


3.51


539.48 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


242.69


0.87


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


6 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.270117 0.2744650.266277s


LFL       (8105.26) 18.75 2.37938 2.452122.30119s


LFL Frac  (4052.63) 18.75 4.869 4.97794.74787s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 53.9 53.953.9s


LFL       (8105.26) 18.75 53.9036 53.902753.9048s


LFL Frac  (4052.63) 18.75 53.9205 53.913153.9358s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.2685630.271169s


LFL       (8105.26) 18.75 2.329062.36004s


LFL Frac  (4052.63) 18.75 4.773124.74019s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 53.953.9s


LFL       (8105.26) 18.75 53.904353.9032s


LFL Frac  (4052.63) 18.75 53.92953.9165s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 4.869 4.97794.74787ppm


Furthest Extent 8105.26 2.37938 2.452122.30119ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 53.9205 53.913153.9358ppm


Furthest Extent 8105.26 53.9036 53.902753.9048ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 4.773124.74019ppm


Furthest Extent 8105.26 2.329062.36004ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 53.92953.9165ppm


Furthest Extent 8105.26 53.904353.9032ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 1_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.8 bar


Temperature 549 degC


Volume Inventory 36.4 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 53.9 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 362.2805 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


6.03564E-001


600.00


242.69


3.51


539.48


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


6.03564E-001


600.00


242.69


3.51


539.48


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 12.46


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


6.03564E-001


600.00


242.69


3.51


539.48


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  8.43


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


6.03564E-001


600.00


242.69


3.51


539.48


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.54


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.03564E-001


600.00


3.51


539.48 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 521.79


 412.86


242.69


0.87


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


16 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.642338 0.6530980.632574s


LFL       (8105.26) 18.75 5.67374 5.749755.59985s


LFL Frac  (4052.63) 18.75 11.1419 11.145311.2603s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 53.9 53.953.9s


LFL       (8105.26) 18.75 53.9202 53.914853.9286s


LFL Frac  (4052.63) 18.75 54.005 53.964254.0977s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.6386990.644358s


LFL       (8105.26) 18.75 5.622165.57808s


LFL Frac  (4052.63) 18.75 11.14710.713s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 53.953.9s


LFL       (8105.26) 18.75 53.925253.9175s


LFL Frac  (4052.63) 18.75 54.054753.9824s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 11.1419 11.145311.2603ppm


Furthest Extent 8105.26 5.67374 5.749755.59985ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 54.005 53.964254.0977ppm


Furthest Extent 8105.26 53.9202 53.914853.9286ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 11.14710.713ppm


Furthest Extent 8105.26 5.622165.57808ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 54.054753.9824ppm


Furthest Extent 8105.26 53.925253.9175ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 1_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.8 bar


Temperature 549 degC


Volume Inventory 36.4 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 53.9 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 362.2805 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


21 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 517.01


 324.33


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.92


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


23 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 517.01


 324.33


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 12.46


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 517.01


 324.33


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  8.43


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 517.01


 324.33


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 362.14 kg


- Pressure 5.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.54


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 517.01


 324.33


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


26 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 6.10479 6.272036.02665s


LFL       (8105.26) 18.75 20.8436 34.78211.2901s


LFL Frac  (4052.63) 18.75 37.2804 67.061916.0683s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 53.9 53.953.9s


LFL       (8105.26) 18.75 53.9 53.953.9s


LFL Frac  (4052.63) 18.75 53.9 53.953.9s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 6.048356.13931s


LFL       (8105.26) 18.75 13.354724.6494s


LFL Frac  (4052.63) 18.75 22.121545.4186s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 53.953.9s


LFL       (8105.26) 18.75 53.953.9s


LFL Frac  (4052.63) 18.75 53.953.9s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 105.673 105.673105.673kW/m2


Radiation Level 12.5 50.4258 50.425850.4258kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 105.673105.673kW/m2


Radiation Level 12.5 50.425850.4258kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 37.2804 67.061916.0683ppm


Furthest Extent 8105.26 20.8436 34.78211.2901ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 53.9 53.953.9ppm


Furthest Extent 8105.26 53.9 53.953.9ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 22.121545.4186ppm


Furthest Extent 8105.26 13.354724.6494ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 53.953.9ppm


Furthest Extent 8105.26 53.953.9ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-001 REACTOR 1\160C-001 REACTOR 1_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 2_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.3 bar


Temperature 549 degC


Volume Inventory 41.6 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 41.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 377.92292 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.97


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


9.14331E-002


3,600.00


242.88


3.20


539.52


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.57


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


9.14331E-002


3,600.00


242.88


3.20


539.52


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 11.82


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


9.14331E-002


3,600.00


242.88


3.20


539.52


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  7.75


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


9.14331E-002


3,600.00


242.88


3.20


539.52


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


9.14331E-002


3,600.00


3.20


539.52 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


242.88


0.87


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.260398 0.2644960.256721s


LFL       (8105.26) 18.75 2.25915 2.315872.20382s


LFL Frac  (4052.63) 18.75 4.58717 4.642674.53025s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 41.1 41.141.1s


LFL       (8105.26) 18.75 41.1034 41.102641.1046s


LFL Frac  (4052.63) 18.75 41.1192 41.112141.1339s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.2585820.261164s


LFL       (8105.26) 18.75 2.218642.23969s


LFL Frac  (4052.63) 18.75 4.52634.47116s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 41.141.1s


LFL       (8105.26) 18.75 41.104241.103s


LFL Frac  (4052.63) 18.75 41.128441.116s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 4.58717 4.642674.53025ppm


Furthest Extent 8105.26 2.25915 2.315872.20382ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 41.1192 41.112141.1339ppm


Furthest Extent 8105.26 41.1034 41.102641.1046ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 4.52634.47116ppm


Furthest Extent 8105.26 2.218642.23969ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 41.128441.116ppm


Furthest Extent 8105.26 41.104241.103ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 2_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.3 bar


Temperature 549 degC


Volume Inventory 41.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 41.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 377.92292 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.97


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


6.29601E-001


600.00


242.88


3.20


539.52


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.57


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


6.29601E-001


600.00


242.88


3.20


539.52


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 11.82


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


6.29601E-001


600.00


242.88


3.20


539.52


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  7.75


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


6.29601E-001


600.00


242.88


3.20


539.52


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.29601E-001


600.00


3.20


539.52 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 522.73


 406.55


242.88


0.87


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.658816 0.6681390.650437s


LFL       (8105.26) 18.75 5.73883 5.7665.72016s


LFL Frac  (4052.63) 18.75 11.144 11.00511.4505s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 41.1 41.141.1s


LFL       (8105.26) 18.75 41.1216 41.115641.1309s


LFL Frac  (4052.63) 18.75 41.2105 41.166341.3126s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.6549440.660079s


LFL       (8105.26) 18.75 5.717645.6427s


LFL Frac  (4052.63) 18.75 11.27510.7335s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 41.141.1s


LFL       (8105.26) 18.75 41.127741.1191s


LFL Frac  (4052.63) 18.75 41.272141.1895s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 11.144 11.00511.4505ppm


Furthest Extent 8105.26 5.73883 5.7665.72016ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 41.2105 41.166341.3126ppm


Furthest Extent 8105.26 41.1216 41.115641.1309ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 11.27510.7335ppm


Furthest Extent 8105.26 5.717645.6427ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 41.272141.1895ppm


Furthest Extent 8105.26 41.127741.1191ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


49 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


160C-001 REACTOR 2_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 4.3 bar


Temperature 549 degC


Volume Inventory 41.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 41.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 377.92292 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.97


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 518.71


 311.28


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.57


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 518.71


 311.28


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 11.82


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 518.71


 311.28


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  7.75


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 518.71


 311.28


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 377.76 kg


- Pressure 5.31 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 3.08


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 518.71


 311.28


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 6.19114 6.356086.11297s


LFL       (8105.26) 18.75 20.9389 34.349111.4287s


LFL Frac  (4052.63) 18.75 38.9929 67.332616.2371s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 41.1 41.141.1s


LFL       (8105.26) 18.75 41.1 41.141.1s


LFL Frac  (4052.63) 18.75 41.1 41.141.1s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 6.13066.21943s


LFL       (8105.26) 18.75 12.974923.9036s


LFL Frac  (4052.63) 18.75 20.910445.3828s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 41.141.1s


LFL       (8105.26) 18.75 41.141.1s


LFL Frac  (4052.63) 18.75 41.141.1s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 105.577 105.577105.577kW/m2


Radiation Level 12.5 50.0137 50.013750.0137kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 105.577105.577kW/m2


Radiation Level 12.5 50.013750.0137kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 38.9929 67.332616.2371ppm


Furthest Extent 8105.26 20.9389 34.349111.4287ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 41.1 41.141.1ppm


Furthest Extent 8105.26 41.1 41.141.1ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 20.910445.3828ppm


Furthest Extent 8105.26 12.974923.9036ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 41.141.1ppm


Furthest Extent 8105.26 41.141.1ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-002 REACTOR 2\160C-001 REACTOR 2_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 3_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 3.8 bar


Temperature 549 degC


Volume Inventory 46.6 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 27.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 383.00161 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.82


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


8.24868E-002


3,600.00


243.08


2.90


539.56


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.07


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


8.24868E-002


3,600.00


243.08


2.90


539.56


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 10.92


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


8.24868E-002


3,600.00


243.08


2.90


539.56


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  6.82


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


8.24868E-002


3,600.00


243.08


2.90


539.56


0.87


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.50


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.24868E-002


3,600.00


2.90


539.56 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


243.08


0.87


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.249105 0.252780.245794s


LFL       (8105.26) 18.75 2.12473 2.152692.09731s


LFL Frac  (4052.63) 18.75 4.25271 4.234244.28803s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 27.2 27.227.2s


LFL       (8105.26) 18.75 27.2032 27.202427.2044s


LFL Frac  (4052.63) 18.75 27.2178 27.21127.2321s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.2470830.249537s


LFL       (8105.26) 18.75 2.099682.10445s


LFL Frac  (4052.63) 18.75 4.25554.15344s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 27.227.2s


LFL       (8105.26) 18.75 27.204127.2029s


LFL Frac  (4052.63) 18.75 27.228127.2155s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 4.25271 4.234244.28803ppm


Furthest Extent 8105.26 2.12473 2.152692.09731ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 27.2178 27.21127.2321ppm


Furthest Extent 8105.26 27.2032 27.202427.2044ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 4.25554.15344ppm


Furthest Extent 8105.26 2.099682.10445ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 27.228127.2155ppm


Furthest Extent 8105.26 27.204127.2029ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 3_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 3.8 bar


Temperature 549 degC


Volume Inventory 46.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 27.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 383.00161 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.82


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


6.38034E-001


600.00


243.08


2.90


539.56


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.07


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


6.38034E-001


600.00


243.08


2.90


539.56


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 10.92


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


6.38034E-001


600.00


243.08


2.90


539.56


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  6.82


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


6.38034E-001


600.00


243.08


2.90


539.56


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.50


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.38034E-001


600.00


2.90


539.56 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 523.82


 398.89


243.08


0.87


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.666009 0.6733010.659428s


LFL       (8105.26) 18.75 5.69063 5.643185.7557s


LFL Frac  (4052.63) 18.75 10.8475 10.510911.4332s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 27.2 27.227.2s


LFL       (8105.26) 18.75 27.2225 27.21627.2327s


LFL Frac  (4052.63) 18.75 27.3121 27.265627.423s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.6622630.666432s


LFL       (8105.26) 18.75 5.729535.59831s


LFL Frac  (4052.63) 18.75 11.210910.4945s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 27.227.2s


LFL       (8105.26) 18.75 27.230227.2205s


LFL Frac  (4052.63) 18.75 27.3927.2955s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 10.8475 10.510911.4332ppm


Furthest Extent 8105.26 5.69063 5.643185.7557ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 27.3121 27.265627.423ppm


Furthest Extent 8105.26 27.2225 27.21627.2327ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 11.210910.4945ppm


Furthest Extent 8105.26 5.729535.59831ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 27.3927.2955ppm


Furthest Extent 8105.26 27.230227.2205ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 3_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 3.8 bar


Temperature 549 degC


Volume Inventory 46.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 27.2 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 383.00161 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.82


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 520.56


 296.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  6.07


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 520.56


 296.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 10.92


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 520.56


 296.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  6.82


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 520.56


 296.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.82 kg


- Pressure 4.81 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 2.50


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 520.56


 296.58


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 6.21589 6.368966.14063s


LFL       (8105.26) 18.75 20.3653 34.005311.4228s


LFL Frac  (4052.63) 18.75 38.9433 65.772516.0961s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 27.2 27.227.2s


LFL       (8105.26) 18.75 27.2 27.227.2s


LFL Frac  (4052.63) 18.75 27.5348 27.328227.2s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 6.153076.23463s


LFL       (8105.26) 18.75 12.274722.2477s


LFL Frac  (4052.63) 18.75 19.970843.815s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 27.227.2s


LFL       (8105.26) 18.75 27.227.2s


LFL Frac  (4052.63) 18.75 27.604327.5316s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 104.228 104.228104.228kW/m2


Radiation Level 12.5 48.9251 48.925148.9251kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 104.228104.228kW/m2


Radiation Level 12.5 48.925148.9251kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 38.9433 65.772516.0961ppm


Furthest Extent 8105.26 20.3653 34.005311.4228ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 27.5348 27.328227.2ppm


Furthest Extent 8105.26 27.2 27.227.2ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 19.970843.815ppm


Furthest Extent 8105.26 12.274722.2477ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 27.604327.5316ppm


Furthest Extent 8105.26 27.227.2ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-003 REACTOR 3\160C-001 REACTOR 3_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 4_LEAK


Base Case


DataCASE Name:


User-Defined Data


Location
Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 358.33145 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:
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Storage Pressure - gauge 3.4 bar


Temperature 549 degC


Volume Inventory 47.6 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 12.9 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.58


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


7.53224E-002


3,600.00


243.24


2.66


539.60


0.86


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.25


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


7.53224E-002


3,600.00


243.24


2.66


539.60


0.86


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.45


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


7.53224E-002


3,600.00


243.24


2.66


539.60


0.86


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.41


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


7.53224E-002


3,600.00


243.24


2.66


539.60


0.86


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.71


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.53224E-002


3,600.00


2.66


539.60 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


243.24


0.86


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.237998 0.2405970.235708s


LFL       (8105.26) 18.75 1.97253 1.95321.99469s


LFL Frac  (4052.63) 18.75 3.8337 3.698544.02887s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 12.9 12.912.9s


LFL       (8105.26) 18.75 12.903 12.902212.9041s


LFL Frac  (4052.63) 18.75 12.916 12.909512.9302s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.2362250.237933s


LFL       (8105.26) 18.75 1.986431.95336s


LFL Frac  (4052.63) 18.75 3.978413.76067s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 12.912.9s


LFL       (8105.26) 18.75 12.90412.9028s


LFL Frac  (4052.63) 18.75 12.928512.9149s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 3.8337 3.698544.02887ppm


Furthest Extent 8105.26 1.97253 1.95321.99469ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 12.916 12.909512.9302ppm


Furthest Extent 8105.26 12.903 12.902212.9041ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 3.978413.76067ppm


Furthest Extent 8105.26 1.986431.95336ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 12.928512.9149ppm


Furthest Extent 8105.26 12.90412.9028ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 4_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 3.4 bar


Temperature 549 degC


Volume Inventory 47.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 12.9 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 358.33145 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.58


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


5.96911E-001


600.00


243.24


2.66


539.60


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.25


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


5.96911E-001


600.00


243.24


2.66


539.60


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.45


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


5.96911E-001


600.00


243.24


2.66


539.60


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.41


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


5.96911E-001


600.00


243.24


2.66


539.60


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.71


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.96911E-001


600.00


2.66


539.60 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


102 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 524.83


 391.47


243.24


0.86


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.645217 0.649030.641807s


LFL       (8105.26) 18.75 5.30606 5.110285.53855s


LFL Frac  (4052.63) 18.75 9.80967 9.1871510.8262s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 12.9 12.912.9s


LFL       (8105.26) 18.75 12.9211 12.914312.9321s


LFL Frac  (4052.63) 18.75 13.0008 12.956513.1124s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.642850.644622s


LFL       (8105.26) 18.75 5.496025.22785s


LFL Frac  (4052.63) 18.75 10.62589.57615s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 12.912.9s


LFL       (8105.26) 18.75 12.93112.92s


LFL Frac  (4052.63) 18.75 13.097712.9933s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 9.80967 9.1871510.8262ppm


Furthest Extent 8105.26 5.30606 5.110285.53855ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 13.0008 12.956513.1124ppm


Furthest Extent 8105.26 12.9211 12.914312.9321ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 10.62589.57615ppm


Furthest Extent 8105.26 5.496025.22785ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 13.097712.9933ppm


Furthest Extent 8105.26 12.93112.92ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-001 REACTOR 4_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 3.4 bar


Temperature 549 degC


Volume Inventory 47.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 12.9 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 358.33145 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2608.8127 m


North(1) -960.50816 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.58


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.17


 283.36


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.25


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.17


 283.36


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.45


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.17


 283.36


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.41


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 522.17


 283.36


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 358.15 kg


- Pressure 4.41 bar


- Temperature  549.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.71


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 522.17


 283.36


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


113 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 6.06843 6.188176.00472s


LFL       (8105.26) 18.75 18.6816 31.000911.0927s


LFL Frac  (4052.63) 18.75 38.682 64.430115.4739s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 12.9 12.912.9s


LFL       (8105.26) 18.75 12.9 12.912.9s


LFL Frac  (4052.63) 18.75 13.5618 13.539512.9s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 6.008286.07312s


LFL       (8105.26) 18.75 11.217119.1445s


LFL Frac  (4052.63) 18.75 16.744940.5456s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 12.912.9s


LFL       (8105.26) 18.75 12.912.9s


LFL Frac  (4052.63) 18.75 13.579913.5609s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 100.212 100.212100.212kW/m2


Radiation Level 12.5 46.5615 46.561546.5615kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 100.212100.212kW/m2


Radiation Level 12.5 46.561546.5615kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 38.682 64.430115.4739ppm


Furthest Extent 8105.26 18.6816 31.000911.0927ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 13.5618 13.539512.9ppm


Furthest Extent 8105.26 12.9 12.912.9ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 16.744940.5456ppm


Furthest Extent 8105.26 11.217119.1445ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 13.579913.5609ppm


Furthest Extent 8105.26 12.912.9ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-004 REACTOR 4\160C-001 REACTOR 4_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-101 DEBUTANIZER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 10.8 bar


Temperature 262 degC


Volume Inventory 32.3 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 913.72848 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2575.7257 m


North(1) -1010.5235 m


118 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


2.39192E-001


3,600.00


203.51


7.26


248.80


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


2.39192E-001


3,600.00


203.51


7.26


248.80


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


2.39192E-001


3,600.00


203.51


7.26


248.80


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


2.39192E-001


3,600.00


203.51


7.26


248.80


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.39192E-001


3,600.00


7.26


248.80 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


203.51


0.89


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.518091 0.5101460.525297s


LFL       (11247.5) 18.75 2.97814 2.691383.36335s


LFL Frac  (5623.75) 18.75 4.9741 4.271696.19675s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1 11s


LFL       (11247.5) 18.75 1.00097 1.000621.00161s


LFL Frac  (5623.75) 18.75 1.00431 1.002231.01034s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.5252520.516726s


LFL       (11247.5) 18.75 3.372092.96273s


LFL Frac  (5623.75) 18.75 6.236544.93066s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 11s


LFL       (11247.5) 18.75 1.001691.00101s


LFL Frac  (5623.75) 18.75 1.011361.00464s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 7.1342 6.789517.2881kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 7.28817.1342kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 5.72445 6.49824Not ReachedkW/m2


Radiation Level 12.5 Not Reached 3.25564Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached5.72445kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 4.9741 4.271696.19675ppm


Furthest Extent 11247.5 2.97814 2.691383.36335ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 1.00431 1.002231.01034ppm


Furthest Extent 11247.5 1.00097 1.000621.00161ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 6.236544.93066ppm


Furthest Extent 11247.5 3.372092.96273ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 1.011361.00464ppm


Furthest Extent 11247.5 1.001691.00101ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-101 DEBUTANIZER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 10.8 bar


Temperature 262 degC


Volume Inventory 32.3 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 913.72848 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2575.7257 m


North(1) -1010.5235 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


1.52254E+000


600.00


203.51


7.26


248.80


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


1.52254E+000


600.00


203.51


7.26


248.80


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


1.52254E+000


600.00


203.51


7.26


248.80


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


1.52254E+000


600.00


203.51


7.26


248.80


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.52254E+000


600.00


7.26


248.80 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 218.69


 386.00


203.51


0.89


0.05


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1.2862 1.258721.31299s


LFL       (11247.5) 18.75 7.03275 6.183738.29739s


LFL Frac  (5623.75) 18.75 13.8083 11.010817.3325s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1 11.00001s


LFL       (11247.5) 18.75 1.00525 1.003151.00976s


LFL Frac  (5623.75) 18.75 1.03791 1.015641.09354s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 1.313531.28395s


LFL       (11247.5) 18.75 8.337467.00931s


LFL Frac  (5623.75) 18.75 17.888414.1845s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 1.000011s


LFL       (11247.5) 18.75 1.010281.00551s


LFL Frac  (5623.75) 18.75 1.118421.04603s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.0271 15.561812.6695kW/m2


Radiation Level 4 20.7242 20.804120.5534kW/m2


Radiation Level 12.5 17.0952 18.005616.2068kW/m2


Radiation Level 37.5 13.671 15.320512.1849kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 12.669514.0271kW/m2


Radiation Level 4 20.553420.7242kW/m2


Radiation Level 12.5 16.206817.0952kW/m2


Radiation Level 37.5 12.184913.671kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 14.5968 15.74999.17872kW/m2


Radiation Level 12.5 3.60778 8.93116Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 9.1787214.5968kW/m2


Radiation Level 12.5 Not Reached3.60778kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 13.8083 11.010817.3325ppm


Furthest Extent 11247.5 7.03275 6.183738.29739ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 1.03791 1.015641.09354ppm


Furthest Extent 11247.5 1.00525 1.003151.00976ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 17.888414.1845ppm


Furthest Extent 11247.5 8.337467.00931ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 1.118421.04603ppm


Furthest Extent 11247.5 1.010281.00551ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160C-101 DEBUTANIZER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 10.8 bar


Temperature 262 degC


Volume Inventory 32.3 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 913.72848 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 15.5 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2575.7257 m


North(1) -1010.5235 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 203.84


 368.95


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 203.84


 368.95


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 203.84


 368.95


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 203.84


 368.95


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 913.52 kg


- Pressure 11.81 bar


- Temperature  262.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 203.84


 368.95


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 8.62653 8.835068.48181s


LFL       (11247.5) 18.75 20.7102 30.287115.7208s


LFL Frac  (5623.75) 18.75 35.042 57.158320.8471s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1 11s


LFL       (11247.5) 18.75 1 11s


LFL Frac  (5623.75) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 8.488338.64282s


LFL       (11247.5) 18.75 15.658220.6817s


LFL Frac  (5623.75) 18.75 20.768235.5735s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 11s


LFL       (11247.5) 18.75 11s


LFL Frac  (5623.75) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 29.2907 29.290729.2907kW/m2


Radiation Level 4 172.562 172.562172.562kW/m2


Radiation Level 12.5 88.886 88.88688.886kW/m2


Radiation Level 37.5 23.5926 23.592623.5926kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 29.290729.2907kW/m2


Radiation Level 4 172.562172.562kW/m2


Radiation Level 12.5 88.88688.886kW/m2


Radiation Level 37.5 23.592623.5926kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 35.042 57.158320.8471ppm


Furthest Extent 11247.5 20.7102 30.287115.7208ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 1 11ppm


Furthest Extent 11247.5 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 20.768235.5735ppm


Furthest Extent 11247.5 15.658220.6817ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 11ppm


Furthest Extent 11247.5 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160C-101 DEBUTANIZER\160C-101 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-101 FIRST STAGE SUCTION DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 6.1 bar


Temperature 55 degC


Volume Inventory 2.5 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1805.0237 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2548.0249 m


North(1) -939.73258 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


1.48027E+000


1,219.39


43.50


1.01


54.81


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


1.48027E+000


1,219.39


43.50


1.01


54.81


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


1.48027E+000


1,219.39


43.50


1.01


54.81


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


1.48027E+000


1,219.39


43.50


1.01


54.81


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.48027E+000


1,219.39


1.01


54.81 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


43.50


0.60


0.00


fraction


degC


m/s


m/s


m


um 103.22


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


F 1,5 m/sD 1,5 m/s


Release Segment 1


Release Duration 1219.391219.39s


Liquid Rainout 0.1141580.0587338fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 377.331369.601s


Pool Vaporization Rate 0.01599330.01003kg/s


Total Vapor Flowrate 1.327281.40336kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 166.725165.165s


Pool Vaporization Rate 0.03616970.0224032kg/s


Total Vapor Flowrate 1.347461.41573kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 131.944132.165s


Pool Vaporization Rate 0.04556030.0281217kg/s


Total Vapor Flowrate 1.356851.42145kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 115.016114.272s


Pool Vaporization Rate 0.0526810.0324045kg/s


Total Vapor Flowrate 1.363971.42574kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 198.087200.053s


Pool Vaporization Rate 0.06095840.0372943kg/s


Total Vapor Flowrate 1.372251.43063kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 249.567252.14s


Pool Vaporization Rate 0.07160320.0434897kg/s


Total Vapor Flowrate 1.382891.43682kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2361.332366.6s


Pool Vaporization Rate 0.0353380.0187332kg/s


Total Vapor Flowrate 0.07160320.0434897kg/s


Maximum Pool Radius 3.565162.46632m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 4.18622 3.702254.92707s


LFL       (11247.5) 18.75 18.41 10.922531.6831s


LFL Frac  (5623.75) 18.75 35.426 23.460663.6602s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.939102 0.9601320.895345s


LFL       (11247.5) 18.75 0.344425 0.7682960s


LFL Frac  (5623.75) 18.75 0 0.5895310s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 4.945894.14272s


LFL       (11247.5) 18.75 38.520720.1977s


LFL Frac  (5623.75) 18.75 63.11234.8715s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.8896050.937207s


LFL       (11247.5) 18.75 00.111606s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.3988 18.163223.911kW/m2


Radiation Level 4 32.1698 30.744936.4161kW/m2


Radiation Level 12.5 24.0125 22.672828.5067kW/m2


Radiation Level 37.5 19.151 17.924123.655kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 23.91119.3988kW/m2


Radiation Level 4 36.416132.1698kW/m2


Radiation Level 12.5 28.506724.0125kW/m2


Radiation Level 37.5 23.65519.151kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


154 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 10.7182 11.7867Not ReachedkW/m2


Radiation Level 4 26.746 23.713424.801kW/m2


Radiation Level 12.5 16.9483 16.173613.8194kW/m2


Radiation Level 37.5 10.4286 11.5397Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached10.7182kW/m2


Radiation Level 4 24.80126.746kW/m2


Radiation Level 12.5 13.819416.9483kW/m2


Radiation Level 37.5 Not Reached10.4286kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


F 1,5 m/sD 1,5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 14.850315.6435kW/m2


Radiation Level 4 22.322121.3746kW/m2


Radiation Level 12.5 18.430418.409kW/m2


Radiation Level 37.5 14.661215.4957kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


F 1,5 m/sD 1,5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 17.601718.3808kW/m2


Radiation Level 4 39.010935.2963kW/m2


Radiation Level 12.5 27.034826.1272kW/m2


Radiation Level 37.5 17.193318.0572kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 35.426 23.460663.6602ppm


Furthest Extent 11247.5 18.41 10.922531.6831ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 0.5895310ppm


Furthest Extent 11247.5 0.344425 0.7682960ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 63.11234.8715ppm


Furthest Extent 11247.5 38.520720.1977ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00.111606ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


157 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


160D-101 FIRST STAGE SUCTION DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 6.1 bar


Temperature 55 degC


Volume Inventory 2.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1805.0237 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2548.0249 m


North(1) -939.73258 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


3.00837E+000


600.00


43.50


1.01


54.81


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


3.00837E+000


600.00


43.50


1.01


54.81


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


3.00837E+000


600.00


43.50


1.01


54.81


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


3.00837E+000


600.00


43.50


1.01


54.81


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 103.22


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.00837E+000


600.00


1.01


54.81 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.81


 43.50


43.50


0.60


0.02


fraction


degC


m/s


m/s


m


um 103.22


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


E 5 m/s F 1,5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.00559956 0.2251440.171345fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 187.69 197.403196.701s


Pool Vaporization Rate 0.00152572 0.03068220.0277653kg/s


Total Vapor Flowrate 2.99305 2.361742.52067kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 82.0906 83.998184.7s


Pool Vaporization Rate 0.00346989 0.07226360.0649383kg/s


Total Vapor Flowrate 2.995 2.403322.55784kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.1094 65.4966.4219s


Pool Vaporization Rate 0.0043838 0.09226830.0827357kg/s


Total Vapor Flowrate 2.99591 2.423322.57564kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.1606 56.11557.1931s


Pool Vaporization Rate 0.00508008 0.1077160.0964466kg/s


Total Vapor Flowrate 2.99661 2.438772.58935kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.3594 96.516997.865s


Pool Vaporization Rate 0.00589567 0.1261460.112668kg/s


Total Vapor Flowrate 2.99742 2.45722.60557kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 121.43 118.993119.372s


Pool Vaporization Rate 0.00695796 0.1504710.133654kg/s


Total Vapor Flowrate 2.99849 2.481532.62656kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2276.29 2981.482977.75s


Pool Vaporization Rate 0.0026053 0.07254020.0575539kg/s


Total Vapor Flowrate 0.00695796 0.1504710.133654kg/s


Maximum Pool Radius 0.795284 5.419584.66714m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 5.71646 4.989396.87578s


LFL       (11247.5) 18.75 33.8908 22.838644.8932s


LFL Frac  (5623.75) 18.75 53.2231 42.320887.4447s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.887315 0.9279260.797274s


LFL       (11247.5) 18.75 0 0.5140630s


LFL Frac  (5623.75) 18.75 0 0.2573090s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 6.933815.67366s


LFL       (11247.5) 18.75 55.354434.285s


LFL Frac  (5623.75) 18.75 85.091351.2822s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.782810.882833s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 26.6882 25.010332.7898kW/m2


Radiation Level 4 44.482 42.545850.1933kW/m2


Radiation Level 12.5 33.0859 31.278939.1497kW/m2


Radiation Level 37.5 26.3453 24.677532.4359kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 32.789826.6882kW/m2


Radiation Level 4 50.193344.482kW/m2


Radiation Level 12.5 39.149733.0859kW/m2


Radiation Level 37.5 32.435926.3453kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.1908 15.4473Not ReachedkW/m2


Radiation Level 4 35.6969 31.904234.761kW/m2


Radiation Level 12.5 22.3802 21.570719.6752kW/m2


Radiation Level 37.5 13.8748 15.0941Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached14.1908kW/m2


Radiation Level 4 34.76135.6969kW/m2


Radiation Level 12.5 19.675222.3802kW/m2


Radiation Level 37.5 Not Reached13.8748kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


E 5 m/s F 1,5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Distance (m)


E 5 m/s F 1,5 m/sD 1,5 m/s


Radiation Level 35 19.663 18.19219.3379kW/m2


Radiation Level 4 22.0395 30.629630.5837kW/m2


Radiation Level 12.5 20.8874 24.020824.6405kW/m2


Radiation Level 37.5 19.5412 17.896219.0364kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


E 5 m/s F 1,5 m/sD 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


E 5 m/s F 1,5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Distance (m)


E 5 m/s F 1,5 m/sD 1,5 m/s


Radiation Level 35 21.6793 20.648921.3122kW/m2


Radiation Level 4 28.7346 46.828946.1837kW/m2


Radiation Level 12.5 25.295 30.679231.6692kW/m2


Radiation Level 37.5 21.4038 20.648921.3122kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


E 5 m/s F 1,5 m/sD 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 53.2231 42.320887.4447ppm


Furthest Extent 11247.5 33.8908 22.838644.8932ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 0.2573090ppm


Furthest Extent 11247.5 0 0.5140630ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 85.091351.2822ppm


Furthest Extent 11247.5 55.354434.285ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-101 FIRST STAGE SUCTION DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 6.1 bar


Temperature 55 degC


Volume Inventory 2.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1805.0237 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2548.0249 m


North(1) -939.73258 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 14.22


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 338.34


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 14.22


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 338.34


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 14.22


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 338.34


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 54.81


 14.22


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 338.34


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,805.02 kg


- Pressure 7.11 bar


- Temperature  55.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 54.81


 14.22


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 338.34


 1.00


Final data (after atmospheric expansion):


175 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.825162 0.8199790.827335fraction


Initial Vapor Cloud 315.586 324.942311.665kg


Time Pool Left Behind 15.6364 8.1823674.7243s


Cloud Segment 1


Cloud Segment Duration 3600 36003600s


Pool Vaporization Rate 0.336284 0.3556170.295595kg/s


Maximum Pool Radius 11.0528 11.004211.0933m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.8273150.826462fraction


Initial Vapor Cloud 311.7313.24kg


Time Pool Left Behind 169.42120.0639s


Cloud Segment 1


Cloud Segment Duration 36003600s


Pool Vaporization Rate 0.2785610.33131kg/s


Maximum Pool Radius 11.106411.0681m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 14.1559 15.08514.3632s


LFL       (11247.5) 18.75 60.2214 71.920368.3692s


LFL Frac  (5623.75) 18.75 90.0352 115.87889.3525s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 13.260113.9734s


LFL       (11247.5) 18.75 62.290353.6341s


LFL Frac  (5623.75) 18.75 78.972778.0462s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 53.1154 56.858943.0482kW/m2


Radiation Level 12.5 23.2132 26.802917.4645kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 43.083453.2752kW/m2


Radiation Level 12.5 17.485223.3445kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 90.0352 115.87889.3525ppm


Furthest Extent 11247.5 60.2214 71.920368.3692ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 78.972778.0462ppm


Furthest Extent 11247.5 62.290353.6341ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-101 FIRST STAGE SUCTION DRUM\160D-101 FIRST STAGE SUCTION DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-106 DEBUTANIZER RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 11.4 bar


Temperature 34 degC


Volume Inventory 4.4 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2217.7177 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


180 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2578.0341 m


North(1) -992.82573 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


1.66682E+000


1,330.51


69.95


1.01


32.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


1.66682E+000


1,330.51


69.95


1.01


32.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


1.66682E+000


1,330.51


69.95


1.01


32.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


1.66682E+000


1,330.51


69.95


1.01


32.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.66682E+000


1,330.51


1.01


32.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


69.95


0.60


0.02


fraction


degC


m/s


m/s


m


um 121.17


 0.64


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 3.12588 2.9523.31932s


LFL       (18181.8) 18.75 11.5983 8.9035515.2122s


LFL Frac  (9090.91) 18.75 29.1235 21.737835.2087s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.997652 0.9980930.997086s


LFL       (18181.8) 18.75 0.923526 0.9658180.830979s


LFL Frac  (9090.91) 18.75 0.718988 0.8838860.310138s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.321363.11557s


LFL       (18181.8) 18.75 15.804411.8767s


LFL Frac  (9090.91) 18.75 39.499731.2627s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.997030.997615s


LFL       (18181.8) 18.75 0.8013660.913739s


LFL Frac  (9090.91) 18.75 00.612923s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 18.0853 17.031822.4476kW/m2


Radiation Level 4 28.9615 28.315532.7584kW/m2


Radiation Level 12.5 21.9922 21.077926.2012kW/m2


Radiation Level 37.5 17.8763 16.817422.2401kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 22.447618.0853kW/m2


Radiation Level 4 32.758428.9615kW/m2


Radiation Level 12.5 26.201221.9922kW/m2


Radiation Level 37.5 22.240117.8763kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 5.78361 9.10357Not ReachedkW/m2


Radiation Level 4 21.0541 21.83621.4342kW/m2


Radiation Level 12.5 12.415 14.21168.51787kW/m2


Radiation Level 37.5 4.85112 8.88078Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached5.78361kW/m2


Radiation Level 4 21.434221.0541kW/m2


Radiation Level 12.5 8.5178712.415kW/m2


Radiation Level 37.5 Not Reached4.85112kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 29.1235 21.737835.2087ppm


Furthest Extent 18181.8 11.5983 8.9035515.2122ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.718988 0.8838860.310138ppm


Furthest Extent 18181.8 0.923526 0.9658180.830979ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 39.499731.2627ppm


Furthest Extent 18181.8 15.804411.8767ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.612923ppm


Furthest Extent 18181.8 0.8013660.913739ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-106 DEBUTANIZER RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Risk
Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2217.7177 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2578.0341 m


North(1) -992.82573 m


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 11.4 bar


Temperature 34 degC


Volume Inventory 4.4 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:
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Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


191 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


3.69620E+000


600.00


69.95


1.01


32.95


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


3.69620E+000


600.00


69.95


1.01


32.95


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


3.69620E+000


600.00


69.95


1.01


32.95


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


3.69620E+000


600.00


69.95


1.01


32.95


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 121.17


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.69620E+000


600.00


1.01


32.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 198.77


69.95


0.60


0.10


fraction


degC


m/s


m/s


m


um 121.17


 0.64


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 4.58493 4.296284.92318s


LFL       (18181.8) 18.75 22.1171 17.936725.8096s


LFL Frac  (9090.91) 18.75 57.2034 46.938460.8404s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.994927 0.9959440.993528s


LFL       (18181.8) 18.75 0.83771 0.913060.707433s


LFL Frac  (9090.91) 18.75 0.338853 0.7105290s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 4.92954.57068s


LFL       (18181.8) 18.75 27.140922.8631s


LFL Frac  (9090.91) 18.75 67.755358.7519s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9933980.99485s


LFL       (18181.8) 18.75 0.5878590.807019s


LFL Frac  (9090.91) 18.75 00.0708406s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 26.0442 24.561632.2107kW/m2


Radiation Level 4 41.8545 40.965647.186kW/m2


Radiation Level 12.5 31.7018 30.42437.6336kW/m2


Radiation Level 37.5 25.7427 24.250531.917kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 32.210726.0442kW/m2


Radiation Level 4 47.18641.8545kW/m2


Radiation Level 12.5 37.633631.7018kW/m2


Radiation Level 37.5 31.91725.7427kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 8.1134 12.5276Not ReachedkW/m2


Radiation Level 4 29.1433 30.54131.6176kW/m2


Radiation Level 12.5 17.2809 19.555313.9966kW/m2


Radiation Level 37.5 7.04551 12.2465Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached8.1134kW/m2


Radiation Level 4 31.617629.1433kW/m2


Radiation Level 12.5 13.996617.2809kW/m2


Radiation Level 37.5 Not Reached7.04551kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 57.2034 46.938460.8404ppm


Furthest Extent 18181.8 22.1171 17.936725.8096ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.338853 0.7105290ppm


Furthest Extent 18181.8 0.83771 0.913060.707433ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 67.755358.7519ppm


Furthest Extent 18181.8 27.140922.8631ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.0708406ppm


Furthest Extent 18181.8 0.5878590.807019ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-106 DEBUTANIZER RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 11.4 bar


Temperature 34 degC


Volume Inventory 4.4 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2217.7177 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 16.7 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2578.0341 m


North(1) -992.82573 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 187.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 110.89


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 187.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 110.89


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 187.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 110.89


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 187.05


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 110.89


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,217.72 kg


- Pressure 12.41 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 187.05


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 110.89


 0.64


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 14.1782 18.377211.4659s


LFL       (18181.8) 18.75 63.7076 103.3626.1187s


LFL Frac  (9090.91) 18.75 158.36 215.261100.18s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 01.2777e-006s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11.476714.261s


LFL       (18181.8) 18.75 26.977865.4088s


LFL Frac  (9090.91) 18.75 91.0633157.083s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 1.19098e-0060s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 52.3708 52.370852.3708kW/m2


Radiation Level 4 248.546 248.546248.546kW/m2


Radiation Level 12.5 131.07 131.07131.07kW/m2


Radiation Level 37.5 46.7429 46.742946.7429kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 52.370852.3708kW/m2


Radiation Level 4 248.546248.546kW/m2


Radiation Level 12.5 131.07131.07kW/m2


Radiation Level 37.5 46.742946.7429kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 158.36 215.261100.18ppm


Furthest Extent 18181.8 63.7076 103.3626.1187ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 01.2777e-006ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 91.0633157.083ppm


Furthest Extent 18181.8 26.977865.4088ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 1.19098e-0060ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-106 DEBUTANIZER RECEIVER\160D-106 DEBUTANIZER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-107A/B LPG CHLORIDE TREATER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19.1 bar


Temperature 34 degC


Volume Inventory 3.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1814.4963 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2589.5761 m


North(1) -991.2868 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


2.15635E+000


841.47


90.31


1.01


32.30


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


2.15635E+000


841.47


90.31


1.01


32.30


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


2.15635E+000


841.47


90.31


1.01


32.30


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


2.15635E+000


841.47


90.31


1.01


32.30


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.15635E+000


841.47


1.01


32.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


213 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


90.31


0.60


0.02


fraction


degC


m/s


m/s


m


um 116.15


 0.64


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 3.49627 3.300813.71997s


UFL       (93442.6) 18.75 3.49627 3.300813.71997s


LFL       (18181.8) 18.75 14.0014 10.749917.7284s


LFL       (18181.8) 18.75 14.0014 10.749917.7284s


LFL Frac  (9090.91) 18.75 36.3276 28.220441.1753s


LFL Frac  (9090.91) 18.75 36.3276 28.220441.1753s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.997223 0.9977340.996531s


UFL       (93442.6) 18.75 0.997223 0.9977340.996531s


LFL       (18181.8) 18.75 0.907248 0.9552730.814044s


LFL       (18181.8) 18.75 0.907248 0.9552730.814044s


LFL Frac  (9090.91) 18.75 0.641374 0.8460640.172683s


LFL Frac  (9090.91) 18.75 0.641374 0.8460640.172683s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.723183.48562s


UFL       (93442.6) 18.75 3.723183.48562s


LFL       (18181.8) 18.75 18.475114.3604s


LFL       (18181.8) 18.75 18.475114.3604s


LFL Frac  (9090.91) 18.75 46.449438.6225s


LFL Frac  (9090.91) 18.75 46.449438.6225s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9964680.997175s


UFL       (93442.6) 18.75 0.9964680.997175s
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LFL       (18181.8) 18.75 0.773090.895013s


LFL       (18181.8) 18.75 0.773090.895013s


LFL Frac  (9090.91) 18.75 00.501737s


LFL Frac  (9090.91) 18.75 00.501737s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 20.2419 19.074325.1013kW/m2


Radiation Level 35 20.2419 19.074325.1013kW/m2


Radiation Level 4 32.4276 31.720536.6573kW/m2


Radiation Level 4 32.4276 31.720536.6573kW/m2


Radiation Level 12.5 24.6106 23.602829.2977kW/m2


Radiation Level 12.5 24.6106 23.602829.2977kW/m2


Radiation Level 37.5 20.0103 18.832524.8726kW/m2


Radiation Level 37.5 20.0103 18.832524.8726kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 25.101320.2419kW/m2


Radiation Level 35 25.101320.2419kW/m2


Radiation Level 4 36.657332.4276kW/m2


Radiation Level 4 36.657332.4276kW/m2


Radiation Level 12.5 29.297724.6106kW/m2


Radiation Level 12.5 29.297724.6106kW/m2


Radiation Level 37.5 24.872620.0103kW/m2


Radiation Level 37.5 24.872620.0103kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.17057 9.95242Not ReachedkW/m2


Radiation Level 35 6.17057 9.95242Not ReachedkW/m2


Radiation Level 4 23.1251 24.139924.174kW/m2


Radiation Level 4 23.1251 24.139924.174kW/m2


Radiation Level 12.5 13.655 15.55849.99037kW/m2


Radiation Level 12.5 13.655 15.55849.99037kW/m2


Radiation Level 37.5 5.07524 9.68349Not ReachedkW/m2


Radiation Level 37.5 5.07524 9.68349Not ReachedkW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.17057kW/m2


Radiation Level 35 Not Reached6.17057kW/m2


Radiation Level 4 24.17423.1251kW/m2


Radiation Level 4 24.17423.1251kW/m2


Radiation Level 12.5 9.9903713.655kW/m2


Radiation Level 12.5 9.9903713.655kW/m2


Radiation Level 37.5 Not Reached5.07524kW/m2


Radiation Level 37.5 Not Reached5.07524kW/m2


221 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 36.3276 28.220441.1753ppm


Furthest Extent 9090.91 36.3276 28.220441.1753ppm


Furthest Extent 18181.8 14.0014 10.749917.7284ppm


Furthest Extent 18181.8 14.0014 10.749917.7284ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.641374 0.8460640.172683ppm


Furthest Extent 9090.91 0.641374 0.8460640.172683ppm


Furthest Extent 18181.8 0.907248 0.9552730.814044ppm


Furthest Extent 18181.8 0.907248 0.9552730.814044ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 46.449438.6225ppm


Furthest Extent 9090.91 46.449438.6225ppm


Furthest Extent 18181.8 18.475114.3604ppm


Furthest Extent 18181.8 18.475114.3604ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.501737ppm


Furthest Extent 9090.91 00.501737ppm


Furthest Extent 18181.8 0.773090.895013ppm


Furthest Extent 18181.8 0.773090.895013ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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160D-107A/B LPG CHLORIDE TREATER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19.1 bar


Temperature 34 degC


Volume Inventory 3.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1814.4963 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2589.5761 m


North(1) -991.2868 m


225 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


3.02416E+000


600.00


90.31


1.01


32.30


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


3.02416E+000


600.00


90.31


1.01


32.30


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


3.02416E+000


600.00


90.31


1.01


32.30


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


3.02416E+000


600.00


90.31


1.01


32.30


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 116.15


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.02416E+000


600.00


1.01


32.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


228 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 204.99


90.31


0.60


0.11


fraction


degC


m/s


m/s


m


um 116.15


 0.64


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 4.12029 3.869694.39343s


UFL       (93442.6) 18.75 4.12029 3.869694.39343s


LFL       (18181.8) 18.75 18.4559 14.552722.2736s


LFL       (18181.8) 18.75 18.4559 14.552722.2736s


LFL Frac  (9090.91) 18.75 48.4455 39.100251.9833s


LFL Frac  (9090.91) 18.75 48.4455 39.100251.9833s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.99612 0.9968910.99517s


UFL       (93442.6) 18.75 0.99612 0.9968910.99517s


LFL       (18181.8) 18.75 0.873211 0.9340590.764147s


LFL       (18181.8) 18.75 0.873211 0.9340590.764147s


LFL Frac  (9090.91) 18.75 0.482942 0.7731430s


LFL Frac  (9090.91) 18.75 0.482942 0.7731430s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 4.397854.10765s


UFL       (93442.6) 18.75 4.397854.10765s


LFL       (18181.8) 18.75 23.235919.0509s


LFL       (18181.8) 18.75 23.235919.0509s


LFL Frac  (9090.91) 18.75 58.359550.5009s


LFL Frac  (9090.91) 18.75 58.359550.5009s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9950820.996059s


UFL       (93442.6) 18.75 0.9950820.996059s
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LFL       (18181.8) 18.75 0.6922720.852464s


LFL       (18181.8) 18.75 0.6922720.852464s


LFL Frac  (9090.91) 18.75 00.274237s


LFL Frac  (9090.91) 18.75 00.274237s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 23.634 22.282629.2622kW/m2


Radiation Level 35 23.634 22.282629.2622kW/m2


Radiation Level 4 37.9181 37.106942.8039kW/m2


Radiation Level 4 37.9181 37.106942.8039kW/m2


Radiation Level 12.5 28.7484 27.583234.1696kW/m2


Radiation Level 12.5 28.7484 27.583234.1696kW/m2


Radiation Level 37.5 23.3609 22.000828.9958kW/m2


Radiation Level 37.5 23.3609 22.000828.9958kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 29.262223.634kW/m2


Radiation Level 35 29.262223.634kW/m2


Radiation Level 4 42.803937.9181kW/m2


Radiation Level 4 42.803937.9181kW/m2


Radiation Level 12.5 34.169628.7484kW/m2


Radiation Level 12.5 34.169628.7484kW/m2


Radiation Level 37.5 28.995823.3609kW/m2


Radiation Level 37.5 28.995823.3609kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.14283 11.3872Not ReachedkW/m2


Radiation Level 35 7.14283 11.3872Not ReachedkW/m2


Radiation Level 4 26.5508 27.829328.5128kW/m2


Radiation Level 4 26.5508 27.829328.5128kW/m2


Radiation Level 12.5 15.7211 17.810312.316kW/m2


Radiation Level 12.5 15.7211 17.810312.316kW/m2


Radiation Level 37.5 6.01801 11.1381Not ReachedkW/m2


Radiation Level 37.5 6.01801 11.1381Not ReachedkW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.14283kW/m2


Radiation Level 35 Not Reached7.14283kW/m2


Radiation Level 4 28.512826.5508kW/m2


Radiation Level 4 28.512826.5508kW/m2


Radiation Level 12.5 12.31615.7211kW/m2


Radiation Level 12.5 12.31615.7211kW/m2


Radiation Level 37.5 Not Reached6.01801kW/m2


Radiation Level 37.5 Not Reached6.01801kW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 48.4455 39.100251.9833ppm


Furthest Extent 9090.91 48.4455 39.100251.9833ppm


Furthest Extent 18181.8 18.4559 14.552722.2736ppm


Furthest Extent 18181.8 18.4559 14.552722.2736ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.482942 0.7731430ppm


Furthest Extent 9090.91 0.482942 0.7731430ppm


Furthest Extent 18181.8 0.873211 0.9340590.764147ppm


Furthest Extent 18181.8 0.873211 0.9340590.764147ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 58.359550.5009ppm


Furthest Extent 9090.91 58.359550.5009ppm


Furthest Extent 18181.8 23.235919.0509ppm


Furthest Extent 18181.8 23.235919.0509ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00.274237ppm


Furthest Extent 9090.91 00.274237ppm


Furthest Extent 18181.8 0.6922720.852464ppm


Furthest Extent 18181.8 0.6922720.852464ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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160D-107A/B LPG CHLORIDE TREATER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 19.1 bar


Temperature 34 degC


Volume Inventory 3.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1814.4963 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 31.5 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2589.5761 m


North(1) -991.2868 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 185.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 100.73


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 185.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 100.73


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 185.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 100.73


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 185.58


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 100.73


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,814.50 kg


- Pressure 20.11 bar


- Temperature  34.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 185.58


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 100.73


 0.64


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107B LPG CHLORIDE TREATER(1)\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 13.1832 17.142210.7112s


UFL       (93442.6) 18.75 13.1832 17.142210.7112s


LFL       (18181.8) 18.75 60.5783 96.063224.8475s


LFL       (18181.8) 18.75 60.5783 96.063224.8475s


LFL Frac  (9090.91) 18.75 150.176 196.12495.3657s


LFL Frac  (9090.91) 18.75 150.176 196.12495.3657s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 0 00s


LFL       (18181.8) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


LFL Frac  (9090.91) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 10.700313.2204s


UFL       (93442.6) 18.75 10.700313.2204s


LFL       (18181.8) 18.75 25.315861.7831s


LFL       (18181.8) 18.75 25.315861.7831s


LFL Frac  (9090.91) 18.75 85.7142148.233s


LFL Frac  (9090.91) 18.75 85.7142148.233s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


UFL       (93442.6) 18.75 11s
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LFL       (18181.8) 18.75 00s


LFL       (18181.8) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


Fireball Flame Status HazardHazard


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 61.8083 61.808361.8083kW/m2


Radiation Level 35 61.8083 61.808361.8083kW/m2


Radiation Level 4 255.838 255.838255.838kW/m2


Radiation Level 4 255.838 255.838255.838kW/m2


Radiation Level 12.5 137.605 137.605137.605kW/m2


Radiation Level 12.5 137.605 137.605137.605kW/m2


Radiation Level 37.5 56.9093 56.909356.9093kW/m2


Radiation Level 37.5 56.9093 56.909356.9093kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 61.808361.8083kW/m2


Radiation Level 35 61.808361.8083kW/m2


Radiation Level 4 255.838255.838kW/m2


Radiation Level 4 255.838255.838kW/m2


Radiation Level 12.5 137.605137.605kW/m2


Radiation Level 12.5 137.605137.605kW/m2


Radiation Level 37.5 56.909356.9093kW/m2


Radiation Level 37.5 56.909356.9093kW/m2
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Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 150.176 196.12495.3657ppm


Furthest Extent 9090.91 150.176 196.12495.3657ppm


Furthest Extent 18181.8 60.5783 96.063224.8475ppm


Furthest Extent 18181.8 60.5783 96.063224.8475ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 00ppm


Furthest Extent 9090.91 0 00ppm


Furthest Extent 18181.8 0 00ppm


Furthest Extent 18181.8 0 00ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 85.7142148.233ppm


Furthest Extent 9090.91 85.7142148.233ppm


Furthest Extent 18181.8 25.315861.7831ppm


Furthest Extent 18181.8 25.315861.7831ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 00ppm


Furthest Extent 18181.8 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-107A LPG CHLORIDE TREATER\160D-107A/B LPG CHLORIDE TREATER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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160D-302 TOLUENE COLUMN RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier TOLUENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 104 degC


Volume Inventory 4.5 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3542.2259 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2535.7135 m


North(1) -956.66083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


7.41437E-001


3,600.00


19.99


1.01


103.95


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


7.41437E-001


3,600.00


19.99


1.01


103.95


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


7.41437E-001


3,600.00


19.99


1.01


103.95


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


7.41437E-001


3,600.00


19.99


1.01


103.95


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.41437E-001


3,600.00


1.01


103.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


19.99


0.60


0.00


fraction


degC


m/s


m/s


m


um 472.91


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.702097 0.6907690.717585fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 1030.41 1027.21036.84s


Pool Vaporization Rate 0.035827 0.03946290.0288233kg/s


Total Vapor Flowrate 0.256703 0.2687380.238216kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 463.412 462.758466.661s


Pool Vaporization Rate 0.0795904 0.08778190.0640583kg/s


Total Vapor Flowrate 0.300467 0.3170570.273451kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 365.943 365.496367.062s


Pool Vaporization Rate 0.100869 0.1110980.0814583kg/s


Total Vapor Flowrate 0.321745 0.3403730.290851kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 316.457 316.104315s


Pool Vaporization Rate 0.117283 0.1289830.0949428kg/s


Total Vapor Flowrate 0.338159 0.3582580.304336kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 540.793 542.85539.278s


Pool Vaporization Rate 0.136641 0.1500120.110974kg/s


Total Vapor Flowrate 0.357518 0.3792870.320367kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 684.79 687.396679.883s


Pool Vaporization Rate 0.162336 0.1777570.132506kg/s


Total Vapor Flowrate 0.383212 0.4070320.341899kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 198.194 198.194195.277s


Pool Vaporization Rate 0.179667 0.196320.14716kg/s


Total Vapor Flowrate 0.400543 0.4255960.356553kg/s


Maximum Pool Radius 10.4374 10.201810.8206m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.719270.703299fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 1043.291033.62s


Pool Vaporization Rate 0.02466350.0339483kg/s


Total Vapor Flowrate 0.2328070.253933kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 467.976464.068s


Pool Vaporization Rate 0.05505360.0755505kg/s


Total Vapor Flowrate 0.2631970.295535kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 367.957366.391s
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Pool Vaporization Rate 0.07018510.0958553kg/s


Total Vapor Flowrate 0.2783290.31584kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 315.7314.475s


Pool Vaporization Rate 0.08197730.111508kg/s


Total Vapor Flowrate 0.2901210.331493kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 537.753541.067s


Pool Vaporization Rate 0.09603480.130029kg/s


Total Vapor Flowrate 0.3041780.350014kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 674.965682.183s


Pool Vaporization Rate 0.1149750.154706kg/s


Total Vapor Flowrate 0.3231190.374691kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 192.359198.194s


Pool Vaporization Rate 0.1279060.171387kg/s


Total Vapor Flowrate 0.3360490.391372kg/s


Maximum Pool Radius 10.974110.5124m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 3.36633 2.877374.32341s


LFL       (12000) 18.75 5.75404 5.9655613.2655s


LFL Frac  (6000) 18.75 12.4159 6.767630.4525s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 0.861612 0.9200310.686356s


LFL       (12000) 18.75 0.660552 0.7998050.118945s


LFL Frac  (6000) 18.75 0.502822 0.7804760s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 4.398363.30902s


LFL       (12000) 18.75 15.27815.69497s


LFL Frac  (6000) 18.75 30.362614.0811s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 0.6456720.854389s


LFL       (12000) 18.75 00.617026s


LFL Frac  (6000) 18.75 00.409343s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.3991 13.656517.4228kW/m2


Radiation Level 4 23.0014 22.111726.4021kW/m2


Radiation Level 12.5 17.5535 16.722220.8779kW/m2


Radiation Level 37.5 14.2208 13.4917.2076kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.375914.3727kW/m2


Radiation Level 4 26.33122.9591kW/m2


Radiation Level 12.5 20.82217.5214kW/m2


Radiation Level 37.5 17.161214.1947kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.78101 9.5725Not ReachedkW/m2


Radiation Level 4 18.5935 18.15116.6548kW/m2


Radiation Level 12.5 12.0858 12.67749.40599kW/m2


Radiation Level 37.5 7.61762 9.39931Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.76673kW/m2


Radiation Level 4 16.607418.5585kW/m2


Radiation Level 12.5 9.3768212.0637kW/m2


Radiation Level 37.5 Not Reached7.60366kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 10.3629 11.93628.78893kW/m2


Radiation Level 4 21.1604 21.883920.0809kW/m2


Radiation Level 12.5 15.8687 17.258314.1087kW/m2


Radiation Level 37.5 9.92447 11.36298.50262kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 8.6690910.067kW/m2


Radiation Level 4 19.970220.8665kW/m2


Radiation Level 12.5 13.99315.5717kW/m2


Radiation Level 37.5 8.382519.62199kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 51.5807 53.702945.1064kW/m2


Radiation Level 12.5 26.0978 28.968821.2136kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 45.193451.4429kW/m2


Radiation Level 12.5 21.115725.7943kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 12.4159 6.767630.4525ppm


Furthest Extent 12000 5.75404 5.9655613.2655ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 0.502822 0.7804760ppm


Furthest Extent 12000 0.660552 0.7998050.118945ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6000 30.362614.0811ppm


Furthest Extent 12000 15.27815.69497ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6000 00.409343ppm


Furthest Extent 12000 00.617026ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-302 TOLUENE COLUMN RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier TOLUENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 104 degC


Volume Inventory 4.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3542.2259 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2535.7135 m


North(1) -956.66083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


5.90371E+000


600.00


19.99


1.01


103.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


5.90371E+000


600.00


19.99


1.01


103.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


5.90371E+000


600.00


19.99


1.01


103.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


5.90371E+000


600.00


19.99


1.01


103.95


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 472.91


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.90371E+000


600.00


1.01


103.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 103.95


 19.99


19.99


0.60


0.02


fraction


degC


m/s


m/s


m


um 472.91


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.73472 0.7214990.749989fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 178.891 182.25175.563s


Pool Vaporization Rate 0.0674984 0.0709920.0570071kg/s


Total Vapor Flowrate 1.63363 1.715181.533kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 83.5494 83.4484.4531s


Pool Vaporization Rate 0.144394 0.1551840.119229kg/s


Total Vapor Flowrate 1.71053 1.799371.59522kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 66.0756 65.5566.69s


Pool Vaporization Rate 0.183482 0.1977990.151083kg/s


Total Vapor Flowrate 1.74962 1.841991.62707kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.625 55.865657.4544s


Pool Vaporization Rate 0.214283 0.2312560.176177kg/s


Total Vapor Flowrate 1.78042 1.875451.65217kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 96.6619 95.79597.6425s


Pool Vaporization Rate 0.251471 0.2717110.206455kg/s


Total Vapor Flowrate 1.8176 1.91591.68245kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 118.198 117.099118.198s


Pool Vaporization Rate 0.301778 0.3265820.24713kg/s


Total Vapor Flowrate 1.86791 1.970771.72312kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 3000 30003000s


Pool Vaporization Rate 0.222866 0.2474280.179512kg/s


Total Vapor Flowrate 0.222866 0.2474280.179512kg/s


Maximum Pool Radius 13.4472 13.293813.6511m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.751380.735987fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 175.563178.891s


Pool Vaporization Rate 0.04847440.0639724kg/s


Total Vapor Flowrate 1.516251.62263kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 84.453183.5494s


Pool Vaporization Rate 0.1013790.13666kg/s


Total Vapor Flowrate 1.569161.69532kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 66.6966.0756s
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Pool Vaporization Rate 0.1285390.173632kg/s


Total Vapor Flowrate 1.596321.73229kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 57.454456.625s


Pool Vaporization Rate 0.1499720.202785kg/s


Total Vapor Flowrate 1.617751.76144kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.642596.6619s


Pool Vaporization Rate 0.1758770.238006kg/s


Total Vapor Flowrate 1.643661.79666kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 118.198118.198s


Pool Vaporization Rate 0.2107470.285692kg/s


Total Vapor Flowrate 1.678531.84435kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 30003000s


Pool Vaporization Rate 0.1579580.213409kg/s


Total Vapor Flowrate 0.1579580.213409kg/s


Maximum Pool Radius 13.701613.4759m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 6.76438 6.744056.73793s


LFL       (12000) 18.75 28.5754 17.820639.7299s


LFL Frac  (6000) 18.75 49.4306 35.171273.3137s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 0.501821 0.6175090.406372s


LFL       (12000) 18.75 0.246694 0.4937010s


LFL Frac  (6000) 18.75 0.093302 0.4392290s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 6.552496.31048s


LFL       (12000) 18.75 45.260828.9739s


LFL Frac  (6000) 18.75 69.288447.9951s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 0.4154750.52499s


LFL       (12000) 18.75 00.135079s


LFL Frac  (6000) 18.75 00s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 34.4947 32.9541.4631kW/m2


Radiation Level 4 55.84 54.128463.396kW/m2


Radiation Level 12.5 42.2098 40.532249.6918kW/m2


Radiation Level 37.5 34.076 32.546140.9817kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 41.361434.4219kW/m2


Radiation Level 4 63.238155.7196kW/m2


Radiation Level 12.5 49.569642.1199kW/m2


Radiation Level 37.5 40.881234.0041kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 18.725 20.35126.23944kW/m2


Radiation Level 4 46.2389 41.294241.8624kW/m2


Radiation Level 12.5 29.19 28.190724.6618kW/m2


Radiation Level 37.5 18.3141 19.88934.55111kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 6.2088618.6851kW/m2


Radiation Level 4 41.752746.1364kW/m2


Radiation Level 12.5 24.59629.1273kW/m2


Radiation Level 37.5 4.5095218.2751kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 13.1379 13.691612.2651kW/m2


Radiation Level 4 37.5217 38.28535.1766kW/m2


Radiation Level 12.5 26.9464 28.617422.2737kW/m2


Radiation Level 37.5 12.5071 12.960712.1945kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 12.187712.9644kW/m2


Radiation Level 4 35.114837.3609kW/m2


Radiation Level 12.5 22.203526.7796kW/m2


Radiation Level 37.5 12.124212.3327kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 59.7054 61.978350.9128kW/m2


Radiation Level 12.5 27.2317 28.741423.7688kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 50.912759.5932kW/m2


Radiation Level 12.5 23.711127.0471kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 49.4306 35.171273.3137ppm


Furthest Extent 12000 28.5754 17.820639.7299ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 0.093302 0.4392290ppm


Furthest Extent 12000 0.246694 0.4937010ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6000 69.288447.9951ppm


Furthest Extent 12000 45.260828.9739ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6000 00ppm


Furthest Extent 12000 00.135079ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-302 TOLUENE COLUMN RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier TOLUENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 104 degC


Volume Inventory 4.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3542.2259 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:
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[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2535.7135 m


North(1) -956.66083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 6.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 452.72


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 6.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 452.72


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 6.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 452.72


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 103.95


 6.62


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 452.72


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,542.23 kg


- Pressure 2.41 bar


- Temperature  104.00 degC


Material TOLUENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 103.95


 6.62


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 452.72


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.861432 0.8542040.863723fraction


Initial Vapor Cloud 490.839 516.441482.725kg


Time Pool Left Behind 17.0935 9.1490190.0958s


Cloud Segment 1


Cloud Segment Duration 39.69 40.322537.8225s


Pool Vaporization Rate 1.3594 1.436381.07665kg/s


Cloud Segment 2


Cloud Segment Duration 3560.31 3559.683562.18s


Pool Vaporization Rate 0.263284 0.2938490.209473kg/s


Maximum Pool Radius 14.9012 14.817714.9571m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.8637190.862872fraction


Initial Vapor Cloud 482.738485.74kg


Time Pool Left Behind 194.55121.6883s


Cloud Segment 1


Cloud Segment Duration 360039.0625s


Pool Vaporization Rate 0.1913641.29807kg/s


Cloud Segment 2


Cloud Segment Duration 3560.94s


Pool Vaporization Rate 0.252148kg/s


Maximum Pool Radius 14.974614.9195m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 24.318 24.067932.9043s


LFL       (12000) 18.75 75.3674 94.371180.6711s


LFL Frac  (6000) 18.75 109.586 139.73105.873s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (71000) 18.75 0 00s


LFL       (12000) 18.75 0 00s


LFL Frac  (6000) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 30.21623.4621s


LFL       (12000) 18.75 69.618366.2016s


LFL Frac  (6000) 18.75 88.171695.0499s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (71000) 18.75 00s


LFL       (12000) 18.75 00s


LFL Frac  (6000) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 57.5612 61.030146.7685kW/m2


Radiation Level 12.5 22.1106 24.720718.2577kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 46.883957.811kW/m2


Radiation Level 12.5 18.355622.3348kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard


287 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 109.586 139.73105.873ppm


Furthest Extent 12000 75.3674 94.371180.6711ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6000 0 00ppm


Furthest Extent 12000 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6000 88.171695.0499ppm


Furthest Extent 12000 69.618366.2016ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6000 00ppm


Furthest Extent 12000 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-302 TOLUENE COLUMN RECEIVER\160D-302 TOLUENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-303 XYLENE COLUMN RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier M-XYLENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 4.4 bar


Temperature 198 degC


Volume Inventory 7.8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 12 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5401.8405 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2552.6417 m


North(1) -983.59214 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


1.25475E+000


3,600.00


38.43


1.01


197.70


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.18


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


1.25475E+000


3,600.00


38.43


1.01


197.70


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.32


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


1.25475E+000


3,600.00


38.43


1.01


197.70


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.29


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


1.25475E+000


3,600.00


38.43


1.01


197.70


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.65


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.25475E+000


3,600.00


1.01


197.70 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


38.43


0.60


0.02


fraction


degC


m/s


m/s


m


um 168.29


 0.64


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


F 1,5 m/sD 1,5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.01110070.0142124fraction


Maximum Pool Radius 1.861742.09647m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 2.2673 2.287612.25204s


LFL       (11000) 18.75 10.9196 10.264412.0292s


LFL Frac  (5500) 18.75 17.7066 16.18220.829s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 11.9985 11.998611.9983s


LFL       (11000) 18.75 11.9453 11.967811.8885s


LFL Frac  (5500) 18.75 11.8571 11.930511.5707s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 2.250812.25779s


LFL       (11000) 18.75 11.814210.6196s


LFL Frac  (5500) 18.75 20.141917.0762s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 11.998311.9985s


LFL       (11000) 18.75 11.893911.9492s


LFL Frac  (5500) 18.75 11.607811.8697s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 21.699 20.966224.6664kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 24.666421.699kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 10.2898 12.5487Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached10.2898kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


F 1,5 m/sD 1,5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 69.921971.8111kW/m2


Radiation Level 4 71.894374.1741kW/m2


Radiation Level 12.5 70.719972.8418kW/m2


Radiation Level 37.5 69.921971.8111kW/m2
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Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


F 1,5 m/sD 1,5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 72.944575.0303kW/m2


Radiation Level 4 85.387488.6043kW/m2


Radiation Level 12.5 78.789581.3826kW/m2


Radiation Level 37.5 72.629774.6956kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 17.7066 16.18220.829ppm


Furthest Extent 11000 10.9196 10.264412.0292ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 11.8571 11.930511.5707ppm


Furthest Extent 11000 11.9453 11.967811.8885ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5500 20.141917.0762ppm


Furthest Extent 11000 11.814210.6196ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5500 11.607811.8697ppm


Furthest Extent 11000 11.893911.9492ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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160D-303 XYLENE COLUMN RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier M-XYLENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 4.4 bar


Temperature 198 degC


Volume Inventory 7.8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 12 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5401.8405 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2552.6417 m


North(1) -983.59214 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


9.00307E+000


600.00


38.43


1.01


197.70


0.60


0.09


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.18


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


302 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


9.00307E+000


600.00


38.43


1.01


197.70


0.60


0.09


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.32


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


9.00307E+000


600.00


38.43


1.01


197.70


0.60


0.09


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.29


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


9.00307E+000


600.00


38.43


1.01


197.70


0.60


0.09


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 168.29


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.65


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


9.00307E+000


600.00


1.01


197.70 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 139.10


 137.95


38.43


0.60


0.09


fraction


degC


m/s


m/s


m


um 168.29


 0.64


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.2485590.247342fraction


Maximum Pool Radius 9.85779.82628m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 5.91457 5.865915.96907s


LFL       (11000) 18.75 26.1808 23.767730.3378s


LFL Frac  (5500) 18.75 40.1456 35.687249.5477s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 11.9897 11.990811.9885s


LFL       (11000) 18.75 11.7103 11.838611.3588s


LFL Frac  (5500) 18.75 11.3377 11.68559.89592s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 5.953375.86974s


LFL       (11000) 18.75 29.493525.3768s


LFL Frac  (5500) 18.75 48.905738.7821s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 11.988511.9899s


LFL       (11000) 18.75 11.404611.7315s


LFL Frac  (5500) 18.75 9.9433211.3889s


306 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 29.9764 28.12735.356kW/m2


Radiation Level 4 60.8863 59.677267.6421kW/m2


Radiation Level 12.5 42.9252 41.096150.5337kW/m2


Radiation Level 37.5 28.7919 27.059634.9343kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 35.35629.9764kW/m2


Radiation Level 4 67.642160.8863kW/m2


Radiation Level 12.5 50.533742.9252kW/m2


Radiation Level 37.5 34.934328.7919kW/m2
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Phast Risk 6.7


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 38.7072 40.453138.6437kW/m2


Radiation Level 12.5 Not Reached 20.2479Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 38.643738.7072kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 84.59786.179kW/m2


Radiation Level 4 103.096104.648kW/m2


Radiation Level 12.5 93.0694.6296kW/m2


Radiation Level 37.5 84.186785.7666kW/m2
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Phast Risk 6.7


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 117.577119.118kW/m2


Radiation Level 12.5 95.606497.1884kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 40.1456 35.687249.5477ppm


Furthest Extent 11000 26.1808 23.767730.3378ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 11.3377 11.68559.89592ppm


Furthest Extent 11000 11.7103 11.838611.3588ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5500 48.905738.7821ppm


Furthest Extent 11000 29.493525.3768ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5500 9.9433211.3889ppm


Furthest Extent 11000 11.404611.7315ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


310 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


160D-303 XYLENE COLUMN RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier M-XYLENE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 4.4 bar


Temperature 198 degC


Volume Inventory 7.8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 12 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5401.8405 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:
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Phast Risk 6.7


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2552.6417 m


North(1) -983.59214 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 133.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 162.23


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.18


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 133.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 162.23


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.32


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 133.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 162.23


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.29


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 139.10


 133.27


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 162.23


 0.64


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,401.84 kg


- Pressure 5.41 bar


- Temperature  198.00 degC


Material M-XYLENE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.65


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 139.10


 133.27


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 162.23


 0.64


Final data (after atmospheric expansion):


316 320 of Date: 9/26/2012 Time:  4:05:17PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.414933 0.2410450.467104fraction


Initial Vapor Cloud 3160.44 4099.752878.62kg


Time Pool Left Behind


Maximum Pool Radius 12.7823 9.7369913.5683m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.4685640.437231fraction


Initial Vapor Cloud 2870.733039.99kg


Time Pool Left Behind


Maximum Pool Radius 13.590513.1234m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 13.7996 18.263811.8948s


LFL       (11000) 18.75 121.463 179.8948.2601s


LFL Frac  (5500) 18.75 218.374 298.247114.584s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (70000) 18.75 12 1212s


LFL       (11000) 18.75 2.9553 6.852423.42275s


LFL Frac  (5500) 18.75 0 3.166470s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 11.939413.9884s


LFL       (11000) 18.75 50.9718127.694s


LFL Frac  (5500) 18.75 114.874225.556s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (70000) 18.75 1212s


LFL       (11000) 18.75 3.141822.74417s


LFL Frac  (5500) 18.75 00s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 238.748 454.907105.49kW/m2


Radiation Level 12.5 208.831 432.69679.0312kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 104.975238.57kW/m2


Radiation Level 12.5 78.4951207.893kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 260.737 260.737260.737kW/m2


Radiation Level 12.5 127.309 127.309127.309kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 260.737260.737kW/m2


Radiation Level 12.5 127.309127.309kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 218.374 298.247114.584ppm


Furthest Extent 11000 121.463 179.8948.2601ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5500 0 3.166470ppm


Furthest Extent 11000 2.9553 6.852423.42275ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5500 114.874225.556ppm


Furthest Extent 11000 50.9718127.694ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5500 00ppm


Furthest Extent 11000 3.141822.74417ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-160 CCR PLATFORMING PROCESS UNIT\160D-303 XYLENE COLUMN RECEIVER\160D-303 XYLENE COLUMN RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-150 HYDROCRACKER


150C-001 STAGE 1 TREATING REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 435 degC


Volume Inventory 632 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:
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Mass Inventory of material to Disperse 168173.77 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1158.2609 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.99603E+000


3,600.00


245.68


89.28


416.87


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.99603E+000


3,600.00


245.68


89.28


416.87


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.99603E+000


3,600.00


245.68


89.28


416.87


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.99603E+000


3,600.00


245.68


89.28


416.87


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.99603E+000


3,600.00


89.28


416.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


245.68


0.87


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 1.45072 1.441751.45889s


LFL       (9611.48) 18.75 11.0306 10.138512.2376s


LFL Frac  (4805.74) 18.75 18.8738 16.578622.8978s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5.00007 5.000075.00008s


LFL       (9611.48) 18.75 5.04211 5.027165.06914s


LFL Frac  (4805.74) 18.75 5.17777 5.092255.42702s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 1.459181.44832s


LFL       (9611.48) 18.75 12.183110.9218s


LFL Frac  (4805.74) 18.75 22.718118.6057s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 5.000085.00007s


LFL       (9611.48) 18.75 5.069895.04192s


LFL Frac  (4805.74) 18.75 5.434065.17806s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 28.2814 28.318128.1065kW/m2


Radiation Level 12.5 20.02 20.821719.2931kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 28.106528.2814kW/m2


Radiation Level 12.5 19.293120.02kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 16.5924 19.4145Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached16.5924kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 18.8738 16.578622.8978ppm


Furthest Extent 9611.48 11.0306 10.138512.2376ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 5.17777 5.092255.42702ppm


Furthest Extent 9611.48 5.04211 5.027165.06914ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 22.718118.6057ppm


Furthest Extent 9611.48 12.183110.9218ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 5.434065.17806ppm


Furthest Extent 9611.48 5.069895.04192ppm


9 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-001 STAGE 1 TREATING REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 435 degC


Volume Inventory 632 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 168173.77 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1158.2609 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.76676E+002


600.00


245.68


89.28


416.87


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.76676E+002


600.00


245.68


89.28


416.87


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.76676E+002


600.00


245.68


89.28


416.87


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


2.76676E+002


600.00


245.68


89.28


416.87


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.76676E+002


600.00


89.28


416.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 360.90


 448.00


245.68


0.87


0.17


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 13.6136 13.236813.9584s


LFL       (9611.48) 18.75 112.222 104.538122.083s


LFL Frac  (4805.74) 18.75 177.904 175.956198.762s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5.00648 5.005775.00715s


LFL       (9611.48) 18.75 9.75586 8.1840112.3385s


LFL Frac  (4805.74) 18.75 20.1849 15.625834.487s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 13.952513.5844s


LFL       (9611.48) 18.75 123.634113.607s


LFL Frac  (4805.74) 18.75 202.253181.107s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 5.007135.00645s


LFL       (9611.48) 18.75 12.48729.8971s


LFL Frac  (4805.74) 18.75 33.505520.3914s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 141.536 153.717135.522kW/m2


Radiation Level 4 255.022 242.398257.759kW/m2


Radiation Level 12.5 185.57 186.375179.635kW/m2


Radiation Level 37.5 138.439 151.824133.386kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 135.522141.536kW/m2


Radiation Level 4 257.759255.022kW/m2


Radiation Level 12.5 179.635185.57kW/m2


Radiation Level 37.5 133.386138.439kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 23.4914Not ReachedkW/m2


Radiation Level 4 170.218 175.453141.916kW/m2


Radiation Level 12.5 79.5686 98.8433Not ReachedkW/m2


Radiation Level 37.5 Not Reached 19.3407Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 141.916170.218kW/m2


Radiation Level 12.5 Not Reached79.5686kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 177.904 175.956198.762ppm


Furthest Extent 9611.48 112.222 104.538122.083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 20.1849 15.625834.487ppm


Furthest Extent 9611.48 9.75586 8.1840112.3385ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 202.253181.107ppm


Furthest Extent 9611.48 123.634113.607ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 33.505520.3914ppm


Furthest Extent 9611.48 12.48729.8971ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-001 STAGE 1 TREATING REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 435 degC


Volume Inventory 632 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 168173.77 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1158.2609 m


22 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 303.57


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 303.57


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 303.57


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 303.57


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 166,005.72 kg


- Pressure 156.01 bar


- Temperature  435.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 303.57


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 51.3704 52.046550.8881s


LFL       (9611.48) 18.75 118.372 165.5295.4152s


LFL Frac  (4805.74) 18.75 193.365 303.505123.186s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5 55s


LFL       (9611.48) 18.75 5 55s


LFL Frac  (4805.74) 18.75 5 55s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 51.092551.6281s


LFL       (9611.48) 18.75 99.6677131.477s


LFL Frac  (4805.74) 18.75 139.678229.98s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 55s


LFL       (9611.48) 18.75 55s


LFL Frac  (4805.74) 18.75 55s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 288.565 288.565288.565kW/m2


Radiation Level 4 1116.3 1116.31116.3kW/m2


Radiation Level 12.5 612.123 612.123612.123kW/m2


Radiation Level 37.5 268.114 268.114268.114kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 288.565288.565kW/m2


Radiation Level 4 1116.31116.3kW/m2


Radiation Level 12.5 612.123612.123kW/m2


Radiation Level 37.5 268.114268.114kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 193.365 303.505123.186ppm


Furthest Extent 9611.48 118.372 165.5295.4152ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 5 55ppm


Furthest Extent 9611.48 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 139.678229.98ppm


Furthest Extent 9611.48 99.6677131.477ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 55ppm


Furthest Extent 9611.48 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-001 STAGE 1 TREATING REACTOR\150C-001 STAGE 1 TREATING REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-002 STAGE 1 CRACKING REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 150 bar


Temperature 414 degC


Volume Inventory 297 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 81772.412 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1146.7189 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


3.01786E+000


3,600.00


237.64


86.12


395.95


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


3.01786E+000


3,600.00


237.64


86.12


395.95


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


3.01786E+000


3,600.00


237.64


86.12


395.95


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


3.01786E+000


3,600.00


237.64


86.12


395.95


0.87


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.01786E+000


3,600.00


86.12


395.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


237.64


0.87


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 1.50615 1.496391.51554s


LFL       (9611.48) 18.75 11.3215 10.352412.5496s


LFL Frac  (4805.74) 18.75 19.2294 16.857723.4158s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5.00007 5.000075.00008s


LFL       (9611.48) 18.75 5.04205 5.026415.06896s


LFL Frac  (4805.74) 18.75 5.173 5.088725.42465s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 1.515751.50342s


LFL       (9611.48) 18.75 12.4811.209s


LFL Frac  (4805.74) 18.75 23.235218.9413s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 5.000085.00007s


LFL       (9611.48) 18.75 5.069115.04201s


LFL Frac  (4805.74) 18.75 5.432395.17322s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 28.7623 28.889728.5016kW/m2


Radiation Level 12.5 20.3727 21.327319.5297kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 28.501628.7623kW/m2


Radiation Level 12.5 19.529720.3727kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 16.9582 19.7291Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached16.9582kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 19.2294 16.857723.4158ppm


Furthest Extent 9611.48 11.3215 10.352412.5496ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 5.173 5.088725.42465ppm


Furthest Extent 9611.48 5.04205 5.026415.06896ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 23.235218.9413ppm


Furthest Extent 9611.48 12.4811.209ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 5.432395.17322ppm


Furthest Extent 9611.48 5.069115.04201ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-002 STAGE 1 CRACKING REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 150 bar


Temperature 414 degC


Volume Inventory 297 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 81772.412 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1146.7189 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


1.34381E+002


600.00


237.64


86.12


395.95


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


1.34381E+002


600.00


237.64


86.12


395.95


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


1.34381E+002


600.00


237.64


86.12


395.95


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


1.34381E+002


600.00


237.64


86.12


395.95


0.87


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.34381E+002


600.00


86.12


395.95 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 338.39


 430.95


237.64


0.87


0.17


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 9.87017 9.6318910.0881s


LFL       (9611.48) 18.75 74.2452 65.900484.4206s


LFL Frac  (4805.74) 18.75 131.825 125.342145.921s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5.00314 5.00285.00343s


LFL       (9611.48) 18.75 6.8777 6.104358.22457s


LFL Frac  (4805.74) 18.75 13.3003 10.21120.618s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 10.08479.84916s


LFL       (9611.48) 18.75 86.208275.4911s


LFL Frac  (4805.74) 18.75 150.128134.012s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 5.003435.00312s


LFL       (9611.48) 18.75 8.445196.99624s


LFL Frac  (4805.74) 18.75 21.11913.5759s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 103.719 114.98797.9125kW/m2


Radiation Level 4 182.631 175.61184.869kW/m2


Radiation Level 12.5 135.164 137.651130.364kW/m2


Radiation Level 37.5 101.242 113.62596.4107kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 97.9125103.719kW/m2


Radiation Level 4 184.869182.631kW/m2


Radiation Level 12.5 130.364135.164kW/m2


Radiation Level 37.5 96.4107101.242kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 121.781 126.00899.0351kW/m2


Radiation Level 12.5 54.2196 70.5371Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 99.0351121.781kW/m2


Radiation Level 12.5 Not Reached54.2196kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 131.825 125.342145.921ppm


Furthest Extent 9611.48 74.2452 65.900484.4206ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 13.3003 10.21120.618ppm


Furthest Extent 9611.48 6.8777 6.104358.22457ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 150.128134.012ppm


Furthest Extent 9611.48 86.208275.4911ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 21.11913.5759ppm


Furthest Extent 9611.48 8.445196.99624ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-002 STAGE 1 CRACKING REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_HYDROGEN-25


Material to Track DIESEL_HYDROGEN-25


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 150 bar


Temperature 414 degC


Volume Inventory 297 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 81772.412 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1146.7189 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.46


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.46


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.46


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.46


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 80,628.38 kg


- Pressure 151.01 bar


- Temperature  414.00 degC


Material DIESEL_HYDROGEN-25


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 282.46


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 39.403 39.912139.0418s


LFL       (9611.48) 18.75 91.6958 128.56574.0237s


LFL Frac  (4805.74) 18.75 148.945 236.77395.9624s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (76433.1) 18.75 5 55s


LFL       (9611.48) 18.75 5 55s


LFL Frac  (4805.74) 18.75 5 55s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 39.16939.5717s


LFL       (9611.48) 18.75 76.620299.7916s


LFL Frac  (4805.74) 18.75 105.723174.205s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (76433.1) 18.75 55s


LFL       (9611.48) 18.75 55s


LFL Frac  (4805.74) 18.75 55s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 235.42 235.42235.42kW/m2


Radiation Level 4 901.156 901.156901.156kW/m2


Radiation Level 12.5 494.272 494.272494.272kW/m2


Radiation Level 37.5 219.235 219.235219.235kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 235.42235.42kW/m2


Radiation Level 4 901.156901.156kW/m2


Radiation Level 12.5 494.272494.272kW/m2


Radiation Level 37.5 219.235219.235kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 148.945 236.77395.9624ppm


Furthest Extent 9611.48 91.6958 128.56574.0237ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4805.74 5 55ppm


Furthest Extent 9611.48 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 105.723174.205ppm


Furthest Extent 9611.48 76.620299.7916ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4805.74 55ppm


Furthest Extent 9611.48 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-002 STAGE 1 CRACKING REACTOR\150C-002 STAGE 1 CRACKING REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-003 STAGE 2 REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier UCO


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 406 degC


Volume Inventory 609 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 231197.18 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1169.8029 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


4.12866E+000


3,600.00


225.65


70.23


391.58


0.82


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


4.12866E+000


3,600.00


225.65


70.23


391.58


0.82


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


4.12866E+000


3,600.00


225.65


70.23


391.58


0.82


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


4.12866E+000


3,600.00


225.65


70.23


391.58


0.82


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.12866E+000


3,600.00


70.23


391.58 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


225.65


0.82


0.04


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 2.0861 2.0652.10544s


LFL       (7000) 18.75 14.2 12.758916.3603s


LFL Frac  (3500) 18.75 23.1782 20.045629.2278s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 5.00015 5.000145.00016s


LFL       (7000) 18.75 5.08774 5.050715.1715s


LFL Frac  (3500) 18.75 5.3204 5.151885.92087s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 2.104932.08134s


LFL       (7000) 18.75 16.258414.0524s


LFL Frac  (3500) 18.75 29.213722.7811s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 5.000165.00015s


LFL       (7000) 18.75 5.173375.08817s


LFL Frac  (3500) 18.75 5.963995.32069s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 36.7413 37.354335.9291kW/m2


Radiation Level 12.5 27.1822 29.91324.5751kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 35.929136.7413kW/m2


Radiation Level 12.5 24.575127.1822kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 22.8557 25.29034kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 22.855722.8557kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 23.1782 20.045629.2278ppm


Furthest Extent 7000 14.2 12.758916.3603ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 5.3204 5.151885.92087ppm


Furthest Extent 7000 5.08774 5.050715.1715ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3500 29.213722.7811ppm


Furthest Extent 7000 16.258414.0524ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3500 5.963995.32069ppm


Furthest Extent 7000 5.173375.08817ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-003 STAGE 2 REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier UCO


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 406 degC


Volume Inventory 609 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 231197.18 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1169.8029 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


3.85327E+002


600.00


225.65


70.23


391.58


0.82


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


71 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


3.85327E+002


600.00


225.65


70.23


391.58


0.82


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


3.85327E+002


600.00


225.65


70.23


391.58


0.82


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


3.85327E+002


600.00


225.65


70.23


391.58


0.82


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.85327E+002


600.00


70.23


391.58 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 331.32


 334.15


225.65


0.82


0.19


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 19.4529 18.710120.1423s


LFL       (7000) 18.75 142.476 136.573155.308s


LFL Frac  (3500) 18.75 202.961 205.298233.364s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 5.01311 5.011075.01502s


LFL       (7000) 18.75 14.1579 11.377920.4145s


LFL Frac  (3500) 18.75 26.5579 20.295653.8456s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 20.137919.3957s


LFL       (7000) 18.75 158.345144.384s


LFL Frac  (3500) 18.75 236.3208.974s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 5.014995.01305s


LFL       (7000) 18.75 20.599514.3499s


LFL Frac  (3500) 18.75 49.158427.0318s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 164.478 183.951155.965kW/m2


Radiation Level 4 295.774 278.561307.603kW/m2


Radiation Level 12.5 214.993 216.358209.176kW/m2


Radiation Level 37.5 161.029 182.2153.067kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 155.965164.478kW/m2


Radiation Level 4 307.603295.774kW/m2


Radiation Level 12.5 209.176214.993kW/m2


Radiation Level 37.5 153.067161.029kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 51.4561Not ReachedkW/m2


Radiation Level 4 214.971 219.961182.966kW/m2


Radiation Level 12.5 108.44 128.79348.0539kW/m2


Radiation Level 37.5 Not Reached 43.5486Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached35kW/m2


Radiation Level 4 182.966214.971kW/m2


Radiation Level 12.5 48.0539108.44kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 202.961 205.298233.364ppm


Furthest Extent 7000 142.476 136.573155.308ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 26.5579 20.295653.8456ppm


Furthest Extent 7000 14.1579 11.377920.4145ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3500 236.3208.974ppm


Furthest Extent 7000 158.345144.384ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3500 49.158427.0318ppm


Furthest Extent 7000 20.599514.3499ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-003 STAGE 2 REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier UCO


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 155 bar


Temperature 406 degC


Volume Inventory 609 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 231197.18 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:
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[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1169.8029 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 295.23


 483.02


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 295.23


 483.02


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 295.23


 483.02


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 295.23


 483.02


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 231,196.09 kg


- Pressure 156.01 bar


- Temperature  406.00 degC


Material UCO


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 295.23


 483.02


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 57.4302 58.902456.4361s


LFL       (7000) 18.75 153.508 236.101108.741s


LFL Frac  (3500) 18.75 267.084 435.399144.796s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (56000) 18.75 5 55s


LFL       (7000) 18.75 5 55s


LFL Frac  (3500) 18.75 5 55s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 56.83157.9754s


LFL       (7000) 18.75 117.938177.38s


LFL Frac  (3500) 18.75 180.025323.822s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (56000) 18.75 55s


LFL       (7000) 18.75 55s


LFL Frac  (3500) 18.75 55s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 316.534 316.534316.534kW/m2


Radiation Level 4 1231 12311231kW/m2


Radiation Level 12.5 674.931 674.931674.931kW/m2


Radiation Level 37.5 293.758 293.758293.758kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 316.534316.534kW/m2


Radiation Level 4 12311231kW/m2


Radiation Level 12.5 674.931674.931kW/m2


Radiation Level 37.5 293.758293.758kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 267.084 435.399144.796ppm


Furthest Extent 7000 153.508 236.101108.741ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3500 5 55ppm


Furthest Extent 7000 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3500 180.025323.822ppm


Furthest Extent 7000 117.938177.38ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3500 55ppm


Furthest Extent 7000 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-003 STAGE 2 REACTOR\150C-003 STAGE 2 REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-004 HOT SEPARATOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 24148.965 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1135.9464 m


Material
Material Identifier UCO_HYDROGEN


Material to Track UCO_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 146 bar


Temperature 316 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Leak


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:
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Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.78309E+000


3,600.00


224.84


69.13


299.76


0.83


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.78309E+000


3,600.00


224.84


69.13


299.76


0.83


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.78309E+000


3,600.00


224.84


69.13


299.76


0.83


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.78309E+000


3,600.00


224.84


69.13


299.76


0.83


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.78309E+000


3,600.00


69.13


299.76 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


224.84


0.83


0.04


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 2.06855 2.049542.08611s


LFL       (8818.9) 18.75 14.4938 13.095716.6934s


LFL Frac  (4409.45) 18.75 23.6521 20.427329.8675s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 5.00004 5.000045.00004s


LFL       (8818.9) 18.75 5.04656 5.027345.09199s


LFL Frac  (4409.45) 18.75 5.17282 5.080865.50593s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 2.085672.06393s


LFL       (8818.9) 18.75 16.585914.3444s


LFL Frac  (4409.45) 18.75 29.850623.23s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 5.000045.00004s


LFL       (8818.9) 18.75 5.09295.04684s


LFL Frac  (4409.45) 18.75 5.530825.17281s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 35.0589 35.659934.2826kW/m2


Radiation Level 12.5 25.6186 28.241923.3778kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 34.282635.0589kW/m2


Radiation Level 12.5 23.377825.6186kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 21.6461 24.0913Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached21.6461kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 23.6521 20.427329.8675ppm


Furthest Extent 8818.9 14.4938 13.095716.6934ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 5.17282 5.080865.50593ppm


Furthest Extent 8818.9 5.04656 5.027345.09199ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 29.850623.23ppm


Furthest Extent 8818.9 16.585914.3444ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 5.530825.17281ppm


Furthest Extent 8818.9 5.09295.04684ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-004 HOT SEPARATOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier UCO_HYDROGEN


Material to Track UCO_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 146 bar


Temperature 316 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 24148.965 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1135.9464 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.97120E+001


600.00


224.84


69.13


299.76


0.83


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.97120E+001


600.00


224.84


69.13


299.76


0.83


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.97120E+001


600.00


224.84


69.13


299.76


0.83


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


3.97120E+001


600.00


224.84


69.13


299.76


0.83


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.97120E+001


600.00


69.13


299.76 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 231.37


 342.38


224.84


0.83


0.19


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 6.60173 6.470776.72292s


LFL       (8818.9) 18.75 41.957 36.521751.5767s


LFL Frac  (4409.45) 18.75 79.934 66.723896.1197s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 5.00041 5.000365.00046s


LFL       (8818.9) 18.75 5.36545 5.197235.84578s


LFL Frac  (4409.45) 18.75 7.07924 5.872310.2987s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 6.719836.5865s


LFL       (8818.9) 18.75 52.840541.8731s


LFL Frac  (4409.45) 18.75 98.978381.6836s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 5.000465.00041s


LFL       (8818.9) 18.75 5.92685.37373s


LFL Frac  (4409.45) 18.75 10.73217.26631s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


104 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 61.0852 71.41655.9911kW/m2


Radiation Level 4 105.963 101.869107.293kW/m2


Radiation Level 12.5 80.1099 82.993775.6486kW/m2


Radiation Level 37.5 60.4432 70.67954.93kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 55.991161.0852kW/m2


Radiation Level 4 107.293105.963kW/m2


Radiation Level 12.5 75.648680.1099kW/m2


Radiation Level 37.5 54.9360.4432kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


105 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 72.4147 75.209556.0808kW/m2


Radiation Level 12.5 29.5742 42.6189Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 56.080872.4147kW/m2


Radiation Level 12.5 Not Reached29.5742kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 79.934 66.723896.1197ppm


Furthest Extent 8818.9 41.957 36.521751.5767ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 7.07924 5.872310.2987ppm


Furthest Extent 8818.9 5.36545 5.197235.84578ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 98.978381.6836ppm


Furthest Extent 8818.9 52.840541.8731ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 10.73217.26631ppm


Furthest Extent 8818.9 5.92685.37373ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-004 HOT SEPARATOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier UCO_HYDROGEN


Material to Track UCO_HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 146 bar


Temperature 316 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 24148.965 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3175.9092 m


North(1) -1135.9464 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 187.21


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 187.21


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 187.21


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 187.21


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 23,827.18 kg


- Pressure 147.01 bar


- Temperature  316.00 degC


Material UCO_HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 187.21


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 24.1467 24.636323.7857s


LFL       (8818.9) 18.75 65.2902 96.188848.7866s


LFL Frac  (4409.45) 18.75 112.109 179.70165.2431s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (72853.4) 18.75 5 55s


LFL       (8818.9) 18.75 5 55s


LFL Frac  (4409.45) 18.75 5 55s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 23.860624.2588s


LFL       (8818.9) 18.75 50.335670.6843s


LFL Frac  (4409.45) 18.75 71.1227126.432s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (72853.4) 18.75 55s


LFL       (8818.9) 18.75 55s


LFL Frac  (4409.45) 18.75 55s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 166.113 166.113166.113kW/m2


Radiation Level 4 626.318 626.318626.318kW/m2


Radiation Level 12.5 343.63 343.63343.63kW/m2


Radiation Level 37.5 155.188 155.188155.188kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 166.113166.113kW/m2


Radiation Level 4 626.318626.318kW/m2


Radiation Level 12.5 343.63343.63kW/m2


Radiation Level 37.5 155.188155.188kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 112.109 179.70165.2431ppm


Furthest Extent 8818.9 65.2902 96.188848.7866ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4409.45 5 55ppm


Furthest Extent 8818.9 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 71.1227126.432ppm


Furthest Extent 8818.9 50.335670.6843ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4409.45 55ppm


Furthest Extent 8818.9 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-004 HOT SEPARATOR\150C-004 HOT SEPARATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-005 RECYCLE GAS SCRUBBER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 141 bar


Temperature 62 degC


Volume Inventory 22.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 20443.613 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3138.2054 m


North(1) -1143.6411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


8.35609E+000


2,446.55


198.33


1.01


60.65


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


8.35609E+000


2,446.55


198.33


1.01


60.65


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


8.35609E+000


2,446.55


198.33


1.01


60.65


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


8.35609E+000


2,446.55


198.33


1.01


60.65


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.35609E+000


2,446.55


1.01


60.65 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


198.33


0.60


0.03


fraction


degC


m/s


m/s


m


um 124.42


 0.95


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 2446.55 2446.552446.55s


Liquid Rainout 0.305314 0.2405590.35805fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 679.906 673.402698.281s


Pool Vaporization Rate 0.333356 0.2954260.326074kg/s


Total Vapor Flowrate 6.13821 6.641395.69026kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 324.984 323.578327.32s


Pool Vaporization Rate 0.698488 0.6149790.695498kg/s


Total Vapor Flowrate 6.50334 6.960946.05969kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 264.251 265.045266.802s


Pool Vaporization Rate 0.855997 0.7520880.856369kg/s


Total Vapor Flowrate 6.66085 7.098056.22056kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 446.89 447.797448.573s


Pool Vaporization Rate 1.016 0.8902841.02177kg/s


Total Vapor Flowrate 6.82085 7.236246.38596kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 730.522 736.73563.024s


Pool Vaporization Rate 1.233 1.075261.22068kg/s


Total Vapor Flowrate 7.03786 7.421216.58487kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 1153.45 1153.45162.382s


Pool Vaporization Rate 0.821643 0.7210911.34478kg/s


Total Vapor Flowrate 0.821643 0.7210916.70897kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 1133.62s


Pool Vaporization Rate 0.818079kg/s


Total Vapor Flowrate 1.34478kg/s


Maximum Pool Radius 16.7227 14.422918.778m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 2446.552446.55s


Liquid Rainout 0.3877360.326923fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 708.891683.822s


Pool Vaporization Rate 0.3238190.345842kg/s


Total Vapor Flowrate 5.439955.97014kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 327.949324.24s


Pool Vaporization Rate 0.700820.727891kg/s


Total Vapor Flowrate 5.816956.35218kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 266.37264.643s
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Pool Vaporization Rate 0.8662210.893187kg/s


Total Vapor Flowrate 5.982356.51748kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 233.43445.397s


Pool Vaporization Rate 0.9893241.06161kg/s


Total Vapor Flowrate 6.105466.68591kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 405.966728.45s


Pool Vaporization Rate 1.129761.29077kg/s


Total Vapor Flowrate 6.24596.91506kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 521.2941153.45s


Pool Vaporization Rate 1.30860.872536kg/s


Total Vapor Flowrate 6.424740.872536kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 1136.1s


Pool Vaporization Rate 0.866157kg/s


Total Vapor Flowrate 1.3086kg/s


Maximum Pool Radius 19.807817.4165m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.59039 2.524462.65205s


LFL Frac  (238348) 18.75 5.84009 5.492626.26877s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.999041 0.9991080.998976s


LFL Frac  (238348) 18.75 0.993032 0.9942360.991176s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.651542.58368s


LFL Frac  (238348) 18.75 6.276925.82833s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.9989720.99904s


LFL Frac  (238348) 18.75 0.9910340.992917s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 50.5857 46.6278Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached50.5857kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 5.84009 5.492626.26877ppm


Furthest Extent 476697 2.59039 2.524462.65205ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.993032 0.9942360.991176ppm


Furthest Extent 476697 0.999041 0.9991080.998976ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 6.276925.82833ppm


Furthest Extent 476697 2.651542.58368ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.9910340.992917ppm


Furthest Extent 476697 0.9989720.99904ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-005 RECYCLE GAS SCRUBBER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 141 bar


Temperature 62 degC


Volume Inventory 22.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 20443.613 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3138.2054 m


North(1) -1143.6411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


3.40727E+001


600.00


198.33


1.01


60.65


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


3.40727E+001


600.00


198.33


1.01


60.65


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


3.40727E+001


600.00


198.33


1.01


60.65


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


134 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


3.40727E+001


600.00


198.33


1.01


60.65


0.60


0.15


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 124.42


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.40727E+001


600.00


1.01


60.65 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 198.33


198.33


0.60


0.15


fraction


degC


m/s


m/s


m


um 124.42


 0.95


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.468628 0.4407260.491517fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 190.44 189.063197.403s


Pool Vaporization Rate 0.588962 0.622380.503038kg/s


Total Vapor Flowrate 18.6942 19.678417.8284kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 81.81 81.5483.16s


Pool Vaporization Rate 1.37639 1.443491.19948kg/s


Total Vapor Flowrate 19.4817 20.499518.5249kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.3906 65.203165.3975s


Pool Vaporization Rate 1.73556 1.816271.51922kg/s


Total Vapor Flowrate 19.8408 20.872218.8446kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.3819 56.234457.0456s


Pool Vaporization Rate 2.00802 2.098961.76252kg/s


Total Vapor Flowrate 20.1133 21.154919.0879kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.7081 97.475697.635s


Pool Vaporization Rate 2.32644 2.429422.04773kg/s


Total Vapor Flowrate 20.4317 21.485419.3731kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 120.582 121.56120.365s


Pool Vaporization Rate 2.73876 2.860062.41413kg/s


Total Vapor Flowrate 20.844 21.91619.7395kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2987.69 2988.922978.99s


Pool Vaporization Rate 1.34212 1.415381.17875kg/s


Total Vapor Flowrate 2.73876 2.860062.41413kg/s


Maximum Pool Radius 23.9322 23.050324.7743m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.5163860.482605fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 202.351192.516s


Pool Vaporization Rate 0.4777920.587378kg/s


Total Vapor Flowrate 16.955818.2164kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 84.10582.215s


Pool Vaporization Rate 1.153431.37842kg/s


Total Vapor Flowrate 17.631519.0075kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 66.04565.6719s
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Pool Vaporization Rate 1.466811.74008kg/s


Total Vapor Flowrate 17.944819.3691kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.5556.6031s


Pool Vaporization Rate 1.704772.01487kg/s


Total Vapor Flowrate 18.182819.6439kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 98.32596.945s


Pool Vaporization Rate 1.985322.33425kg/s


Total Vapor Flowrate 18.463319.9633kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 121.13120.839s


Pool Vaporization Rate 2.346942.7484kg/s


Total Vapor Flowrate 18.82520.3774kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2971.492985.21s


Pool Vaporization Rate 1.193731.36556kg/s


Total Vapor Flowrate 2.346942.7484kg/s


Maximum Pool Radius 25.515224.336m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 5.12617 4.948845.31582s


LFL Frac  (238348) 18.75 11.8107 10.738312.8106s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.99627 0.996590.995875s


LFL Frac  (238348) 18.75 0.972131 0.9782590.965286s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 5.318055.11474s


LFL Frac  (238348) 18.75 12.830311.8039s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.9958550.996269s


LFL Frac  (238348) 18.75 0.9647020.971674s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 94.8958 87.6489119.908kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 119.90894.8958kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached 6.86454Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 11.8107 10.738312.8106ppm


Furthest Extent 476697 5.12617 4.948845.31582ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.972131 0.9782590.965286ppm


Furthest Extent 476697 0.99627 0.996590.995875ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 12.830311.8039ppm


Furthest Extent 476697 5.318055.11474ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.9647020.971674ppm


Furthest Extent 476697 0.9958550.996269ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-005 RECYCLE GAS SCRUBBER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 141 bar


Temperature 62 degC


Volume Inventory 22.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 20443.613 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 194 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3138.2054 m


North(1) -1143.6411 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


147 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 20,443.62 kg


- Pressure 142.01 bar


- Temperature  62.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 0.95


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.932519 0.9320920.932577fraction


Initial Vapor Cloud 1379.55 1388.271378.37kg


Time Pool Left Behind 9.7444 6.3983423.4851s


Cloud Segment 1


Cloud Segment Duration 28.6225 28.0930.25s


Pool Vaporization Rate 13.8447 15.242611.1783kg/s


Cloud Segment 2


Cloud Segment Duration 21.4331 21.260645.0056s


Pool Vaporization Rate 18.5439 20.023414.9283kg/s


Cloud Segment 3


Cloud Segment Duration 23.9044 24.1828.275s


Pool Vaporization Rate 16.5892 17.69511.9313kg/s


Cloud Segment 4


Cloud Segment Duration 29.5706 3036.8919s


Pool Vaporization Rate 13.4705 14.24049.06911kg/s


Cloud Segment 5


Cloud Segment Duration 39.87 40.469445.2181s


Pool Vaporization Rate 9.97433 10.5037.19471kg/s


Cloud Segment 6


Cloud Segment Duration 49.115 49.90563414.36s


Pool Vaporization Rate 7.80965 8.255262.14591kg/s


Cloud Segment 7


Cloud Segment Duration 3407.48 3406.09s


Pool Vaporization Rate 2.50242 2.77457kg/s


Maximum Pool Radius 34.6235 34.499334.8522m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.9325640.932508fraction


Initial Vapor Cloud 1378.651379.79kg


Time Pool Left Behind 20.00079.42377s


Cloud Segment 1


Cloud Segment Duration 35.105629.16s


Pool Vaporization Rate 10.228713.2217kg/s


Cloud Segment 2


Cloud Segment Duration 26.12521.6056s


Pool Vaporization Rate 13.759717.8247kg/s


Cloud Segment 3


Cloud Segment Duration 29.49524.0569s


Pool Vaporization Rate 12.245416.0299kg/s


Cloud Segment 4


Cloud Segment Duration 38.66529.2175s


Pool Vaporization Rate 9.2822613.0678kg/s


Cloud Segment 5


Cloud Segment Duration 48.831939.3606s


Pool Vaporization Rate 7.106229.75905kg/s
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Cloud Segment 6


Cloud Segment Duration 3421.7847.0394s


Pool Vaporization Rate 2.092057.70409kg/s


Cloud Segment 7


Cloud Segment Duration 3409.56s


Pool Vaporization Rate 2.48243kg/s


Maximum Pool Radius 34.986834.6742m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 12.1879 12.573611.863s


LFL Frac  (238348) 18.75 24.2805 42.477912.7988s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (476697) 18.75 0.131902 0.1487810.117524s


LFL Frac  (238348) 18.75 0 01.46764e-006s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 11.936712.3308s


LFL Frac  (238348) 18.75 12.873425.1956s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (476697) 18.75 0.1206910.137942s


LFL Frac  (238348) 18.75 00s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 221.814 221.814221.814kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 221.814221.814kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 24.2805 42.477912.7988ppm


Furthest Extent 476697 12.1879 12.573611.863ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0 01.46764e-006ppm


Furthest Extent 476697 0.131902 0.1487810.117524ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 12.873425.1956ppm


Furthest Extent 476697 11.936712.3308ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 00ppm


Furthest Extent 476697 0.1206910.137942ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-005 RECYCLE GAS SCRUBBER\150C-005 RECYCLE GAS SCRUBBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-105 DEBUTANIZER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.5 bar


Temperature 210 degC


Volume Inventory 9.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5170.6113 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.8756 m


North(1) -1110.554 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


1.88336E+000


2,745.41


73.95


1.01


208.64


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


1.88336E+000


2,745.41


73.95


1.01


208.64


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


1.88336E+000


2,745.41


73.95


1.01


208.64


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


1.88336E+000


2,745.41


73.95


1.01


208.64


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.88336E+000


2,745.41


1.01


208.64 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


73.95


0.60


0.02


fraction


degC


m/s


m/s


m


um 107.01


 0.31


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 2.04971 1.971572.12644s


LFL       (8105.26) 18.75 10.9478 8.7584914.4611s


LFL Frac  (4052.63) 18.75 29.157 21.781734.9799s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.99953 0.9995850.999473s


LFL       (8105.26) 18.75 0.980208 0.9896130.95912s


LFL Frac  (4052.63) 18.75 0.926302 0.970840.803067s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 2.126872.04349s


LFL       (8105.26) 18.75 14.909511.1292s


LFL Frac  (4052.63) 18.75 37.031731.2637s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9994670.999527s


LFL       (8105.26) 18.75 0.9538420.978303s


LFL Frac  (4052.63) 18.75 0.6795370.898238s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 17.0413 16.167120.8196kW/m2


Radiation Level 4 28.6055 28.180831.7402kW/m2


Radiation Level 12.5 21.1556 20.437924.7389kW/m2


Radiation Level 37.5 16.8219 15.939120.6121kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.819617.0413kW/m2


Radiation Level 4 31.740228.6055kW/m2


Radiation Level 12.5 24.738921.1556kW/m2


Radiation Level 37.5 20.612116.8219kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 4.61688 7.92608Not ReachedkW/m2


Radiation Level 4 18.3617 19.038120.4129kW/m2


Radiation Level 12.5 10.7897 12.40619.00921kW/m2


Radiation Level 37.5 Not Reached 7.72716Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached4.61688kW/m2


Radiation Level 4 20.412918.3617kW/m2


Radiation Level 12.5 9.0092110.7897kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 29.157 21.781734.9799ppm


Furthest Extent 8105.26 10.9478 8.7584914.4611ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0.926302 0.970840.803067ppm


Furthest Extent 8105.26 0.980208 0.9896130.95912ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 37.031731.2637ppm


Furthest Extent 8105.26 14.909511.1292ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 0.6795370.898238ppm


Furthest Extent 8105.26 0.9538420.978303ppm


165 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


166 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


150C-105 DEBUTANIZER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.5 bar


Temperature 210 degC


Volume Inventory 9.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5170.6113 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.8756 m


North(1) -1110.554 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


8.61769E+000


600.00


73.95


1.01


208.64


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


8.61769E+000


600.00


73.95


1.01


208.64


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


8.61769E+000


600.00


73.95


1.01


208.64


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


8.61769E+000


600.00


73.95


1.01


208.64


0.60


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 107.01


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.61769E+000


600.00


1.01


208.64 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 210.70


73.95


0.60


0.12


fraction


degC


m/s


m/s


m


um 107.01


 0.31


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 4.29405 4.066534.51118s


LFL       (8105.26) 18.75 38.1953 34.796839.5754s


LFL Frac  (4052.63) 18.75 101.597 90.946593.6715s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.997947 0.9982470.997642s


LFL       (8105.26) 18.75 0.912472 0.9481330.856935s


LFL Frac  (4052.63) 18.75 0.510671 0.7858790.00191489s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 4.516514.28509s


LFL       (8105.26) 18.75 41.238339.3542s


LFL Frac  (4052.63) 18.75 100.533103.486s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9976120.997927s


LFL       (8105.26) 18.75 0.7934590.892047s


LFL Frac  (4052.63) 18.75 00.343457s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 34.1507 32.072941.5545kW/m2


Radiation Level 4 57.7592 55.889563.9171kW/m2


Radiation Level 12.5 42.5092 40.515849.5318kW/m2


Radiation Level 37.5 33.7127 31.630441.1325kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 41.554534.1507kW/m2


Radiation Level 4 63.917157.7592kW/m2


Radiation Level 12.5 49.531842.5092kW/m2


Radiation Level 37.5 41.132533.7127kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


174 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.04445 14.6989Not ReachedkW/m2


Radiation Level 4 34.1847 36.099738.5549kW/m2


Radiation Level 12.5 20.3292 22.783517.5209kW/m2


Radiation Level 37.5 7.66961 14.3452Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached9.04445kW/m2


Radiation Level 4 38.554934.1847kW/m2


Radiation Level 12.5 17.520920.3292kW/m2


Radiation Level 37.5 Not Reached7.66961kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 101.597 90.946593.6715ppm


Furthest Extent 8105.26 38.1953 34.796839.5754ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0.510671 0.7858790.00191489ppm


Furthest Extent 8105.26 0.912472 0.9481330.856935ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 100.533103.486ppm


Furthest Extent 8105.26 41.238339.3542ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 00.343457ppm


Furthest Extent 8105.26 0.7934590.892047ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150C-105 DEBUTANIZER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.5 bar


Temperature 210 degC


Volume Inventory 9.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5170.6113 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3065.8756 m


North(1) -1110.554 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 199.38


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 97.49


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 199.38


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 97.49


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 199.38


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 97.49


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 125.24


 199.38


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 97.49


 0.31


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,170.61 kg


- Pressure 13.51 bar


- Temperature  210.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 125.24


 199.38


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 97.49


 0.31


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 15.3613 17.47814.136s


LFL       (8105.26) 18.75 72.4068 124.56132.7422s


LFL Frac  (4052.63) 18.75 211.348 284.249126.347s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1 11s


LFL       (8105.26) 18.75 0.437429 0.5188581s


LFL Frac  (4052.63) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 14.228615.5773s


LFL       (8105.26) 18.75 34.177780.302s


LFL Frac  (4052.63) 18.75 129.056273.164s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 11s


LFL       (8105.26) 18.75 10.650695s


LFL Frac  (4052.63) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 59.6629 59.662959.6629kW/m2


Radiation Level 4 311.604 311.604311.604kW/m2


Radiation Level 12.5 162.77 162.77162.77kW/m2


Radiation Level 37.5 51.6866 51.686651.6866kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 59.662959.6629kW/m2


Radiation Level 4 311.604311.604kW/m2


Radiation Level 12.5 162.77162.77kW/m2


Radiation Level 37.5 51.686651.6866kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 211.348 284.249126.347ppm


Furthest Extent 8105.26 72.4068 124.56132.7422ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 0 00ppm


Furthest Extent 8105.26 0.437429 0.5188581ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 129.056273.164ppm


Furthest Extent 8105.26 34.177780.302ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 00ppm


Furthest Extent 8105.26 10.650695ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150C-105 DEBUTANIZER\150C-105 DEBUTANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-003 HOT FLASH DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 30.8 bar


Temperature 321 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 87.775327 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:
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[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1130.5602 m


Material
Material Identifier HYDROGEN
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


9.41756E-002


931.97


1,701.65


16.78


222.38


0.86


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


9.41756E-002


931.97


1,701.65


16.78


222.38


0.86


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


9.41756E-002


931.97


1,701.65


16.78


222.38


0.86


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


9.41756E-002


931.97


1,701.65


16.78


222.38


0.86


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


9.41756E-002


931.97


16.78


222.38 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1,701.65


0.86


0.04


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.107323 0.1047290.109748s


LFL       (40000) 18.75 6.58823 5.373329.24173s


LFL Frac  (20000) 18.75 9.90518 9.1220212.7302s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1.00002 1.000021.00002s


LFL       (40000) 18.75 1.4838 1.179093.19764s


LFL Frac  (20000) 18.75 1.93798 1.383675.34349s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.1098090.1071s


LFL       (40000) 18.75 9.446356.44142s


LFL Frac  (20000) 18.75 12.75769.57743s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 1.000021.00002s


LFL       (40000) 18.75 3.773551.56085s


LFL Frac  (20000) 18.75 6.258252.09337s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.40279 8.400977.67958kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 7.679588.40279kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 4.63815 5.80202Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached4.63815kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 9.90518 9.1220212.7302ppm


Furthest Extent 40000 6.58823 5.373329.24173ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 1.93798 1.383675.34349ppm


Furthest Extent 40000 1.4838 1.179093.19764ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 12.75769.57743ppm


Furthest Extent 40000 9.446356.44142ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 6.258252.09337ppm


Furthest Extent 40000 3.773551.56085ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-003 HOT FLASH DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 30.8 bar


Temperature 321 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 87.775327 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1130.5602 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1.46282E-001


600.00


1,701.65


16.78


222.38


0.86


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1.46282E-001


600.00


1,701.65


16.78


222.38


0.86


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1.46282E-001


600.00


1,701.65


16.78


222.38


0.86


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1.46282E-001


600.00


1,701.65


16.78


222.38


0.86


0.19


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.46282E-001


600.00


16.78


222.38 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 314.30


 500.00


1,701.65


0.86


0.19


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.136494 0.1332980.139476s


LFL       (40000) 18.75 7.87475 6.7381910.9617s


LFL Frac  (20000) 18.75 12.2221 12.194814.9704s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1.00004 1.000031.00004s


LFL       (40000) 18.75 1.67502 1.273373.98892s


LFL Frac  (20000) 18.75 2.38253 1.665626.74818s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.1395590.136272s


LFL       (40000) 18.75 11.16237.69801s


LFL Frac  (20000) 18.75 15.031911.7096s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 1.000041.00004s


LFL       (40000) 18.75 4.658241.77465s


LFL Frac  (20000) 18.75 7.746572.56439s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 10.8307 10.69079.99444kW/m2


Radiation Level 12.5 8.68253 9.45187.21709kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 9.9944410.8307kW/m2


Radiation Level 12.5 7.217098.68253kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 6.12037 7.30305Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached6.12037kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 12.2221 12.194814.9704ppm


Furthest Extent 40000 7.87475 6.7381910.9617ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 2.38253 1.665626.74818ppm


Furthest Extent 40000 1.67502 1.273373.98892ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 15.031911.7096ppm


Furthest Extent 40000 11.16237.69801ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 7.746572.56439ppm


Furthest Extent 40000 4.658241.77465ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-003 HOT FLASH DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 30.8 bar


Temperature 321 degC


Volume Inventory 68.4 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 87.775327 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 42 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1130.5602 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-52.24


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-52.24


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-52.24


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-52.24


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 87.77 kg


- Pressure 31.81 bar


- Temperature  321.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-52.24


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 3.33551 3.335513.33551s


LFL       (40000) 18.75 18.5416 24.081115.6581s


LFL Frac  (20000) 18.75 28.4026 41.78820.6923s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1 11s


LFL       (40000) 18.75 1 11s


LFL Frac  (20000) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 3.335793.33572s


LFL       (40000) 18.75 15.549518.3824s


LFL Frac  (20000) 18.75 20.551828.4376s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 11s


LFL       (40000) 18.75 11s


LFL Frac  (20000) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


212 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 31.5615 31.561531.5615kW/m2


Radiation Level 4 114.024 114.024114.024kW/m2


Radiation Level 12.5 62.5645 62.564562.5645kW/m2


Radiation Level 37.5 29.7408 29.740829.7408kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 31.561531.5615kW/m2


Radiation Level 4 114.024114.024kW/m2


Radiation Level 12.5 62.564562.5645kW/m2


Radiation Level 37.5 29.740829.7408kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 28.4026 41.78820.6923ppm


Furthest Extent 40000 18.5416 24.081115.6581ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 1 11ppm


Furthest Extent 40000 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 20.551828.4376ppm


Furthest Extent 40000 15.549518.3824ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 11ppm


Furthest Extent 40000 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-003 HOT FLASH DRUM\150D-003 HOT FLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-008 RICH AMINE FLASH DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.8 bar


Temperature 65 degC


Volume Inventory 74.5 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 66280.292 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1149.0273 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


2.08303E+000


3,600.00


49.68


1.01


64.91


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


2.08303E+000


3,600.00


49.68


1.01


64.91


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


2.08303E+000


3,600.00


49.68


1.01


64.91


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


2.08303E+000


3,600.00


49.68


1.01


64.91


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.08303E+000


3,600.00


1.01


64.91 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


49.68


0.60


0.03


fraction


degC


m/s


m/s


m


um 348.22


 0.94


Final data (after atmospheric expansion):


220 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.750105 0.7396150.762855fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 898.501 892.516913.551s


Pool Vaporization Rate 0.269609 0.2897720.236034kg/s


Total Vapor Flowrate 0.790149 0.8321620.730015kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 442.89 441.56446.215s


Pool Vaporization Rate 0.54581 0.5852490.483342kg/s


Total Vapor Flowrate 1.06635 1.127640.977323kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 366.365 365.425366.637s


Pool Vaporization Rate 0.662498 0.7086890.589415kg/s


Total Vapor Flowrate 1.18304 1.251081.0834kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 622.72 623.739621s


Pool Vaporization Rate 0.778515 0.8302340.696227kg/s


Total Vapor Flowrate 1.29905 1.372621.19021kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1045.13 1046.561028.21s


Pool Vaporization Rate 0.932226 0.990130.839701kg/s


Total Vapor Flowrate 1.45277 1.532521.33368kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 224.39 230.198224.39s


Pool Vaporization Rate 1.0286 1.097890.930523kg/s


Total Vapor Flowrate 1.54914 1.640281.4245kg/s


Maximum Pool Radius 14.6035 14.034915.4104m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.7640090.751297fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 928.726903.003s


Pool Vaporization Rate 0.2197260.263689kg/s


Total Vapor Flowrate 0.7113030.781745kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 447.684443.888s


Pool Vaporization Rate 0.4564220.5364kg/s


Total Vapor Flowrate 0.9481.05446kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 366.652365.001s


Pool Vaporization Rate 0.5587590.651869kg/s


Total Vapor Flowrate 1.050341.16993kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 616.468623.415s
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Pool Vaporization Rate 0.6622120.767071kg/s


Total Vapor Flowrate 1.153791.28513kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1018.981037.4s


Pool Vaporization Rate 0.8022780.919783kg/s


Total Vapor Flowrate 1.293861.43784kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 221.484227.294s


Pool Vaporization Rate 0.8916321.01552kg/s


Total Vapor Flowrate 1.383211.53358kg/s


Maximum Pool Radius 15.686114.7161m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.33658 2.155942.54572s


LFL Frac  (238348) 18.75 4.68702 4.06785.66115s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.988547 0.9909280.985382s


LFL Frac  (238348) 18.75 0.944857 0.9656590.898658s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.540552.314s


LFL Frac  (238348) 18.75 5.69074.64165s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.9852110.988529s


LFL Frac  (238348) 18.75 0.8921960.942773s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 4.68702 4.06785.66115ppm


Furthest Extent 476697 2.33658 2.155942.54572ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.944857 0.9656590.898658ppm


Furthest Extent 476697 0.988547 0.9909280.985382ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 5.69074.64165ppm


Furthest Extent 476697 2.540552.314ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.8921960.942773ppm


Furthest Extent 476697 0.9852110.988529ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-008 RICH AMINE FLASH DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.8 bar


Temperature 65 degC


Volume Inventory 74.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 66280.292 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1149.0273 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


1.10467E+002


600.00


49.68


1.01


64.91


0.60


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


1.10467E+002


600.00


49.68


1.01


64.91


0.60


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


1.10467E+002


600.00


49.68


1.01


64.91


0.60


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


1.10467E+002


600.00


49.68


1.01


64.91


0.60


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 348.22


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.10467E+002


600.00


1.01


64.91 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 49.68


49.68


0.60


0.16


fraction


degC


m/s


m/s


m


um 348.22


 0.94


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.816661 0.8126190.820408fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 196 197.403180.231s


Pool Vaporization Rate 4.14512 4.555443.13142kg/s


Total Vapor Flowrate 24.3981 25.254822.9705kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 88.7656 90.748178.175s


Pool Vaporization Rate 9.14526 9.990637.21762kg/s


Total Vapor Flowrate 29.3982 30.6927.0567kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 73.39 73.863.7969s


Pool Vaporization Rate 11.1631 12.20138.82201kg/s


Total Vapor Flowrate 31.4161 32.900728.6611kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 64.1469 65.50556.1s


Pool Vaporization Rate 12.7213 13.906810.0623kg/s


Total Vapor Flowrate 32.9743 34.606229.9014kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 112.463 113.10798.0281s


Pool Vaporization Rate 14.5522 15.910211.5309kg/s


Total Vapor Flowrate 34.8052 36.609631.3699kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 151.424 156.147123.669s


Pool Vaporization Rate 15.8953 17.134213.4602kg/s


Total Vapor Flowrate 36.1482 37.833633.2993kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2913.81 2903.293000s


Pool Vaporization Rate 6.94993 7.672766.16447kg/s


Total Vapor Flowrate 15.8953 17.13426.16447kg/s


Maximum Pool Radius 56.6597 56.182257.3792m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.8228650.817649fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 182.25196s


Pool Vaporization Rate 2.830233.99397kg/s


Total Vapor Flowrate 22.397824.1378kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 78.572587.9225s


Pool Vaporization Rate 6.619058.86278kg/s


Total Vapor Flowrate 26.186629.0066kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.078172.3431s
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Pool Vaporization Rate 8.134910.8238kg/s


Total Vapor Flowrate 27.702530.9676kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.32563.9844s


Pool Vaporization Rate 9.3102412.3452kg/s


Total Vapor Flowrate 28.877832.489kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.29111.053s


Pool Vaporization Rate 10.69714.1361kg/s


Total Vapor Flowrate 30.264534.2799kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 121.484147.05s


Pool Vaporization Rate 12.509815.6088kg/s


Total Vapor Flowrate 32.077435.7526kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 30002921.65s


Pool Vaporization Rate 5.974526.90826kg/s


Total Vapor Flowrate 5.9745215.6088kg/s


Maximum Pool Radius 57.747556.808m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 17.5877 17.418217.7437s


LFL Frac  (238348) 18.75 20.1729 20.780519.9835s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.742618 0.7695390.715947s


LFL Frac  (238348) 18.75 0.704793 0.7250280.680882s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 17.660617.5581s


LFL Frac  (238348) 18.75 19.230819.7436s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.6992870.735072s


LFL Frac  (238348) 18.75 0.6678680.6993s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 135.054 128.824Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached134.728kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 12.933 29.7881Not ReachedkW/m2


Radiation Level 12.5 Not Reached 3.71711Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached12.8836kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 20.1729 20.780519.9835ppm


Furthest Extent 476697 17.5877 17.418217.7437ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.704793 0.7250280.680882ppm


Furthest Extent 476697 0.742618 0.7695390.715947ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 19.230819.7436ppm


Furthest Extent 476697 17.660617.5581ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.6678680.6993ppm


Furthest Extent 476697 0.6992870.735072ppm


241 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-008 RICH AMINE FLASH DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.8 bar


Temperature 65 degC


Volume Inventory 74.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 66280.292 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 12 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3091.2679 m


North(1) -1149.0273 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 487.74


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 487.74


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 487.74


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 487.74


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 66,280.30 kg


- Pressure 9.81 bar


- Temperature  65.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 487.74


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 26.672 26.67226.672s


LFL Frac  (238348) 18.75 37.1444 37.978937.1075s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (476697) 18.75 1 11s


LFL Frac  (238348) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 26.674626.6555s


LFL Frac  (238348) 18.75 37.111137.3093s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (476697) 18.75 11s


LFL Frac  (238348) 18.75 11s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 124.287 124.287124.287kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 124.287124.287kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 37.1444 37.978937.1075ppm


Furthest Extent 476697 26.672 26.67226.672ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 1 11ppm


Furthest Extent 476697 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 37.111137.3093ppm


Furthest Extent 476697 26.674626.6555ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 11ppm


Furthest Extent 476697 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-008 RICH AMINE FLASH DRUM\150D-008 RICH AMINE FLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-011 OFFGAS KO DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 29.2 bar


Temperature 40 degC


Volume Inventory 7 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 16.048349 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3048.9473 m


North(1) -1145.9495 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1.23138E-001


130.32


1,245.43


15.81


-13.59


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1.23138E-001


130.32


1,245.43


15.81


-13.59


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1.23138E-001


130.32


1,245.43


15.81


-13.59


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1.23138E-001


130.32


1,245.43


15.81


-13.59


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.23138E-001


130.32


15.81


-13.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1,245.43


0.86


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.166706 0.1638340.169353s


LFL       (40000) 18.75 8.80117 7.0291612.1447s


LFL Frac  (20000) 18.75 14.688 13.534617.0467s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1.00003 1.000021.00003s


LFL       (40000) 18.75 1.4256 1.148442.90102s


LFL Frac  (20000) 18.75 2.02365 1.405154.96744s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.1694080.166431s


LFL       (40000) 18.75 12.50198.77597s


LFL Frac  (20000) 18.75 17.331814.3185s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 1.000031.00003s


LFL       (40000) 18.75 3.478081.51847s


LFL Frac  (20000) 18.75 6.038972.23203s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 9.83194 9.765159.03716kW/m2


Radiation Level 12.5 6.14517 8.357566.14517kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 9.037169.83194kW/m2


Radiation Level 12.5 6.1451712.5kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 5.51175 6.67999Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached5.51175kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 14.688 13.534617.0467ppm


Furthest Extent 40000 8.80117 7.0291612.1447ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 2.02365 1.405154.96744ppm


Furthest Extent 40000 1.4256 1.148442.90102ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 17.331814.3185ppm


Furthest Extent 40000 12.50198.77597ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 6.038972.23203ppm


Furthest Extent 40000 3.478081.51847ppm


260 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-011 OFFGAS KO DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 29.2 bar


Temperature 40 degC


Volume Inventory 7 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 16.048349 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3048.9473 m


North(1) -1145.9495 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


2.67453E-002


600.00


1,245.43


15.81


-13.59


0.86


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


2.67453E-002


600.00


1,245.43


15.81


-13.59


0.86


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


2.67453E-002


600.00


1,245.43


15.81


-13.59


0.86


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


2.67453E-002


600.00


1,245.43


15.81


-13.59


0.86


0.16


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.67453E-002


600.00


15.81


-13.59 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 32.80


 500.00


1,245.43


0.86


0.16


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.085338 0.08460550.086001s


LFL       (40000) 18.75 4.51108 3.718186.47972s


LFL Frac  (20000) 18.75 6.42141 5.236969.31237s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1.00001 1.000011.00001s


LFL       (40000) 18.75 1.11793 1.043861.59186s


LFL Frac  (20000) 18.75 1.21437 1.071322.33706s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.08599450.0852187s


LFL       (40000) 18.75 6.588694.37944s


LFL Frac  (20000) 18.75 9.338846.13827s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 1.000011.00001s


LFL       (40000) 18.75 1.782981.13711s


LFL Frac  (20000) 18.75 2.823761.25218s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached 2.80367Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 6.42141 5.236969.31237ppm


Furthest Extent 40000 4.51108 3.718186.47972ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 1.21437 1.071322.33706ppm


Furthest Extent 40000 1.11793 1.043861.59186ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 9.338846.13827ppm


Furthest Extent 40000 6.588694.37944ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 2.823761.25218ppm


Furthest Extent 40000 1.782981.13711ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-011 OFFGAS KO DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Fireball Parameters
[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3048.9473 m


North(1) -1145.9495 m


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 29.2 bar


Temperature 40 degC


Volume Inventory 7 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:
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Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 16.048349 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-158.63


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-158.63


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-158.63


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-158.63


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 16.05 kg


- Pressure 30.21 bar


- Temperature  40.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-158.63


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1.43548 1.435481.43548s


LFL       (40000) 18.75 11.2865 15.89748.78832s


LFL Frac  (20000) 18.75 18.3249 28.696211.889s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 1 11s


LFL       (40000) 18.75 1 11s


LFL Frac  (20000) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 1.433861.4346s


LFL       (40000) 18.75 8.6023310.8799s


LFL Frac  (20000) 18.75 11.530417.5931s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 11s


LFL       (40000) 18.75 11s


LFL Frac  (20000) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 18.8261 18.826118.8261kW/m2


Radiation Level 4 67.4972 67.497267.4972kW/m2


Radiation Level 12.5 37.0249 37.024937.0249kW/m2


Radiation Level 37.5 17.7664 17.766417.7664kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 18.826118.8261kW/m2


Radiation Level 4 67.497267.4972kW/m2


Radiation Level 12.5 37.024937.0249kW/m2


Radiation Level 37.5 17.766417.7664kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 18.3249 28.696211.889ppm


Furthest Extent 40000 11.2865 15.89748.78832ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 1 11ppm


Furthest Extent 40000 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 11.530417.5931ppm


Furthest Extent 40000 8.6023310.8799ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 11ppm


Furthest Extent 40000 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-011 OFFGAS KO DRUM\150D-011 OFFGAS KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-101 STRIPPER RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 9.1 bar


Temperature 40 degC


Volume Inventory 39 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 28721.868 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3162.0588 m


North(1) -1102.0899 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


1.82778E+000


3,600.00


52.65


1.01


39.75


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


1.82778E+000


3,600.00


52.65


1.01


39.75


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


1.82778E+000


3,600.00


52.65


1.01


39.75


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


1.82778E+000


3,600.00


52.65


1.01


39.75


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.82778E+000


3,600.00


1.01


39.75 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


52.65


0.60


0.00


fraction


degC


m/s


m/s


m


um 76.38


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 5.13454 4.945165.46222s


LFL       (11247.5) 18.75 14.6435 13.452917.4274s


LFL Frac  (5623.75) 18.75 19.4892 17.940935.4288s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 4.93626 4.951074.90922s


LFL       (11247.5) 18.75 4.30196 4.671952.61213s


LFL Frac  (5623.75) 18.75 3.80231 4.499320s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 5.426785.0768s


LFL       (11247.5) 18.75 17.49514.3086s


LFL Frac  (5623.75) 18.75 43.779318.8907s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 4.908784.9365s


LFL       (11247.5) 18.75 2.224934.28579s


LFL Frac  (5623.75) 18.75 03.76437s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 17.7288 16.619322.1872kW/m2


Radiation Level 4 33.925 32.515938.1364kW/m2


Radiation Level 12.5 24.1341 22.787128.6389kW/m2


Radiation Level 37.5 17.3421 16.237221.7687kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 22.187217.7288kW/m2


Radiation Level 4 38.136433.925kW/m2


Radiation Level 12.5 28.638924.1341kW/m2


Radiation Level 37.5 21.768717.3421kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 8.45901Not ReachedkW/m2


Radiation Level 4 27.4871 25.301225.7312kW/m2


Radiation Level 12.5 15.1035 15.7986Not ReachedkW/m2


Radiation Level 37.5 Not Reached 8.00891Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 25.731227.4871kW/m2


Radiation Level 12.5 Not Reached15.1035kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 19.4892 17.940935.4288ppm


Furthest Extent 11247.5 14.6435 13.452917.4274ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 3.80231 4.499320ppm


Furthest Extent 11247.5 4.30196 4.671952.61213ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 43.779318.8907ppm


Furthest Extent 11247.5 17.49514.3086ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 03.76437ppm


Furthest Extent 11247.5 2.224934.28579ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-101 STRIPPER RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 28721.868 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3162.0588 m


North(1) -1102.0899 m


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:
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Pressure Specification Pressure specified


Storage Pressure - gauge 9.1 bar


Temperature 40 degC


Volume Inventory 39 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


4.78698E+001


600.00


52.65


1.01


39.75


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


4.78698E+001


600.00


52.65


1.01


39.75


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


4.78698E+001


600.00


52.65


1.01


39.75


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


4.78698E+001


600.00


52.65


1.01


39.75


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 76.38


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.78698E+001


600.00


1.01


39.75 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 39.75


 52.65


52.65


0.60


0.02


fraction


degC


m/s


m/s


m


um 76.38


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.2579330.219232fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 199.516195.301s


Pool Vaporization Rate 0.4542030.446416kg/s


Total Vapor Flowrate 35.976837.8216kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 85.2583.5894s


Pool Vaporization Rate 1.072331.04453kg/s


Total Vapor Flowrate 36.594938.4197kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 66.796966.1406s


Pool Vaporization Rate 1.370951.33078kg/s


Total Vapor Flowrate 36.893538.706kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 57.488156.9719s


Pool Vaporization Rate 1.602461.55243kg/s


Total Vapor Flowrate 37.12538.9276kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.199497.52s


Pool Vaporization Rate 1.876231.81486kg/s


Total Vapor Flowrate 37.398839.1901kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 119.751118.993s


Pool Vaporization Rate 2.231822.15569kg/s


Total Vapor Flowrate 37.754439.5309kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 29742981.48s


Pool Vaporization Rate 1.250371.12369kg/s


Total Vapor Flowrate 2.231822.15569kg/s


Maximum Pool Radius 23.438921.4049m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 22.1671 20.002925.6949s


LFL       (11247.5) 18.75 140.949 91.4286137.105s


LFL Frac  (5623.75) 18.75 212.941 156.681329.672s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 3.81645 4.207232.99858s


LFL       (11247.5) 18.75 0 0.3708850s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 25.779121.9837s


LFL       (11247.5) 18.75 137.609142.794s


LFL Frac  (5623.75) 18.75 359.684211.626s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 2.926463.80879s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 89.4427 84.1014108.591kW/m2


Radiation Level 4 154.203 148.443170.907kW/m2


Radiation Level 12.5 112.668 107.099131.137kW/m2


Radiation Level 37.5 88.2104 82.8883107.376kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 108.59189.4427kW/m2


Radiation Level 4 170.907154.203kW/m2


Radiation Level 12.5 131.137112.668kW/m2


Radiation Level 37.5 107.37688.2104kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 37.6043 38.9105Not ReachedkW/m2


Radiation Level 4 103.714 97.6498114.308kW/m2


Radiation Level 12.5 60.7629 61.331161.1992kW/m2


Radiation Level 37.5 35.8389 37.9483Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached37.6043kW/m2


Radiation Level 4 114.308103.714kW/m2


Radiation Level 12.5 61.199260.7629kW/m2


Radiation Level 37.5 Not Reached35.8389kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 50.972752.2605kW/m2


Radiation Level 4 78.774479.5386kW/m2


Radiation Level 12.5 59.692761.5502kW/m2


Radiation Level 37.5 50.972752.2605kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


F 1,5 m/sD 1,5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Distance (m)


F 1,5 m/sD 1,5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 105.846103.696kW/m2


Radiation Level 12.5 67.608967.3938kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


F 1,5 m/sD 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 212.941 156.681329.672ppm


Furthest Extent 11247.5 140.949 91.4286137.105ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 0.3708850ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 359.684211.626ppm


Furthest Extent 11247.5 137.609142.794ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


301 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-101 STRIPPER RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 9.1 bar


Temperature 40 degC


Volume Inventory 39 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 28721.868 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3162.0588 m


North(1) -1102.0899 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 17.34


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 310.44


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 17.34


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 310.44


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 17.34


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 310.44


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 39.75


 17.34


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 310.44


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 28,721.87 kg


- Pressure 10.11 bar


- Temperature  40.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 39.75


 17.34


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 310.44


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.832813 0.8235390.837952fraction


Initial Vapor Cloud 4801.93 5068.294654.31kg


Time Pool Left Behind 38.4521 22.0256205.751s


Cloud Segment 1


Cloud Segment Duration 56.25 60.8455.5025s


Pool Vaporization Rate 5.7017 6.695294.33514kg/s


Cloud Segment 2


Cloud Segment Duration 27.4725 29.885626.4s


Pool Vaporization Rate 11.794 13.75849.01681kg/s


Cloud Segment 3


Cloud Segment Duration 70.6581 82.196922.1375s


Pool Vaporization Rate 13.4798 14.672410.6352kg/s


Cloud Segment 4


Cloud Segment Duration 3445.62 3427.083495.96s


Pool Vaporization Rate 4.83733 5.048154.38016kg/s


Maximum Pool Radius 43.6652 43.321944.0108m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.8379260.833927fraction


Initial Vapor Cloud 4655.064769.92kg


Time Pool Left Behind 435.4847.7265s


Cloud Segment 1


Cloud Segment Duration 55.875660.0625s


Pool Vaporization Rate 3.65465.66479kg/s


Cloud Segment 2


Cloud Segment Duration 26.934429.24s


Pool Vaporization Rate 7.6729411.5679kg/s


Cloud Segment 3


Cloud Segment Duration 21.740651.7131s


Pool Vaporization Rate 9.0894412.9839kg/s


Cloud Segment 4


Cloud Segment Duration 3495.453458.98s


Pool Vaporization Rate 4.117744.79708kg/s


Maximum Pool Radius 44.12143.7468m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 46.2286 52.190841.3188s


LFL       (11247.5) 18.75 169.365 172.847216.114s


LFL Frac  (5623.75) 18.75 238.318 263.291281.57s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 41.572146.6615s


LFL       (11247.5) 18.75 195.556157.163s


LFL Frac  (5623.75) 18.75 255.854220.477s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 140.863 155.608111.143kW/m2


Radiation Level 12.5 59.4158 65.846752.3668kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 111.596141.487kW/m2


Radiation Level 12.5 52.714959.9194kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard


311 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 238.318 263.291281.57ppm


Furthest Extent 11247.5 169.365 172.847216.114ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 255.854220.477ppm


Furthest Extent 11247.5 195.556157.163ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-101 STRIPPER RECEIVER\150D-101 STRIPPER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-102 PREFLASH DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL


Material to Track DIESEL


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 6.5 bar


Temperature 310 degC


Volume Inventory 77 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1652.8891 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3221.3077 m


North(1) -1112.093 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


1.64984E-001


3,600.00


186.05


4.62


300.81


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


1.64984E-001


3,600.00


186.05


4.62


300.81


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


1.64984E-001


3,600.00


186.05


4.62


300.81


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


1.64984E-001


3,600.00


186.05


4.62


300.81


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.64984E-001


3,600.00


4.62


300.81 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


186.05


0.88


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 0.42716 0.4207910.432947s


LFL       (7815.94) 18.75 2.7248 2.436093.12776s


LFL Frac  (3907.97) 18.75 4.48591 3.82365.70587s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 1 11s


LFL       (7815.94) 18.75 1.00218 1.001321.00387s


LFL Frac  (3907.97) 18.75 1.00893 1.004381.0236s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 0.4328230.425899s


LFL       (7815.94) 18.75 3.135942.70685s


LFL Frac  (3907.97) 18.75 5.745414.43574s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 11s


LFL       (7815.94) 18.75 1.00411.00229s


LFL Frac  (3907.97) 18.75 1.026431.00968s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 5.87006 5.672775.99147kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 5.991475.87006kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 4.98831 5.79275Not ReachedkW/m2


Radiation Level 12.5 Not Reached 2.9558Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached4.98831kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 4.48591 3.82365.70587ppm


Furthest Extent 7815.94 2.7248 2.436093.12776ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 1.00893 1.004381.0236ppm


Furthest Extent 7815.94 1.00218 1.001321.00387ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 5.745414.43574ppm


Furthest Extent 7815.94 3.135942.70685ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 1.026431.00968ppm


Furthest Extent 7815.94 1.00411.00229ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-102 PREFLASH DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL


Material to Track DIESEL


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 6.5 bar


Temperature 310 degC


Volume Inventory 77 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1652.8891 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3221.3077 m


North(1) -1112.093 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


2.75387E+000


600.00


186.05


4.62


300.81


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


2.75387E+000


600.00


186.05


4.62


300.81


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


2.75387E+000


600.00


186.05


4.62


300.81


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


2.75387E+000


600.00


186.05


4.62


300.81


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.75387E+000


600.00


4.62


300.81 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 282.20


 337.94


186.05


0.88


0.04


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


328 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 1.69366 1.647831.74003s


LFL       (7815.94) 18.75 10.646 8.9775213.0085s


LFL Frac  (3907.97) 18.75 24.6121 21.236528.2764s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 1.00004 1.000041.00005s


LFL       (7815.94) 18.75 1.03377 1.017621.07168s


LFL Frac  (3907.97) 18.75 1.35711 1.174081.7426s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 1.740941.69077s


LFL       (7815.94) 18.75 13.24810.8175s


LFL Frac  (3907.97) 18.75 29.358325.324s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 1.000051.00004s


LFL       (7815.94) 18.75 1.082181.03839s


LFL Frac  (3907.97) 18.75 2.036911.44664s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 20.2112 22.791717.9044kW/m2


Radiation Level 4 29.6456 29.896429.2361kW/m2


Radiation Level 12.5 24.3286 26.025822.6602kW/m2


Radiation Level 37.5 20.0316 22.716317.59kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.904420.2112kW/m2


Radiation Level 4 29.236129.6456kW/m2


Radiation Level 12.5 22.660224.3286kW/m2


Radiation Level 37.5 17.5920.0316kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 20.4298 21.98914.1401kW/m2


Radiation Level 12.5 8.27954 12.7799Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 14.140120.4298kW/m2


Radiation Level 12.5 Not Reached8.27954kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 24.6121 21.236528.2764ppm


Furthest Extent 7815.94 10.646 8.9775213.0085ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 1.35711 1.174081.7426ppm


Furthest Extent 7815.94 1.03377 1.017621.07168ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 29.358325.324ppm


Furthest Extent 7815.94 13.24810.8175ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 2.036911.44664ppm


Furthest Extent 7815.94 1.082181.03839ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-102 PREFLASH DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL


Material to Track DIESEL


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 6.5 bar


Temperature 310 degC


Volume Inventory 77 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1652.8891 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3221.3077 m


North(1) -1112.093 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 275.93


 292.45


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


335 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 275.93


 292.45


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 275.93


 292.45


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 275.93


 292.45


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,652.32 kg


- Pressure 7.51 bar


- Temperature  310.00 degC


Material DIESEL


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 275.93


 292.45


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 10.9317 11.309110.6962s


LFL       (7815.94) 18.75 31.5894 49.529320.7164s


LFL Frac  (3907.97) 18.75 65.2335 113.43628.2598s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (59411.2) 18.75 1 11s


LFL       (7815.94) 18.75 1 11s


LFL Frac  (3907.97) 18.75 1.56392 1.762811s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 10.714110.9708s


LFL       (7815.94) 18.75 20.756932.2568s


LFL Frac  (3907.97) 18.75 28.789868.5809s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (59411.2) 18.75 11s


LFL       (7815.94) 18.75 11s


LFL Frac  (3907.97) 18.75 11.56084s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.4683 12.468312.4683kW/m2


Radiation Level 4 188.1 188.1188.1kW/m2


Radiation Level 12.5 93.6569 93.656993.6569kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 12.468312.4683kW/m2


Radiation Level 4 188.1188.1kW/m2


Radiation Level 12.5 93.656993.6569kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 65.2335 113.43628.2598ppm


Furthest Extent 7815.94 31.5894 49.529320.7164ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3907.97 1.56392 1.762811ppm


Furthest Extent 7815.94 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 28.789868.5809ppm


Furthest Extent 7815.94 20.756932.2568ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3907.97 11.56084ppm


Furthest Extent 7815.94 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-102 PREFLASH DRUM\150D-102 PREFLASH DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 100 degC


Volume Inventory 174.5 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 117821.22 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3170.5229 m


North(1) -1110.554 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


6.59830E-001


3,600.00


20.74


1.01


99.94


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


6.59830E-001


3,600.00


20.74


1.01


99.94


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


6.59830E-001


3,600.00


20.74


1.01


99.94


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


6.59830E-001


3,600.00


20.74


1.01


99.94


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.59830E-001


3,600.00


1.01


99.94 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


20.74


0.60


0.02


fraction


degC


m/s


m/s


m


um 400.99


 0.85


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.48594 0.4671130.511387fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 864.36 843.903901.501s


Pool Vaporization Rate 0.083673 0.08736520.0741139kg/s


Total Vapor Flowrate 0.422865 0.438980.396515kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 429.841 423.458436.23s


Pool Vaporization Rate 0.168597 0.1738990.152771kg/s


Total Vapor Flowrate 0.507789 0.5255140.475173kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 358.222 356.73361.77s


Pool Vaporization Rate 0.201862 0.206810.185305kg/s


Total Vapor Flowrate 0.541054 0.5584250.507706kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 907.938 1464.49618.922s


Pool Vaporization Rate 0.239724 0.2530290.216351kg/s


Total Vapor Flowrate 0.578917 0.6046430.538752kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1039.64 511.4191281.58s


Pool Vaporization Rate 0.275652 0.2818470.259074kg/s


Total Vapor Flowrate 0.614844 0.6334620.581476kg/s


Maximum Pool Radius 5.97839 5.554296.73226m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.5142210.487979fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 922.641873.202s


Pool Vaporization Rate 0.06665140.0810321kg/s


Total Vapor Flowrate 0.3871830.418879kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 440.815430.008s


Pool Vaporization Rate 0.1396720.164263kg/s


Total Vapor Flowrate 0.4602030.50211kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 360.87359.391s


Pool Vaporization Rate 0.1706860.197287kg/s


Total Vapor Flowrate 0.4912170.535133kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 615.815622.239s


Pool Vaporization Rate 0.2009310.22792kg/s


Total Vapor Flowrate 0.5214620.565767kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1259.861315.16s
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Pool Vaporization Rate 0.2433160.267783kg/s


Total Vapor Flowrate 0.5638470.60563kg/s


Maximum Pool Radius 7.08346.11533m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 3.00347 2.559613.85788s


LFL       (11247.5) 18.75 8.81485 5.837526.459s


LFL Frac  (5623.75) 18.75 19.958 10.459440.6635s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.899071 0.9426150.769847s


LFL       (11247.5) 18.75 0.543095 0.8295020s


LFL Frac  (5623.75) 18.75 0.344885 0.7625250s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 3.911352.94795s


LFL       (11247.5) 18.75 27.28410.026s


LFL Frac  (5623.75) 18.75 38.412221.3367s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.7419560.8941s


LFL       (11247.5) 18.75 00.41927s


LFL Frac  (5623.75) 18.75 00.139299s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.0964 13.146617.4746kW/m2


Radiation Level 4 22.8317 21.611526.6986kW/m2


Radiation Level 12.5 17.2822 16.207120.9701kW/m2


Radiation Level 37.5 13.9214 12.981717.2665kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.474614.0964kW/m2


Radiation Level 4 26.698622.8317kW/m2


Radiation Level 12.5 20.970117.2822kW/m2


Radiation Level 37.5 17.266513.9214kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 7.78765 9.10457Not ReachedkW/m2


Radiation Level 4 18.7326 17.299917.3398kW/m2


Radiation Level 12.5 12.1973 12.056110.1006kW/m2


Radiation Level 37.5 7.58184 8.94022Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached7.78765kW/m2


Radiation Level 4 17.339818.7326kW/m2


Radiation Level 12.5 10.100612.1973kW/m2


Radiation Level 37.5 Not Reached7.58184kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.80687 11.79268.24523kW/m2


Radiation Level 4 18.9617 20.02617.9024kW/m2


Radiation Level 12.5 14.5546 16.239112.8261kW/m2


Radiation Level 37.5 9.466 11.27097.99912kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 8.096969.45853kW/m2


Radiation Level 4 17.773418.5958kW/m2


Radiation Level 12.5 12.686614.1817kW/m2


Radiation Level 37.5 7.850679.08419kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 12.5061 13.401212.7238kW/m2


Radiation Level 4 43.2978 44.568240.462kW/m2


Radiation Level 12.5 28.6378 32.396821.5144kW/m2


Radiation Level 37.5 12.5061 13.401212.7238kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 12.92112.2566kW/m2


Radiation Level 4 40.959543.2942kW/m2


Radiation Level 12.5 21.312428.1608kW/m2


Radiation Level 37.5 12.92112.2566kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 19.958 10.459440.6635ppm


Furthest Extent 11247.5 8.81485 5.837526.459ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0.344885 0.7625250ppm


Furthest Extent 11247.5 0.543095 0.8295020ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 38.412221.3367ppm


Furthest Extent 11247.5 27.28410.026ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00.139299ppm


Furthest Extent 11247.5 00.41927ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 100 degC


Volume Inventory 174.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 117821.22 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3170.5229 m


North(1) -1110.554 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


1.96369E+002


600.00


20.74


1.01


99.94


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


1.96369E+002


600.00


20.74


1.01


99.94


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


1.96369E+002


600.00


20.74


1.01


99.94


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


1.96369E+002


600.00


20.74


1.01


99.94


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 400.99


 0.85


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.96369E+002


600.00


1.01


99.94 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


359 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 20.74


20.74


0.60


0.11


fraction


degC


m/s


m/s


m


um 400.99


 0.85


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.649726 0.6428610.657628fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 213.891 215.356210.976s


Pool Vaporization Rate 9.81386 10.72717.89985kg/s


Total Vapor Flowrate 78.5966 80.85875.131kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 99.3994 99.706997.0269s


Pool Vaporization Rate 21.2206 23.131917.2757kg/s


Total Vapor Flowrate 90.0033 93.262984.5068kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 81.7256 81.943179.1031s


Pool Vaporization Rate 25.9296 28.173121.2744kg/s


Total Vapor Flowrate 94.7123 98.30488.5055kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 71.5444 72.868.7169s


Pool Vaporization Rate 29.4897 32.03124.2453kg/s


Total Vapor Flowrate 98.2725 102.16291.4764kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 187.271 190.434242.208s


Pool Vaporization Rate 33.7968 36.458127.7485kg/s


Total Vapor Flowrate 102.58 106.58994.9796kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 146.809 153.18667.625s


Pool Vaporization Rate 27.7179 29.624723.3229kg/s


Total Vapor Flowrate 33.7968 36.458127.7485kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2799.36 2786.572834.34s


Pool Vaporization Rate 13.2302 13.807212.1082kg/s


Total Vapor Flowrate 27.7179 29.624723.3229kg/s


Maximum Pool Radius 72.5742 71.454974.4142m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.6604030.650253fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 208.802213.16s


Pool Vaporization Rate 6.798449.28853kg/s


Total Vapor Flowrate 73.484777.968kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 94.828198.3625s


Pool Vaporization Rate 14.984520.1762kg/s


Total Vapor Flowrate 81.670788.8556kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 76.619480.5175s
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Pool Vaporization Rate 18.554424.6984kg/s


Total Vapor Flowrate 85.240693.3778kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 67.072571.2856s


Pool Vaporization Rate 21.189528.1248kg/s


Total Vapor Flowrate 87.875796.8042kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 229.728184.127s


Pool Vaporization Rate 24.898632.5011kg/s


Total Vapor Flowrate 91.5848101.181kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 61.18140.503s


Pool Vaporization Rate 21.857827.2064kg/s


Total Vapor Flowrate 24.898632.5011kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2861.772812.04s


Pool Vaporization Rate 11.686913.1606kg/s


Total Vapor Flowrate 21.857827.2064kg/s


Maximum Pool Radius 75.340772.947m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 54.3052 46.241946.2134s


LFL       (11247.5) 18.75 187.218 151.786382.968s


LFL Frac  (5623.75) 18.75 259.572 221.905524.76s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 52.131356.6704s


LFL       (11247.5) 18.75 395.909180.036s


LFL Frac  (5623.75) 18.75 512.103251.4s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 174.597 157.509213.299kW/m2


Radiation Level 4 298.131 267.969340.75kW/m2


Radiation Level 12.5 218.788 196.915259.651kW/m2


Radiation Level 37.5 172.263 155.438210.773kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 213.299174.597kW/m2


Radiation Level 4 340.75298.131kW/m2


Radiation Level 12.5 259.651218.788kW/m2


Radiation Level 37.5 210.773172.263kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardTruncated


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 76.5332 73.355275.4772kW/m2


Radiation Level 4 196.517 174.566243.541kW/m2


Radiation Level 12.5 116.841 111.477145.74kW/m2


Radiation Level 37.5 73.9627 71.746170.4521kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 75.477276.5332kW/m2


Radiation Level 4 243.541196.517kW/m2


Radiation Level 12.5 145.74116.841kW/m2


Radiation Level 37.5 70.452173.9627kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 88.1843 93.640972.2832kW/m2


Radiation Level 12.5 38.0826 38.941535.4267kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 71.96687.9487kW/m2


Radiation Level 12.5 35.065837.8323kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 205.295 217.562172.976kW/m2


Radiation Level 12.5 88.5721 89.552187.8409kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 174.235205.827kW/m2


Radiation Level 12.5 88.360188.6965kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 259.572 221.905524.76ppm


Furthest Extent 11247.5 187.218 151.786382.968ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 512.103251.4ppm


Furthest Extent 11247.5 395.909180.036ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Dispersion
Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3170.5229 m


North(1) -1110.554 m


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.3 bar


Temperature 100 degC


Volume Inventory 174.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:
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[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 117821.22 kg
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 319.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 34.60


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 319.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 34.60


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 319.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 34.60


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 319.06


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 34.60


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 117,821.24 kg


- Pressure 2.31 bar


- Temperature  100.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 319.06


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 34.60


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 44.0571 48.725141.1822s


LFL       (11247.5) 18.75 141.771 224.61783.9884s


LFL Frac  (5623.75) 18.75 261.63 447.482119.113s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1 11s


LFL       (11247.5) 18.75 1 11s


LFL Frac  (5623.75) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 41.933845.3694s


LFL       (11247.5) 18.75 94.2635164.706s


LFL Frac  (5623.75) 18.75 154.353318.229s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 11s


LFL       (11247.5) 18.75 11s


LFL Frac  (5623.75) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 261.63 447.482119.113ppm


Furthest Extent 11247.5 141.771 224.61783.9884ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 1 11ppm


Furthest Extent 11247.5 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 154.353318.229ppm


Furthest Extent 11247.5 94.2635164.706ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 11ppm


Furthest Extent 11247.5 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-103 PRODUCT FRACTIONATOR RECEIVER\150D-103 PRODUCT FRACTIONATOR RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-104 DEBUTANIZER RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_H2S


Material to Track LPG_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 40 degC


Volume Inventory 6.4 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3302.4764 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3062.7977 m


North(1) -1119.7876 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


1.80943E+000


1,825.15


74.07


1.01


38.61


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


1.80943E+000


1,825.15


74.07


1.01


38.61


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


1.80943E+000


1,825.15


74.07


1.01


38.61


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


1.80943E+000


1,825.15


74.07


1.01


38.61


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.80943E+000


1,825.15


1.01


38.61 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


74.07


0.60


0.02


fraction


degC


m/s


m/s


m


um 98.29


 0.60


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 2.88398 2.846332.92613s


LFL       (20153.1) 18.75 11.9182 10.745213.7332s


LFL Frac  (10076.6) 18.75 18.6836 16.356723.324s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 4.99867 4.998814.99851s


LFL       (20153.1) 18.75 4.93271 4.963234.85627s


LFL Frac  (10076.6) 18.75 4.78368 4.902464.31276s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 2.921172.87325s


LFL       (20153.1) 18.75 13.62411.7668s


LFL Frac  (10076.6) 18.75 23.151218.3s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 4.998514.99867s


LFL       (20153.1) 18.75 4.853594.93221s


LFL Frac  (10076.6) 18.75 4.27194.78265s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


383 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 13.3266 12.834117.9259kW/m2


Radiation Level 4 27.0639 26.395930.9771kW/m2


Radiation Level 12.5 19.7433 18.772123.8421kW/m2


Radiation Level 37.5 13.1649 11.965617.7211kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.925913.3266kW/m2


Radiation Level 4 30.977127.0639kW/m2


Radiation Level 12.5 23.842119.7433kW/m2


Radiation Level 37.5 17.721113.1649kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 19.582 20.689616.2165kW/m2


Radiation Level 12.5 Not Reached 10.8852Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 16.216519.582kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 18.6836 16.356723.324ppm


Furthest Extent 20153.1 11.9182 10.745213.7332ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 4.78368 4.902464.31276ppm


Furthest Extent 20153.1 4.93271 4.963234.85627ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 23.151218.3ppm


Furthest Extent 20153.1 13.62411.7668ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 4.27194.78265ppm


Furthest Extent 20153.1 4.853594.93221ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-104 DEBUTANIZER RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_H2S


Material to Track LPG_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 40 degC


Volume Inventory 6.4 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3302.4764 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3062.7977 m


North(1) -1119.7876 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


5.50413E+000


600.00


74.07


1.01


38.61


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


5.50413E+000


600.00


74.07


1.01


38.61


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


5.50413E+000


600.00


74.07


1.01


38.61


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


5.50413E+000


600.00


74.07


1.01


38.61


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 98.29


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.50413E+000


600.00


1.01


38.61 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.34


 234.28


74.07


0.60


0.10


fraction


degC


m/s


m/s


m


um 98.29


 0.60


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 4.98761 4.88375.08851s


LFL       (20153.1) 18.75 19.6395 17.392823.2561s


LFL Frac  (10076.6) 18.75 29.6396 25.738139.4934s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 4.99597 4.996444.99547s


LFL       (20153.1) 18.75 4.81399 4.902124.58017s


LFL Frac  (10076.6) 18.75 4.46496 4.758713.13879s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 5.080894.96826s


LFL       (20153.1) 18.75 23.125419.3898s


LFL Frac  (10076.6) 18.75 40.778728.9685s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 4.995454.99597s


LFL       (20153.1) 18.75 4.569564.81267s


LFL Frac  (10076.6) 18.75 2.857214.46733s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 27.2444 25.59134.069kW/m2


Radiation Level 4 46.5744 45.534652.9136kW/m2


Radiation Level 12.5 34.7154 33.260241.5617kW/m2


Radiation Level 37.5 26.8041 25.128233.5929kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 34.06927.2444kW/m2


Radiation Level 4 52.913646.5744kW/m2


Radiation Level 12.5 41.561734.7154kW/m2


Radiation Level 37.5 33.592926.8041kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 31.6343 33.639432.1567kW/m2


Radiation Level 12.5 15.7542 18.9485Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 32.156731.6343kW/m2


Radiation Level 12.5 Not Reached15.7542kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 29.6396 25.738139.4934ppm


Furthest Extent 20153.1 19.6395 17.392823.2561ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 4.46496 4.758713.13879ppm


Furthest Extent 20153.1 4.81399 4.902124.58017ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 40.778728.9685ppm


Furthest Extent 20153.1 23.125419.3898ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 2.857214.46733ppm


Furthest Extent 20153.1 4.569564.81267ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-104 DEBUTANIZER RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_H2S


Material to Track LPG_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 12.8 bar


Temperature 40 degC


Volume Inventory 6.4 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 3302.4764 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 19.6 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3062.7977 m


North(1) -1119.7876 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 223.44


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 89.76


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 223.44


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 89.76


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 223.44


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 89.76


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.34


 223.44


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 89.76


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 3,302.48 kg


- Pressure 13.81 bar


- Temperature  40.00 degC


Material LPG_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.34


 223.44


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 89.76


 0.60


Final data (after atmospheric expansion):


402 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 13.3537 16.412411.296s


LFL       (20153.1) 18.75 49.3213 81.933225.2083s


LFL Frac  (10076.6) 18.75 140.56 208.18667.1513s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (108030) 18.75 5 55s


LFL       (20153.1) 18.75 5 55s


LFL Frac  (10076.6) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 11.294813.3774s


LFL       (20153.1) 18.75 25.883451.302s


LFL Frac  (10076.6) 18.75 68.6133145.202s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (108030) 18.75 55s


LFL       (20153.1) 18.75 55s


LFL Frac  (10076.6) 18.75 00s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 58.1009 58.100958.1009kW/m2


Radiation Level 4 279.894 279.894279.894kW/m2


Radiation Level 12.5 147.422 147.422147.422kW/m2


Radiation Level 37.5 51.6276 51.627651.6276kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 58.100958.1009kW/m2


Radiation Level 4 279.894279.894kW/m2


Radiation Level 12.5 147.422147.422kW/m2


Radiation Level 37.5 51.627651.6276kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 140.56 208.18667.1513ppm


Furthest Extent 20153.1 49.3213 81.933225.2083ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10076.6 0 00ppm


Furthest Extent 20153.1 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 68.6133145.202ppm


Furthest Extent 20153.1 25.883451.302ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10076.6 00ppm


Furthest Extent 20153.1 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-104 DEBUTANIZER RECEIVER\150D-104 DEBUTANIZER RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-106A/B HEAVY NAPHTHA SULFUR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 160 degC


Volume Inventory 29.8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17837.112 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3042.0221 m


North(1) -1132.0991 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


1.59975E+000


3,600.00


56.62


1.01


159.32


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


1.59975E+000


3,600.00


56.62


1.01


159.32


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


1.59975E+000


3,600.00


56.62


1.01


159.32


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


1.59975E+000


3,600.00


56.62


1.01


159.32


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.59975E+000


3,600.00


1.01


159.32 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


56.62


0.60


0.02


fraction


degC


m/s


m/s


m


um 143.35


 0.48


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 2.32675 2.216622.4387s


UFL       (73680.5) 18.75 2.32675 2.216622.4387s


LFL       (11247.5) 18.75 9.96087 7.8120613.4445s


LFL       (11247.5) 18.75 9.96087 7.8120613.4445s


LFL Frac  (5623.75) 18.75 24.4041 17.565230.9199s


LFL Frac  (5623.75) 18.75 24.4041 17.565230.9199s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.998749 0.998940.998538s


UFL       (73680.5) 18.75 0.998749 0.998940.998538s


LFL       (11247.5) 18.75 0.950372 0.9774840.880469s


LFL       (11247.5) 18.75 0.950372 0.9774840.880469s


LFL Frac  (5623.75) 18.75 0.810749 0.9296040.485955s


LFL Frac  (5623.75) 18.75 0.810749 0.9296040.485955s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 2.438952.31759s


UFL       (73680.5) 18.75 2.438952.31759s


LFL       (11247.5) 18.75 13.875210.1434s


LFL       (11247.5) 18.75 13.875210.1434s


LFL Frac  (5623.75) 18.75 33.684726.1231s


LFL Frac  (5623.75) 18.75 33.684726.1231s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.9985190.998738s


UFL       (73680.5) 18.75 0.9985190.998738s
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LFL       (11247.5) 18.75 0.8623090.944388s


LFL       (11247.5) 18.75 0.8623090.944388s


LFL Frac  (5623.75) 18.75 0.03171430.741729s


LFL Frac  (5623.75) 18.75 0.03171430.741729s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.9127 15.99520.753kW/m2


Radiation Level 35 16.9127 15.99520.753kW/m2


Radiation Level 4 28.0318 27.506431.2162kW/m2


Radiation Level 4 28.0318 27.506431.2162kW/m2


Radiation Level 12.5 20.8885 20.105524.5292kW/m2


Radiation Level 12.5 20.8885 20.105524.5292kW/m2


Radiation Level 37.5 16.7016 15.777520.5501kW/m2


Radiation Level 37.5 16.7016 15.777520.5501kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 20.75316.9127kW/m2


Radiation Level 35 20.75316.9127kW/m2


Radiation Level 4 31.216228.0318kW/m2


Radiation Level 4 31.216228.0318kW/m2


Radiation Level 12.5 24.529220.8885kW/m2


Radiation Level 12.5 24.529220.8885kW/m2


Radiation Level 37.5 20.550116.7016kW/m2


Radiation Level 37.5 20.550116.7016kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 6.28576 9.08424Not ReachedkW/m2


Radiation Level 35 6.28576 9.08424Not ReachedkW/m2


Radiation Level 4 19.579 19.75521.3214kW/m2


Radiation Level 4 19.579 19.75521.3214kW/m2


Radiation Level 12.5 11.4883 13.21389.90948kW/m2


Radiation Level 12.5 11.4883 13.21389.90948kW/m2


Radiation Level 37.5 5.77064 8.81225Not ReachedkW/m2


Radiation Level 37.5 5.77064 8.81225Not ReachedkW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached6.28576kW/m2


Radiation Level 35 Not Reached6.28576kW/m2


Radiation Level 4 21.321419.579kW/m2


Radiation Level 4 21.321419.579kW/m2


Radiation Level 12.5 9.9094811.4883kW/m2


Radiation Level 12.5 9.9094811.4883kW/m2


Radiation Level 37.5 Not Reached5.77064kW/m2


Radiation Level 37.5 Not Reached5.77064kW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 24.4041 17.565230.9199ppm


Furthest Extent 5623.75 24.4041 17.565230.9199ppm


Furthest Extent 11247.5 9.96087 7.8120613.4445ppm


Furthest Extent 11247.5 9.96087 7.8120613.4445ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0.810749 0.9296040.485955ppm


Furthest Extent 5623.75 0.810749 0.9296040.485955ppm


Furthest Extent 11247.5 0.950372 0.9774840.880469ppm


Furthest Extent 11247.5 0.950372 0.9774840.880469ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 33.684726.1231ppm


Furthest Extent 5623.75 33.684726.1231ppm


Furthest Extent 11247.5 13.875210.1434ppm


Furthest Extent 11247.5 13.875210.1434ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 0.03171430.741729ppm


Furthest Extent 5623.75 0.03171430.741729ppm


Furthest Extent 11247.5 0.8623090.944388ppm


Furthest Extent 11247.5 0.8623090.944388ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 160 degC


Volume Inventory 29.8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17837.112 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3042.0221 m


North(1) -1132.0991 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


2.97285E+001


600.00


56.62


1.01


159.32


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


2.97285E+001


600.00


56.62


1.01


159.32


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


2.97285E+001


600.00


56.62


1.01


159.32


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


2.97285E+001


600.00


56.62


1.01


159.32


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 143.35


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.97285E+001


600.00


1.01


159.32 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 168.58


56.62


0.60


0.11


fraction


degC


m/s


m/s


m


um 143.35


 0.48


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 9.47345 8.7049210.3901s


UFL       (73680.5) 18.75 9.47345 8.7049210.3901s


LFL       (11247.5) 18.75 94.1739 92.833387.58s


LFL       (11247.5) 18.75 94.1739 92.833387.58s


LFL Frac  (5623.75) 18.75 184.278 158.107183.41s


LFL Frac  (5623.75) 18.75 184.278 158.107183.41s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.979585 0.9839350.973543s


UFL       (73680.5) 18.75 0.979585 0.9839350.973543s


LFL       (11247.5) 18.75 4.77239e-007 0.3171750s


LFL       (11247.5) 18.75 4.77239e-007 0.3171750s


LFL Frac  (5623.75) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 10.39749.45696s


UFL       (73680.5) 18.75 10.39749.45696s


LFL       (11247.5) 18.75 92.850498.3329s


LFL       (11247.5) 18.75 92.850498.3329s


LFL Frac  (5623.75) 18.75 193.207185.058s


LFL Frac  (5623.75) 18.75 193.207185.058s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.973190.979302s


UFL       (73680.5) 18.75 0.973190.979302s
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LFL       (11247.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 63.7624 59.892577.2669kW/m2


Radiation Level 35 63.7624 59.892577.2669kW/m2


Radiation Level 4 107.866 104.376118.699kW/m2


Radiation Level 4 107.866 104.376118.699kW/m2


Radiation Level 12.5 79.4266 75.688892.0765kW/m2


Radiation Level 12.5 79.4266 75.688892.0765kW/m2


Radiation Level 37.5 62.9411 59.061576.4824kW/m2


Radiation Level 37.5 62.9411 59.061576.4824kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 77.266963.7624kW/m2


Radiation Level 35 77.266963.7624kW/m2


Radiation Level 4 118.699107.866kW/m2


Radiation Level 4 118.699107.866kW/m2


Radiation Level 12.5 92.076579.4266kW/m2


Radiation Level 12.5 92.076579.4266kW/m2


Radiation Level 37.5 76.482462.9411kW/m2


Radiation Level 37.5 76.482462.9411kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


for each jet fire listed in the above hazard table


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.2137 27.4011Not ReachedkW/m2


Radiation Level 35 19.2137 27.4011Not ReachedkW/m2


Radiation Level 4 63.6862 67.015771.0665kW/m2


Radiation Level 4 63.6862 67.015771.0665kW/m2


Radiation Level 12.5 38.15 42.191733.3967kW/m2


Radiation Level 12.5 38.15 42.191733.3967kW/m2


Radiation Level 37.5 17.5009 26.7648Not ReachedkW/m2


Radiation Level 37.5 17.5009 26.7648Not ReachedkW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached19.2137kW/m2


Radiation Level 35 Not Reached19.2137kW/m2


Radiation Level 4 71.066563.6862kW/m2


Radiation Level 4 71.066563.6862kW/m2


Radiation Level 12.5 33.396738.15kW/m2


Radiation Level 12.5 33.396738.15kW/m2


Radiation Level 37.5 Not Reached17.5009kW/m2


Radiation Level 37.5 Not Reached17.5009kW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 184.278 158.107183.41ppm


Furthest Extent 5623.75 184.278 158.107183.41ppm


Furthest Extent 11247.5 94.1739 92.833387.58ppm


Furthest Extent 11247.5 94.1739 92.833387.58ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 4.77239e-007 0.3171750ppm


Furthest Extent 11247.5 4.77239e-007 0.3171750ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 193.207185.058ppm


Furthest Extent 5623.75 193.207185.058ppm


Furthest Extent 11247.5 92.850498.3329ppm


Furthest Extent 11247.5 92.850498.3329ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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150D-106A/B HEAVY NAPHTHA SULFUR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 160 degC


Volume Inventory 29.8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17837.112 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 37.6 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3042.0221 m


North(1) -1132.0991 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 159.83


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.17


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 159.83


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.17


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 159.83


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.17


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 159.83


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.17


 0.48


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,837.12 kg


- Pressure 9.61 bar


- Temperature  160.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 159.83


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 134.17


 0.48


Final data (after atmospheric expansion):
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Consequence Results
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 25.731 33.27521.7127s


UFL       (73680.5) 18.75 25.731 33.27521.7127s


LFL       (11247.5) 18.75 147.451 230.16160.9301s


LFL       (11247.5) 18.75 147.451 230.16160.9301s


LFL Frac  (5623.75) 18.75 332.281 436.707218.943s


LFL Frac  (5623.75) 18.75 332.281 436.707218.943s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 1 11s


UFL       (73680.5) 18.75 1 11s


LFL       (11247.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 22.150926.8311s


UFL       (73680.5) 18.75 22.150926.8311s


LFL       (11247.5) 18.75 70.0184161.003s


LFL       (11247.5) 18.75 70.0184161.003s


LFL Frac  (5623.75) 18.75 217.255352.258s


LFL Frac  (5623.75) 18.75 217.255352.258s


Concentration(ppm) Averaging Time Heights (m) for above distances


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 11s


UFL       (73680.5) 18.75 11s
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LFL       (11247.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


Fireball Flame Status HazardHazard


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106A HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 144.828 144.828144.828kW/m2


Radiation Level 35 144.828 144.828144.828kW/m2


Radiation Level 4 558.742 558.742558.742kW/m2


Radiation Level 4 558.742 558.742558.742kW/m2


Radiation Level 12.5 305.15 305.15305.15kW/m2


Radiation Level 12.5 305.15 305.15305.15kW/m2


Radiation Level 37.5 134.829 134.829134.829kW/m2


Radiation Level 37.5 134.829 134.829134.829kW/m2


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Radiation Level 35 144.828144.828kW/m2


Radiation Level 35 144.828144.828kW/m2


Radiation Level 4 558.742558.742kW/m2


Radiation Level 4 558.742558.742kW/m2


Radiation Level 12.5 305.15305.15kW/m2


Radiation Level 12.5 305.15305.15kW/m2


Radiation Level 37.5 134.829134.829kW/m2


Radiation Level 37.5 134.829134.829kW/m2
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Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


Radiation Level (kW/m2)


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


Distance (m)


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 332.281 436.707218.943ppm


Furthest Extent 5623.75 332.281 436.707218.943ppm


Furthest Extent 11247.5 147.451 230.16160.9301ppm


Furthest Extent 11247.5 147.451 230.16160.9301ppm


Heights (m) for above distances


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 217.255352.258ppm


Furthest Extent 5623.75 217.255352.258ppm


Furthest Extent 11247.5 70.0184161.003ppm


Furthest Extent 11247.5 70.0184161.003ppm


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\150D-106B HEAVY NAPHTHA SULFUR GUARD BED\150D-106A/B HEAVY NAPHTHA SULFUR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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150D-107 EJECTOR RECEIVER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.2 bar


Temperature 40 degC


Volume Inventory 1.2 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1095.2055 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3098.1931 m


North(1) -1109.7846 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


7.80131E-001


1,403.87


18.14


1.01


39.99


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


7.80131E-001


1,403.87


18.14


1.01


39.99


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


7.80131E-001


1,403.87


18.14


1.01


39.99


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


7.80131E-001


1,403.87


18.14


1.01


39.99


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.80131E-001


1,403.87


1.01


39.99 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


18.14


0.60


0.01


fraction


degC


m/s


m/s


m


um 486.63


 0.99


Final data (after atmospheric expansion):
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Consequence Results


454 483 of Date: 9/26/2012 Time:  4:02:45PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 1403.87 1403.871403.87s


Liquid Rainout 0.83021 0.8209770.843049fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 405.016 404.01408.04s


Pool Vaporization Rate 0.0675243 0.07237140.058956kg/s


Total Vapor Flowrate 0.199983 0.2120330.181398kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 187.907 187.696188.541s


Pool Vaporization Rate 0.145966 0.1567760.128074kg/s


Total Vapor Flowrate 0.278425 0.2964380.250517kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 151.003 150.857151.442s


Pool Vaporization Rate 0.180671 0.1939490.159024kg/s


Total Vapor Flowrate 0.31313 0.3336110.281466kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 132.234 132.118132.583s


Pool Vaporization Rate 0.206483 0.2214790.182218kg/s


Total Vapor Flowrate 0.338942 0.361140.30466kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 232.73 232.545229.95s


Pool Vaporization Rate 0.236282 0.2531060.208977kg/s


Total Vapor Flowrate 0.368741 0.3927680.331419kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 294.983 296.648293.318s


Pool Vaporization Rate 0.274343 0.2933820.243466kg/s


Total Vapor Flowrate 0.406801 0.4330440.365908kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2196.13 2196.132196.13s


Pool Vaporization Rate 0.124893 0.1379110.107345kg/s


Total Vapor Flowrate 0.124893 0.1379110.107345kg/s


Maximum Pool Radius 6.65189 6.509026.87125m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 1403.871403.87s


Liquid Rainout 0.8445150.831204fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 414.123407.031s


Pool Vaporization Rate 0.0540410.0656657kg/s


Total Vapor Flowrate 0.1753390.197349kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 188.58187.11s


Pool Vaporization Rate 0.1189640.14249kg/s


Total Vapor Flowrate 0.2402620.274173kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 150.8151.149s
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Pool Vaporization Rate 0.1481710.176543kg/s


Total Vapor Flowrate 0.269470.308227kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 131.56132.351s


Pool Vaporization Rate 0.1701170.202006kg/s


Total Vapor Flowrate 0.2914150.33369kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 230.497232.915s


Pool Vaporization Rate 0.1957010.231458kg/s


Total Vapor Flowrate 0.3170.363141kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 288.313293.318s


Pool Vaporization Rate 0.2286630.26903kg/s


Total Vapor Flowrate 0.3499620.400713kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2196.132196.13s


Pool Vaporization Rate 0.1055810.124359kg/s


Total Vapor Flowrate 0.1055810.124359kg/s


Maximum Pool Radius 6.957446.68714m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.11273 1.845072.5457s


LFL Frac  (238348) 18.75 3.56004 3.020744.48183s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.935974 0.9573130.891008s


LFL Frac  (238348) 18.75 0.823441 0.9034680.597166s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.552822.07783s


LFL Frac  (238348) 18.75 4.164743.49838s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.8859280.9351s


LFL Frac  (238348) 18.75 0.6304940.811356s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 3.56004 3.020744.48183ppm


Furthest Extent 476697 2.11273 1.845072.5457ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.823441 0.9034680.597166ppm


Furthest Extent 476697 0.935974 0.9573130.891008ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 4.164743.49838ppm


Furthest Extent 476697 2.552822.07783ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.6304940.811356ppm


Furthest Extent 476697 0.8859280.9351ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-107 EJECTOR RECEIVER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.2 bar


Temperature 40 degC


Volume Inventory 1.2 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1095.2055 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3098.1931 m


North(1) -1109.7846 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


1.82534E+000


600.00


18.14


1.01


39.99


0.60


0.06


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


1.82534E+000


600.00


18.14


1.01


39.99


0.60


0.06


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


1.82534E+000


600.00


18.14


1.01


39.99


0.60


0.06


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


1.82534E+000


600.00


18.14


1.01


39.99


0.60


0.06


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 486.63


 0.99


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.82534E+000


600.00


1.01


39.99 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 18.14


18.14


0.60


0.06


fraction


degC


m/s


m/s


m


um 486.63


 0.99


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.840093 0.829390.853674fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 186.323 189.063183.603s


Pool Vaporization Rate 0.0748516 0.07983640.0648478kg/s


Total Vapor Flowrate 0.366736 0.3912570.331943kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 81.8181 82.363180.46s


Pool Vaporization Rate 0.170696 0.1837530.14748kg/s


Total Vapor Flowrate 0.46258 0.4951740.414575kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.9219 65.296964.4531s


Pool Vaporization Rate 0.21434 0.2309520.185482kg/s


Total Vapor Flowrate 0.506225 0.5423730.452577kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.0131 56.308155.6444s


Pool Vaporization Rate 0.24735 0.2666350.214461kg/s


Total Vapor Flowrate 0.539234 0.5780560.481557kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 98.23 98.796.5456s


Pool Vaporization Rate 0.286285 0.3086920.248512kg/s


Total Vapor Flowrate 0.578169 0.6201130.515607kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 121.3 121.82119.294s


Pool Vaporization Rate 0.337063 0.3633290.293033kg/s


Total Vapor Flowrate 0.628948 0.674750.560128kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2991.39 2986.453000s


Pool Vaporization Rate 0.135563 0.1501810.115128kg/s


Total Vapor Flowrate 0.337063 0.3633290.115128kg/s


Maximum Pool Radius 7.29598 7.201957.43749m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.8550970.84111fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 189.063187.006s


Pool Vaporization Rate 0.05929690.0723847kg/s


Total Vapor Flowrate 0.3237950.362414kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 82.363181.9544s


Pool Vaporization Rate 0.1366870.165857kg/s


Total Vapor Flowrate 0.4011850.455886kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.296965.0156s
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Pool Vaporization Rate 0.1725730.208613kg/s


Total Vapor Flowrate 0.437070.498642kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.308156.0869s


Pool Vaporization Rate 0.1999140.241001kg/s


Total Vapor Flowrate 0.4644120.531031kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.591998.3475s


Pool Vaporization Rate 0.2321460.279255kg/s


Total Vapor Flowrate 0.4966430.569284kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 119.217121.43s


Pool Vaporization Rate 0.2740690.329182kg/s


Total Vapor Flowrate 0.5385670.619212kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2990.162990.16s


Pool Vaporization Rate 0.1115250.13447kg/s


Total Vapor Flowrate 0.2740690.329182kg/s


Maximum Pool Radius 7.489987.31829m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.98459 2.545383.73385s


LFL Frac  (238348) 18.75 4.88322 4.091895.18452s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.872862 0.9191510.766272s


LFL Frac  (238348) 18.75 0.669156 0.8230580.506706s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 3.776922.95027s


LFL Frac  (238348) 18.75 5.113924.84994s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.7508290.870025s


LFL Frac  (238348) 18.75 0.4924440.641048s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 4.88322 4.091895.18452ppm


Furthest Extent 476697 2.98459 2.545383.73385ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.669156 0.8230580.506706ppm


Furthest Extent 476697 0.872862 0.9191510.766272ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 5.113924.84994ppm


Furthest Extent 476697 3.776922.95027ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.4924440.641048ppm


Furthest Extent 476697 0.7508290.870025ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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150D-107 EJECTOR RECEIVER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 1.2 bar


Temperature 40 degC


Volume Inventory 1.2 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1095.2055 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3098.1931 m


North(1) -1109.7846 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 162.19


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.26


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 162.19


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.26


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 162.19


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.26


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 162.19


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 134.26


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,095.21 kg


- Pressure 2.21 bar


- Temperature  40.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 162.19


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 134.26


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 6.56766 6.567666.56766s


LFL Frac  (238348) 18.75 9.61103 12.17789.13751s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (476697) 18.75 1 11s


LFL Frac  (238348) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 6.568566.56797s


LFL Frac  (238348) 18.75 9.145169.68854s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (476697) 18.75 11s


LFL Frac  (238348) 18.75 11s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 9.61103 12.17789.13751ppm


Furthest Extent 476697 6.56766 6.567666.56766ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 1 11ppm


Furthest Extent 476697 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 9.145169.68854ppm


Furthest Extent 476697 6.568566.56797ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 11ppm


Furthest Extent 476697 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-150 HYDROCRACKER\15OD-107 EJECTOR RECEIVER\150D-107 EJECTOR RECEIVER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-140 DIESEL HYDROTREATER


140C-002 HP AMINE ABSORBER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 48.9 bar


Temperature 70 degC


Volume Inventory 5.1 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4510.0532 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2835.5522 m


North(1) -976.81921 m


2 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


4.89316E+000


921.71


117.34


1.01


69.49


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


4.89316E+000


921.71


117.34


1.01


69.49


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


4.89316E+000


921.71


117.34


1.01


69.49


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


4.89316E+000


921.71


117.34


1.01


69.49


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.89316E+000


921.71


1.01


69.49 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


117.34


0.60


0.03


fraction


degC


m/s


m/s


m


um 204.76


 0.93


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Release Segment 1


Release Duration 921.707 921.707921.707s


Liquid Rainout 0.0645629 0.07345150.283891fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 293.266 292.41301.023s


Pool Vaporization Rate 0.0253522 0.02711510.074395kg/s


Total Vapor Flowrate 4.60259 4.560863.57843kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 126.984 125.792127.467s


Pool Vaporization Rate 0.0588833 0.06345470.175032kg/s


Total Vapor Flowrate 4.63612 4.59723.67906kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 100.731 99.36101.661s


Pool Vaporization Rate 0.0737834 0.07964310.220207kg/s


Total Vapor Flowrate 4.65102 4.613393.72424kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 87.875 86.368188.615s


Pool Vaporization Rate 0.0849871 0.09180720.254579kg/s


Total Vapor Flowrate 4.66223 4.625553.75861kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 151.525 150.945152.685s


Pool Vaporization Rate 0.0979666 0.1060320.294768kg/s


Total Vapor Flowrate 4.67521 4.639783.7988kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 191.951 188.216190.166s


Pool Vaporization Rate 0.114708 0.1244030.346423kg/s


Total Vapor Flowrate 4.69195 4.658153.85045kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2647.67 2656.912638.38s


Pool Vaporization Rate 0.0420224 0.04773720.150688kg/s


Total Vapor Flowrate 0.114708 0.1244030.346423kg/s


Maximum Pool Radius 3.90289 4.189648.5423m


F 1,5 m/s


Release Segment 1


Release Duration 921.707s


Liquid Rainout 0.293556fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 307.126s


Pool Vaporization Rate 0.0695344kg/s


Total Vapor Flowrate 3.52627kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 128.64s


Pool Vaporization Rate 0.166167kg/s


Total Vapor Flowrate 3.62291kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 102.474s
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Pool Vaporization Rate 0.210023kg/s


Total Vapor Flowrate 3.66676kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 88.0106s


Pool Vaporization Rate 0.243344kg/s


Total Vapor Flowrate 3.70008kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 152.159s


Pool Vaporization Rate 0.282287kg/s


Total Vapor Flowrate 3.73903kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 189.422s


Pool Vaporization Rate 0.332654kg/s


Total Vapor Flowrate 3.78939kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2632.17s


Pool Vaporization Rate 0.151476kg/s


Total Vapor Flowrate 0.332654kg/s


Maximum Pool Radius 8.75585m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.6032 2.595552.61114s


LFL Frac  (238348) 18.75 6.00708 5.799636.24555s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 5.99737 5.997515.99724s


LFL Frac  (238348) 18.75 5.98125 5.984855.97654s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.606582.59156s


LFL Frac  (238348) 18.75 6.225.95656s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 5.997245.99739s


LFL Frac  (238348) 18.75 5.976535.98145s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 40.581 37.148Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached40.581kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


11 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Early Pool Fire Status Hazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/s


Radiation Level 35 Not ReachedkW/m2


Radiation Level 4 Not ReachedkW/m2


Radiation Level 12.5 Not ReachedkW/m2


Radiation Level 37.5 Not ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


D 5 m/s E 5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Late Pool Fire Status Hazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/s


Radiation Level 35 Not ReachedkW/m2


Radiation Level 4 Not ReachedkW/m2


Radiation Level 12.5 Not ReachedkW/m2


Radiation Level 37.5 Not ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 6.00708 5.799636.24555ppm


Furthest Extent 476697 2.6032 2.595552.61114ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 5.98125 5.984855.97654ppm


Furthest Extent 476697 5.99737 5.997515.99724ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 6.225.95656ppm


Furthest Extent 476697 2.606582.59156ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 5.976535.98145ppm


Furthest Extent 476697 5.997245.99739ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140C-002 HP AMINE ABSORBER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 48.9 bar


Temperature 70 degC


Volume Inventory 5.1 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4510.0532 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2835.5522 m


North(1) -976.81921 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


7.51676E+000


600.00


117.34


1.01


69.49


0.60


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


7.51676E+000


600.00


117.34


1.01


69.49


0.60


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


7.51676E+000


600.00


117.34


1.01


69.49


0.60


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


7.51676E+000


600.00


117.34


1.01


69.49


0.60


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.76


 0.93


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.51676E+000


600.00


1.01


69.49 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 117.34


117.34


0.60


0.17


fraction


degC


m/s


m/s


m


um 204.76


 0.93


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.12033 0.1290690.326026fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 201.64 203.776200.931s


Pool Vaporization Rate 0.0420898 0.04321770.0822944kg/s


Total Vapor Flowrate 6.65436 6.589795.14839kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 83.1256 84.37582.15s


Pool Vaporization Rate 0.102129 0.1054090.202132kg/s


Total Vapor Flowrate 6.7144 6.651985.26823kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.86 66.2364.7419s


Pool Vaporization Rate 0.129547 0.1338340.257597kg/s


Total Vapor Flowrate 6.74182 6.680415.3237kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.405 56.69555.1831s


Pool Vaporization Rate 0.150493 0.1553840.299791kg/s


Total Vapor Flowrate 6.76276 6.701965.36589kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 98.095 98.55595.4s


Pool Vaporization Rate 0.175022 0.1808250.349352kg/s


Total Vapor Flowrate 6.78729 6.72745.41545kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 119.624 121.385117.625s


Pool Vaporization Rate 0.206493 0.213840.414313kg/s


Total Vapor Flowrate 6.81876 6.760415.48041kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2975.25 2968.982983.97s


Pool Vaporization Rate 0.0811471 0.08596320.179769kg/s


Total Vapor Flowrate 0.206493 0.213840.414313kg/s


Maximum Pool Radius 5.61042 5.831079.41403m


F 1,5 m/s


Release Segment 1


Release Duration 600s


Liquid Rainout 0.335336fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 203.776s


Pool Vaporization Rate 0.0753166kg/s


Total Vapor Flowrate 5.07144kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 81.8344s


Pool Vaporization Rate 0.187693kg/s


Total Vapor Flowrate 5.18381kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.08s
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Pool Vaporization Rate 0.240081kg/s


Total Vapor Flowrate 5.2362kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 55.3256s


Pool Vaporization Rate 0.280319kg/s


Total Vapor Flowrate 5.27644kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 94.5069s


Pool Vaporization Rate 0.327817kg/s


Total Vapor Flowrate 5.32394kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 116.508s


Pool Vaporization Rate 0.39018kg/s


Total Vapor Flowrate 5.3863kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2983.97s


Pool Vaporization Rate 0.179405kg/s


Total Vapor Flowrate 0.39018kg/s


Maximum Pool Radius 9.60153m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 3.20187 3.182233.22268s


LFL Frac  (238348) 18.75 7.3855 7.098117.69558s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 5.99605 5.996275.99582s


LFL Frac  (238348) 18.75 5.9715 5.977155.96448s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 3.215823.18673s


LFL Frac  (238348) 18.75 7.665567.32842s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 5.995825.99607s


LFL Frac  (238348) 18.75 5.964425.97168s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 49.5674 45.4849Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached49.5674kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Early Pool Fire Status Hazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/s


Radiation Level 35 Not ReachedkW/m2


Radiation Level 4 Not ReachedkW/m2


Radiation Level 12.5 Not ReachedkW/m2


Radiation Level 37.5 Not ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Late Pool Fire Status Hazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/s


Radiation Level 35 Not ReachedkW/m2


Radiation Level 4 Not ReachedkW/m2


Radiation Level 12.5 Not ReachedkW/m2


Radiation Level 37.5 Not ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 7.3855 7.098117.69558ppm


Furthest Extent 476697 3.20187 3.182233.22268ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 5.9715 5.977155.96448ppm


Furthest Extent 476697 5.99605 5.996275.99582ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 7.665567.32842ppm


Furthest Extent 476697 3.215823.18673ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 5.964425.97168ppm


Furthest Extent 476697 5.995825.99607ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140C-002 HP AMINE ABSORBER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 48.9 bar


Temperature 70 degC


Volume Inventory 5.1 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4510.0532 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2835.5522 m


North(1) -976.81921 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4,510.05 kg


- Pressure 49.91 bar


- Temperature  70.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 9.50835 9.508359.50835s


LFL Frac  (238348) 18.75 13.2315 13.28513.2285s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 6 66s


LFL       (476697) 18.75 6 66s


LFL Frac  (238348) 18.75 6 66s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 9.59.51027s


LFL Frac  (238348) 18.75 13.217713.2396s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 66s


LFL       (476697) 18.75 66s


LFL Frac  (238348) 18.75 66s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 13.2315 13.28513.2285ppm


Furthest Extent 476697 9.50835 9.508359.50835ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 6 66ppm


Furthest Extent 476697 6 66ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 13.217713.2396ppm


Furthest Extent 476697 9.59.51027ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 66ppm


Furthest Extent 476697 66ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140C-002 HP AMINE ABSORBER\140C-002 HP AMINE ABSORBER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-004 COLD HP SEPARATOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_H2S


Material to Track DIESEL_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 50.1 bar


Temperature 55 degC


Volume Inventory 115.8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83083.515 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2855.0094 m


North(1) -940.2083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


4.32751E+000


3,600.00


127.83


1.01


53.87


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


4.32751E+000


3,600.00


127.83


1.01


53.87


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


4.32751E+000


3,600.00


127.83


1.01


53.87


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


4.32751E+000


3,600.00


127.83


1.01


53.87


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.32751E+000


3,600.00


1.01


53.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


41 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


127.83


0.60


0.01


fraction


degC


m/s


m/s


m


um 183.92


 0.96


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 4.63967 4.34684.97041s


LFL       (7886.34) 18.75 29.7322 24.097734.2163s


LFL Frac  (3943.17) 18.75 65.5959 53.432381.2161s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 0.989423 0.9914820.986797s


LFL       (7886.34) 18.75 0.566881 0.7863820.134854s


LFL Frac  (3943.17) 18.75 0 0.4692030s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 4.973754.61918s


LFL       (7886.34) 18.75 38.558131.4311s


LFL Frac  (3943.17) 18.75 102.39365.8657s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 0.9865660.989316s


LFL       (7886.34) 18.75 00.419082s


LFL Frac  (3943.17) 18.75 00s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 24.822 23.191430.0005kW/m2


Radiation Level 4 43.2649 41.461647.5046kW/m2


Radiation Level 12.5 31.3577 29.665936.2366kW/m2


Radiation Level 37.5 24.4792 22.851729.6716kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 30.000524.822kW/m2


Radiation Level 4 47.504643.2649kW/m2


Radiation Level 12.5 36.236631.3577kW/m2


Radiation Level 37.5 29.671624.4792kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 9.9519 12.3736Not ReachedkW/m2


Radiation Level 4 27.1754 26.769629.0807kW/m2


Radiation Level 12.5 15.9607 17.873814.4202kW/m2


Radiation Level 37.5 9.5236 12.0264Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached9.9519kW/m2


Radiation Level 4 29.080727.1754kW/m2


Radiation Level 12.5 14.420215.9607kW/m2


Radiation Level 37.5 Not Reached9.5236kW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 65.5959 53.432381.2161ppm


Furthest Extent 7886.34 29.7322 24.097734.2163ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 0 0.4692030ppm


Furthest Extent 7886.34 0.566881 0.7863820.134854ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 102.39365.8657ppm


Furthest Extent 7886.34 38.558131.4311ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 00ppm


Furthest Extent 7886.34 00.419082ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-004 COLD HP SEPARATOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_H2S


Material to Track DIESEL_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 50.1 bar


Temperature 55 degC


Volume Inventory 115.8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83083.515 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2855.0094 m


North(1) -940.2083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


1.38473E+002


600.00


127.83


1.01


53.87


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


1.38473E+002


600.00


127.83


1.01


53.87


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


1.38473E+002


600.00


127.83


1.01


53.87


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


1.38473E+002


600.00


127.83


1.01


53.87


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 183.92


 0.96


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.38473E+002


600.00


1.01


53.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 46.53


 127.83


127.83


0.60


0.05


fraction


degC


m/s


m/s


m


um 183.92


 0.96


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.0477757 0.02856990.0649502fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 165.766 163.84172.266s


Pool Vaporization Rate 1.14025 0.7839751.26529kg/s


Total Vapor Flowrate 132.997 135.3130.744kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 77.5944 77.185678.165s


Pool Vaporization Rate 2.44429 1.655492.7967kg/s


Total Vapor Flowrate 134.301 136.172132.275kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 63.7656 64.3563.745s


Pool Vaporization Rate 2.96215 2.001583.42473kg/s


Total Vapor Flowrate 134.819 136.518132.903kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 109.034 110.784108.127s


Pool Vaporization Rate 3.45991 2.34494.04181kg/s


Total Vapor Flowrate 135.317 136.861133.521kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 183.84 183.84177.697s


Pool Vaporization Rate 4.0929 2.746224.84145kg/s


Total Vapor Flowrate 135.95 137.263134.32kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 3000 30003000s


Pool Vaporization Rate 0.745877 0.4064271.08828kg/s


Total Vapor Flowrate 0.745877 0.4064271.08828kg/s


Maximum Pool Radius 13.6351 10.011616.8058m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.0912230.0588775fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 178.891167.702s


Pool Vaporization Rate 1.601151.3458kg/s


Total Vapor Flowrate 127.442131.665kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 79.51577.22s


Pool Vaporization Rate 3.595132.90186kg/s


Total Vapor Flowrate 129.436133.221kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 64.69563.9581s


Pool Vaporization Rate 4.427613.52384kg/s


Total Vapor Flowrate 130.268133.843kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 109.539109.322s
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Pool Vaporization Rate 5.258864.12859kg/s


Total Vapor Flowrate 131.099134.448kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 177.2181.798s


Pool Vaporization Rate 6.346714.89684kg/s


Total Vapor Flowrate 132.187135.216kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 2990.163000s


Pool Vaporization Rate 1.568120.941327kg/s


Total Vapor Flowrate 6.346710.941327kg/s


Maximum Pool Radius 20.447415.343m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 31.6091 30.789332.3041s


LFL       (7886.34) 18.75 280.023 230.961230.868s


LFL Frac  (3943.17) 18.75 413.855 327.719467.379s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 0.832238 0.8523280.81215s


LFL       (7886.34) 18.75 0 00s


LFL Frac  (3943.17) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 33.054931.7737s


LFL       (7886.34) 18.75 241.544281.285s


LFL Frac  (3943.17) 18.75 526.238409.104s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 0.7779590.821641s


LFL       (7886.34) 18.75 00s


LFL Frac  (3943.17) 18.75 00s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 107.244 100.101136.962kW/m2


Radiation Level 4 182.606 174.763219.747kW/m2


Radiation Level 12.5 134.07 126.677166.398kW/m2


Radiation Level 37.5 105.837 98.7075135.418kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 136.962107.244kW/m2


Radiation Level 4 219.747182.606kW/m2


Radiation Level 12.5 166.398134.07kW/m2


Radiation Level 37.5 135.418105.837kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 36.0219 45.26342.80104kW/m2


Radiation Level 4 108.21 111.394118.59kW/m2


Radiation Level 12.5 64.9613 69.340757.4891kW/m2


Radiation Level 37.5 33.6949 44.1456Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 2.8010436.0219kW/m2


Radiation Level 4 118.59108.21kW/m2


Radiation Level 12.5 57.489164.9613kW/m2


Radiation Level 37.5 Not Reached33.6949kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 78.4978 80.39771.6096kW/m2


Radiation Level 4 107.546 101.149109.893kW/m2


Radiation Level 12.5 89.7115 88.613987.2995kW/m2


Radiation Level 37.5 77.594 79.705770.5806kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 70.562677.996kW/m2


Radiation Level 4 114.952109.878kW/m2


Radiation Level 12.5 88.549990.2168kW/m2


Radiation Level 37.5 69.401877.0745kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 115.549 108.854111.076kW/m2


Radiation Level 4 192.925 162.617214.835kW/m2


Radiation Level 12.5 144.176 129.272151.169kW/m2


Radiation Level 37.5 113.856 107.781108.652kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 118.579119.368kW/m2


Radiation Level 4 242.028205.606kW/m2


Radiation Level 12.5 165.949151.196kW/m2


Radiation Level 37.5 115.746117.514kW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 413.855 327.719467.379ppm


Furthest Extent 7886.34 280.023 230.961230.868ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 0 00ppm


Furthest Extent 7886.34 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 526.238409.104ppm


Furthest Extent 7886.34 241.544281.285ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 00ppm


Furthest Extent 7886.34 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-004 COLD HP SEPARATOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier DIESEL_H2S


Material to Track DIESEL_H2S


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 50.1 bar


Temperature 55 degC


Volume Inventory 115.8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83083.515 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2855.0094 m


North(1) -940.2083 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 46.53


 0.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 10,000.00


 0.94


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,083.52 kg


- Pressure 51.11 bar


- Temperature  55.00 degC


Material DIESEL_H2S


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 46.53


 0.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 10,000.00


 0.94


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.880997 0.8801770.881001fraction


Initial Vapor Cloud 9887.21 9955.319886.85kg


Time Pool Left Behind 75.5507 28.1763584.042s


Cloud Segment 1


Cloud Segment Duration 53.6556 51.480659.29s


Pool Vaporization Rate 124.117 136.486101.16kg/s


Cloud Segment 2


Cloud Segment Duration 88.55 85.99594.47s


Pool Vaporization Rate 150.635 162.87127.095kg/s


Cloud Segment 3


Cloud Segment Duration 59.4344 57.82562.33s


Pool Vaporization Rate 111.953 121.03395.6464kg/s


Cloud Segment 4


Cloud Segment Duration 82.2825 80.259484.0656s


Pool Vaporization Rate 80.8993 86.964171.2083kg/s


Cloud Segment 5


Cloud Segment Duration 110.1 108.6109.907s


Pool Vaporization Rate 60.4881 64.604654.6226kg/s


Cloud Segment 6


Cloud Segment Duration 147.703 147.142142.188s


Pool Vaporization Rate 45.0833 47.484542.0844kg/s


Cloud Segment 7


Cloud Segment Duration 204.93 211.26187.59s


Pool Vaporization Rate 32.4195 33.138531.8795kg/s


Cloud Segment 8


Cloud Segment Duration 291.795 328.363244.551s


Pool Vaporization Rate 21.7713 20.700923.3972kg/s


Cloud Segment 9


Cloud Segment Duration 2561.55 2529.072615.61s


Pool Vaporization Rate 5.04658 3.986966.69788kg/s


Maximum Pool Radius 66.9693 66.126768.5834m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.8810260.881011fraction


Initial Vapor Cloud 9884.819886.06kg


Time Pool Left Behind 1022.5396.4272s


Cloud Segment 1


Cloud Segment Duration 63.600655.5025s


Pool Vaporization Rate 89.2756118.938kg/s


Cloud Segment 2


Cloud Segment Duration 100.23990.9075s


Pool Vaporization Rate 113.751144.872kg/s


Cloud Segment 3


Cloud Segment Duration 66.440661.6706s


Pool Vaporization Rate 85.9559107.173kg/s
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Cloud Segment 4


Cloud Segment Duration 86.559484.3294s


Pool Vaporization Rate 65.654978.1674kg/s


Cloud Segment 5


Cloud Segment Duration 110.616111.6s


Pool Vaporization Rate 51.578958.9362kg/s


Cloud Segment 6


Cloud Segment Duration 140.175148.24s


Pool Vaporization Rate 40.707244.3138kg/s


Cloud Segment 7


Cloud Segment Duration 179.025204s


Pool Vaporization Rate 31.745632.2128kg/s


Cloud Segment 8


Cloud Segment Duration 223.667282.201s


Pool Vaporization Rate 24.238522.038kg/s


Cloud Segment 9


Cloud Segment Duration 2629.682561.55s


Pool Vaporization Rate 7.440625.29077kg/s


Maximum Pool Radius 69.542267.3386m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 117.487 98.5756223.123s


LFL       (7886.34) 18.75 293.926 276.117488.225s


LFL Frac  (3943.17) 18.75 402.852 388.612610.104s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (60495.3) 18.75 0 00s


LFL       (7886.34) 18.75 0 00s


LFL Frac  (3943.17) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 223.037114.122s


LFL       (7886.34) 18.75 472.642265.098s


LFL Frac  (3943.17) 18.75 578.776388.926s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (60495.3) 18.75 00s


LFL       (7886.34) 18.75 00s


LFL Frac  (3943.17) 18.75 00s


69 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 246.482 251.452222.439kW/m2


Radiation Level 4 576.979 562.013581.763kW/m2


Radiation Level 12.5 366.191 366.33356.34kW/m2


Radiation Level 37.5 240.085 245.307214.846kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 225.426247.855kW/m2


Radiation Level 4 589.152579.99kW/m2


Radiation Level 12.5 360.934368.152kW/m2


Radiation Level 37.5 217.745241.427kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


70 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Fireball Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 142.276 142.276142.276kW/m2


Radiation Level 4 533.36 533.36533.36kW/m2


Radiation Level 12.5 292.654 292.654292.654kW/m2


Radiation Level 37.5 133.075 133.075133.075kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 142.276142.276kW/m2


Radiation Level 4 533.36533.36kW/m2


Radiation Level 12.5 292.654292.654kW/m2


Radiation Level 37.5 133.075133.075kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 402.852 388.612610.104ppm


Furthest Extent 7886.34 293.926 276.117488.225ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 3943.17 0 00ppm


Furthest Extent 7886.34 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 578.776388.926ppm


Furthest Extent 7886.34 472.642265.098ppm


F 1,5 m/sE 5 m/s


Furthest Extent 3943.17 00ppm


Furthest Extent 7886.34 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-004 COLD HP SEPARATOR\140D-004 COLD HP SEPARATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-101 STRIPPER REFLUX DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 42 degC


Volume Inventory 8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5876.473 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2823.6905 m


North(1) -943.07476 m


74 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


1.77428E+000


3,312.03


51.24


1.01


41.76


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


1.77428E+000


3,312.03


51.24


1.01


41.76


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


1.77428E+000


3,312.03


51.24


1.01


41.76


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


1.77428E+000


3,312.03


51.24


1.01


41.76


0.60


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.77428E+000


3,312.03


1.01


41.76 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


51.24


0.60


0.00


fraction


degC


m/s


m/s


m


um 79.80


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


F 1,5 m/s


Release Segment 1


Release Duration 3312.03s


Liquid Rainout 0.0026282fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 864.36s


Pool Vaporization Rate 0.00122421kg/s


Total Vapor Flowrate 1.77084kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 424.45s


Pool Vaporization Rate 0.00250399kg/s


Total Vapor Flowrate 1.77212kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 351.44s


Pool Vaporization Rate 0.00301017kg/s


Total Vapor Flowrate 1.77263kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 894.872s


Pool Vaporization Rate 0.00356976kg/s


Total Vapor Flowrate 1.77319kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1064.88s


Pool Vaporization Rate 0.00399407kg/s


Total Vapor Flowrate 1.77361kg/s


Maximum Pool Radius 0.702037m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 4.44605 3.96685.13505s


LFL       (11247.5) 18.75 20.4611 12.59532.9948s


LFL Frac  (5623.75) 18.75 39.084 27.234470.1059s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.947883 0.9647110.915883s


LFL       (11247.5) 18.75 0.327241 0.7513510s


LFL Frac  (5623.75) 18.75 0 0.544680s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 5.151064.41066s


LFL       (11247.5) 18.75 41.321822.3658s


LFL Frac  (5623.75) 18.75 71.954938.4928s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.9119330.946218s


LFL       (11247.5) 18.75 00.0825819s


LFL Frac  (5623.75) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 20.7604 19.456625.5306kW/m2


Radiation Level 4 34.5363 33.100438.8415kW/m2


Radiation Level 12.5 25.7214 24.344930.3967kW/m2


Radiation Level 37.5 20.4911 19.195225.2596kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 25.530620.7604kW/m2


Radiation Level 4 38.841534.5363kW/m2


Radiation Level 12.5 30.396725.7214kW/m2


Radiation Level 37.5 25.259620.4911kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 11.19 12.4119Not ReachedkW/m2


Radiation Level 4 28.117 25.288626.7081kW/m2


Radiation Level 12.5 17.7061 17.171714.669kW/m2


Radiation Level 37.5 10.9174 12.1417Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached11.19kW/m2


Radiation Level 4 26.708128.117kW/m2


Radiation Level 12.5 14.66917.7061kW/m2


Radiation Level 37.5 Not Reached10.9174kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


F 1,5 m/s


Early Pool Fire Status Hazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Distance (m)


F 1,5 m/s


Radiation Level 35 15.6079kW/m2


Radiation Level 4 16.4869kW/m2


Radiation Level 12.5 15.7708kW/m2


Radiation Level 37.5 15.6079kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


F 1,5 m/s


Late Pool Fire Status Hazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Distance (m)


F 1,5 m/s


Radiation Level 35 16.8473kW/m2


Radiation Level 4 23.6258kW/m2


Radiation Level 12.5 20.1054kW/m2


Radiation Level 37.5 16.6814kW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


Radiation Level (kW/m2)


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 39.084 27.234470.1059ppm


Furthest Extent 11247.5 20.4611 12.59532.9948ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 0.544680ppm


Furthest Extent 11247.5 0.327241 0.7513510ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 71.954938.4928ppm


Furthest Extent 11247.5 41.321822.3658ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00.0825819ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-101 STRIPPER REFLUX DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 42 degC


Volume Inventory 8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5876.473 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2823.6905 m


North(1) -943.07476 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


9.79412E+000


600.00


51.24


1.01


41.76


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


9.79412E+000


600.00


51.24


1.01


41.76


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


9.79412E+000


600.00


51.24


1.01


41.76


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


9.79412E+000


600.00


51.24


1.01


41.76


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.80


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


9.79412E+000


600.00


1.01


41.76 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 41.76


 51.24


51.24


0.60


0.02


fraction


degC


m/s


m/s


m


um 79.80


 1.00


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.0888725 0.1514250.252605fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 190.44 193.21190.44s


Pool Vaporization Rate 0.0564478 0.08857860.114253kg/s


Total Vapor Flowrate 8.98014 8.399637.43433kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 82.6356 83.180680.9856s


Pool Vaporization Rate 0.130258 0.2048360.267509kg/s


Total Vapor Flowrate 9.05395 8.515887.58759kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.4844 65.859464.38s


Pool Vaporization Rate 0.165122 0.2597580.341028kg/s


Total Vapor Flowrate 9.08882 8.570817.66111kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.4556 56.750655.245s


Pool Vaporization Rate 0.191867 0.3019790.398134kg/s


Total Vapor Flowrate 9.11556 8.613037.71821kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 96.715 97.17594.05s


Pool Vaporization Rate 0.223243 0.3516010.465515kg/s


Total Vapor Flowrate 9.14694 8.662657.78559kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 119.345 121.097114.899s


Pool Vaporization Rate 0.264028 0.4162680.553973kg/s


Total Vapor Flowrate 9.18772 8.727327.87405kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2988.92 2982.733000s


Pool Vaporization Rate 0.108326 0.1814510.272537kg/s


Total Vapor Flowrate 0.264028 0.4162680.272537kg/s


Maximum Pool Radius 5.95117 7.838510.319m


F 1,5 m/s


Release Segment 1


Release Duration 600s


Liquid Rainout 0.328972fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 195.301s


Pool Vaporization Rate 0.128108kg/s


Total Vapor Flowrate 6.70024kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 82.755s


Pool Vaporization Rate 0.301281kg/s


Total Vapor Flowrate 6.87341kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 65.12s
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Pool Vaporization Rate 0.384703kg/s


Total Vapor Flowrate 6.95683kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 55.825s


Pool Vaporization Rate 0.449494kg/s


Total Vapor Flowrate 7.02162kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 94.95s


Pool Vaporization Rate 0.526346kg/s


Total Vapor Flowrate 7.09848kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 117.125s


Pool Vaporization Rate 0.628118kg/s


Total Vapor Flowrate 7.20025kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2988.92s


Pool Vaporization Rate 0.336194kg/s


Total Vapor Flowrate 0.628118kg/s


Maximum Pool Radius 11.9105m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 9.84401 8.2056212.1728s


LFL       (11247.5) 18.75 66.4157 54.256374.2521s


LFL Frac  (5623.75) 18.75 95.5755 82.1729154.967s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0.757239 0.8508730.610655s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 12.34769.86627s


LFL       (11247.5) 18.75 96.462263.813s


LFL Frac  (5623.75) 18.75 148.55689.858s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 0.5916110.745936s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 44.6234 41.905854.475kW/m2


Radiation Level 4 75.3167 72.339684.0715kW/m2


Radiation Level 12.5 55.6124 52.752365.1974kW/m2


Radiation Level 37.5 44.039 41.335553.8885kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 54.47544.6234kW/m2


Radiation Level 4 84.071575.3167kW/m2


Radiation Level 12.5 65.197455.6124kW/m2


Radiation Level 37.5 53.888544.039kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 22.1564 23.314510.1123kW/m2


Radiation Level 4 56.0535 51.515860.1458kW/m2


Radiation Level 12.5 34.3359 34.072434.1264kW/m2


Radiation Level 37.5 21.5668 22.62757.55484kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 10.112322.1564kW/m2


Radiation Level 4 60.145856.0535kW/m2


Radiation Level 12.5 34.126434.3359kW/m2


Radiation Level 37.5 7.5548421.5668kW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Early Pool Fire Status Hazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 32.877 30.627228.3733kW/m2


Radiation Level 4 46.3855 47.181947.7761kW/m2


Radiation Level 12.5 40.0642 39.601337.0831kW/m2


Radiation Level 37.5 32.3529 30.046427.9866kW/m2


F 1,5 m/s


Radiation Level 35 25.9243kW/m2


Radiation Level 4 47.0018kW/m2


Radiation Level 12.5 35.244kW/m2


Radiation Level 37.5 25.5323kW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


D 5 m/s E 5 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/s


Late Pool Fire Status Hazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Distance (m)


D 5 m/s E 5 m/sD 1,5 m/s


Radiation Level 35 34.2912 33.3525Not ReachedkW/m2


Radiation Level 4 65.033 67.221864.1433kW/m2


Radiation Level 12.5 50.4469 46.472839.5071kW/m2


Radiation Level 37.5 34.2912 33.3525Not ReachedkW/m2


F 1,5 m/s


Radiation Level 35 Not ReachedkW/m2


Radiation Level 4 63.6295kW/m2


Radiation Level 12.5 37.0995kW/m2


Radiation Level 37.5 Not ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s E 5 m/sD 1,5 m/s


F 1,5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 95.5755 82.1729154.967ppm


Furthest Extent 11247.5 66.4157 54.256374.2521ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 148.55689.858ppm


Furthest Extent 11247.5 96.462263.813ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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140D-101 STRIPPER REFLUX DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 8.6 bar


Temperature 42 degC


Volume Inventory 8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 5876.473 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2823.6905 m


North(1) -943.07476 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 16.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 314.40


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 16.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 314.40


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 16.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 314.40


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 41.76


 16.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 314.40


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 5,876.47 kg


- Pressure 9.61 bar


- Temperature  42.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 41.76


 16.86


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 314.40


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.843521 0.8415780.843714fraction


Initial Vapor Cloud 919.547 930.96918.413kg


Time Pool Left Behind 25.88 13.2823130.137s


Cloud Segment 1


Cloud Segment Duration 47.61 47.265647.9556s


Pool Vaporization Rate 2.23141 2.523371.69176kg/s


Cloud Segment 2


Cloud Segment Duration 3552.39 3552.733552.04s


Pool Vaporization Rate 1.07455 1.142160.943114kg/s


Maximum Pool Radius 20.0668 20.011120.1289m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.8437210.843737fraction


Initial Vapor Cloud 918.372918.274kg


Time Pool Left Behind 258.23432.1773s


Cloud Segment 1


Cloud Segment Duration 47.955647.61s


Pool Vaporization Rate 1.422792.09731kg/s


Cloud Segment 2


Cloud Segment Duration 3552.043552.39s


Pool Vaporization Rate 0.8884591.05731kg/s


Maximum Pool Radius 20.158720.0847m


105 108 of Date: 9/26/2012 Time:  4:00:35PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 23.9147 28.582319.8898s


LFL       (11247.5) 18.75 85.1543 96.552796.5862s


LFL Frac  (5623.75) 18.75 124.403 153.574127.807s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 0 00s


LFL       (11247.5) 18.75 0 00s


LFL Frac  (5623.75) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 20.093824.4376s


LFL       (11247.5) 18.75 89.606377.5935s


LFL Frac  (5623.75) 18.75 117.699112.45s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 00s


LFL       (11247.5) 18.75 00s


LFL Frac  (5623.75) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 77.5989 87.087158.7621kW/m2


Radiation Level 12.5 30.3551 35.52323.7611kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 59.020778.1686kW/m2


Radiation Level 12.5 23.992130.8969kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 124.403 153.574127.807ppm


Furthest Extent 11247.5 85.1543 96.552796.5862ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 0 00ppm


Furthest Extent 11247.5 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 117.699112.45ppm


Furthest Extent 11247.5 89.606377.5935ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 00ppm


Furthest Extent 11247.5 00ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-140 DIESEL HYDROTREATER\140D-101 STRIPPER REFLUX DRUM\140D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-120 NAPHTHA HYDROTREATER


120C-001 FIRST HDT REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 49.1 bar


Temperature 207 degC


Volume Inventory 37.7 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


1 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17916.455 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2491.1273 m


North(1) -915.28699 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


3.25430E+000


3,600.00


143.04


1.01


200.84


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


3.25430E+000


3,600.00


143.04


1.01


200.84


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


3.25430E+000


3,600.00


143.04


1.01


200.84


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


3.25430E+000


3,600.00


143.04


1.01


200.84


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.25430E+000


3,600.00


1.01


200.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


5 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


143.04


0.60


0.03


fraction


degC


m/s


m/s


m


um 55.99


 0.22


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 2.55423 2.555582.55395s


LFL       (11247.5) 18.75 14.0112 13.09515.1489s


LFL Frac  (5623.75) 18.75 23.5214 21.245827.4783s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 10.5996 10.599610.5996s


LFL       (11247.5) 18.75 10.5656 10.578610.5416s


LFL Frac  (5623.75) 18.75 10.472 10.535210.2791s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 2.55412.5484s


LFL       (11247.5) 18.75 14.95113.7888s


LFL Frac  (5623.75) 18.75 26.834622.8841s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 10.599610.5996s


LFL       (11247.5) 18.75 10.543810.5669s


LFL Frac  (5623.75) 18.75 10.298210.4805s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 32.3971 31.566736.4752kW/m2


Radiation Level 12.5 21.1474 20.14125.1149kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 36.475232.3971kW/m2


Radiation Level 12.5 25.114921.1474kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


8 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 13.6892 16.8703Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached13.6892kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 23.5214 21.245827.4783ppm


Furthest Extent 11247.5 14.0112 13.09515.1489ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 10.472 10.535210.2791ppm


Furthest Extent 11247.5 10.5656 10.578610.5416ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 26.834622.8841ppm


Furthest Extent 11247.5 14.95113.7888ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 10.298210.4805ppm


Furthest Extent 11247.5 10.543810.5669ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-001 FIRST HDT REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 49.1 bar


Temperature 207 degC


Volume Inventory 37.7 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17916.455 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2491.1273 m


North(1) -915.28699 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


2.98608E+001


600.00


143.04


1.01


200.84


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


2.98608E+001


600.00


143.04


1.01


200.84


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


2.98608E+001


600.00


143.04


1.01


200.84


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


2.98608E+001


600.00


143.04


1.01


200.84


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 55.99


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.98608E+001


600.00


1.01


200.84 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 302.11


143.04


0.60


0.14


fraction


degC


m/s


m/s


m


um 55.99


 0.22


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 7.64514 7.57717.71011s


LFL       (11247.5) 18.75 38.927 35.279244.3471s


LFL Frac  (5623.75) 18.75 61.4303 53.933276.2085s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 10.5963 10.596510.596s


LFL       (11247.5) 18.75 10.325 10.438810.0717s


LFL Frac  (5623.75) 18.75 9.73892 10.17998.17421s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 7.704957.62137s


LFL       (11247.5) 18.75 43.974738.173s


LFL Frac  (5623.75) 18.75 78.324659.8377s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 10.59610.5963s


LFL       (11247.5) 18.75 10.08110.3375s


LFL Frac  (5623.75) 18.75 7.948849.79107s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 51.4198 47.726564.8372kW/m2


Radiation Level 4 91.1946 87.8743105.196kW/m2


Radiation Level 12.5 66.2297 62.788180.1524kW/m2


Radiation Level 37.5 50.5794 46.876263.9559kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 64.837251.4198kW/m2


Radiation Level 4 105.19691.1946kW/m2


Radiation Level 12.5 80.152466.2297kW/m2


Radiation Level 37.5 63.955950.5794kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 50.4007 52.199254.2432kW/m2


Radiation Level 12.5 Not Reached 27.2039Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 54.243250.4007kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 61.4303 53.933276.2085ppm


Furthest Extent 11247.5 38.927 35.279244.3471ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 9.73892 10.17998.17421ppm


Furthest Extent 11247.5 10.325 10.438810.0717ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 78.324659.8377ppm


Furthest Extent 11247.5 43.974738.173ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 7.948849.79107ppm


Furthest Extent 11247.5 10.08110.3375ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-001 FIRST HDT REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LIGHT NAPHTHA


Material to Track LIGHT NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 49.1 bar


Temperature 207 degC


Volume Inventory 37.7 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 17916.455 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 58 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2491.1273 m


North(1) -915.28699 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 265.72


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 39.12


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 265.72


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 39.12


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 265.72


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 39.12


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 76.19


 265.72


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 39.12


 0.22


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 17,916.47 kg


- Pressure 50.11 bar


- Temperature  207.00 degC


Material LIGHT NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 76.19


 265.72


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 39.12


 0.22


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 19.9162 22.340418.5477s


LFL       (11247.5) 18.75 75.6053 125.45241.5194s


LFL Frac  (5623.75) 18.75 161.807 275.34662.7582s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (73680.5) 18.75 10.6 10.610.6s


LFL       (11247.5) 18.75 10.6 10.610.6s


LFL Frac  (5623.75) 18.75 7.65098 8.827419.27988s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 18.645920.1579s


LFL       (11247.5) 18.75 44.713583.6101s


LFL Frac  (5623.75) 18.75 80.358186.298s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (73680.5) 18.75 10.610.6s


LFL       (11247.5) 18.75 10.610.6s


LFL Frac  (5623.75) 18.75 9.304657.64715s


Fireball Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 152.978 152.978152.978kW/m2


Radiation Level 4 574.995 574.995574.995kW/m2


Radiation Level 12.5 315.487 315.487315.487kW/m2


Radiation Level 37.5 143.011 143.011143.011kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 152.978152.978kW/m2


Radiation Level 4 574.995574.995kW/m2


Radiation Level 12.5 315.487315.487kW/m2


Radiation Level 37.5 143.011143.011kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 161.807 275.34662.7582ppm


Furthest Extent 11247.5 75.6053 125.45241.5194ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 5623.75 7.65098 8.827419.27988ppm


Furthest Extent 11247.5 10.6 10.610.6ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 80.358186.298ppm


Furthest Extent 11247.5 44.713583.6101ppm


F 1,5 m/sE 5 m/s


Furthest Extent 5623.75 9.304657.64715ppm


Furthest Extent 11247.5 10.610.6ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-001 FIRST HDT REACTOR\120C-001 FIRST HDT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-002 SECOND HDT REACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 42.4 bar


Temperature 340 degC


Volume Inventory 115 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 27439.137 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2483.7483 m


North(1) -912.09636 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


1.29092E+000


3,600.00


107.79


31.51


325.96


0.92


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


1.29092E+000


3,600.00


107.79


31.51


325.96


0.92


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


1.29092E+000


3,600.00


107.79


31.51


325.96


0.92


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


1.29092E+000


3,600.00


107.79


31.51


325.96


0.92


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.29092E+000


3,600.00


31.51


325.96 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


107.79


0.92


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1.32465 1.3291.321s


LFL       (8105.26) 18.75 9.39491 8.8344210.1984s


LFL Frac  (4052.63) 18.75 16.1158 14.623918.781s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 10.6 10.610.6s


LFL       (8105.26) 18.75 10.6314 10.61910.6573s


LFL Frac  (4052.63) 18.75 10.7222 10.659810.9269s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 1.321691.32177s


LFL       (8105.26) 18.75 10.07739.20758s


LFL Frac  (4052.63) 18.75 18.312615.665s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 10.610.6s


LFL       (8105.26) 18.75 10.655110.6295s


LFL Frac  (4052.63) 18.75 10.902810.7133s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 16.1158 14.623918.781ppm


Furthest Extent 8105.26 9.39491 8.8344210.1984ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 10.7222 10.659810.9269ppm


Furthest Extent 8105.26 10.6314 10.61910.6573ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 18.312615.665ppm


Furthest Extent 8105.26 10.07739.20758ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 10.902810.7133ppm


Furthest Extent 8105.26 10.655110.6295ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-002 SECOND HDT REACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 42.4 bar


Temperature 340 degC


Volume Inventory 115 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 27439.137 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2483.7483 m


North(1) -912.09636 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


4.57291E+001


600.00


107.79


31.51


325.96


0.92


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


4.57291E+001


600.00


107.79


31.51


325.96


0.92


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


4.57291E+001


600.00


107.79


31.51


325.96


0.92


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


4.57291E+001


600.00


107.79


31.51


325.96


0.92


0.12


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.57291E+001


600.00


31.51


325.96 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 272.56


 277.70


107.79


0.92


0.12


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 7.70646 7.606377.80061s


LFL       (8105.26) 18.75 47.3691 42.14256.0957s


LFL Frac  (4052.63) 18.75 73.9825 64.01394.3011s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 10.6012 10.601110.6014s


LFL       (8105.26) 18.75 11.333 10.991512.2533s


LFL Frac  (4052.63) 18.75 12.8926 11.633317.9692s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 7.793287.67784s


LFL       (8105.26) 18.75 56.200546.281s


LFL Frac  (4052.63) 18.75 96.513372.3467s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 10.601410.6012s


LFL       (8105.26) 18.75 12.250511.2894s


LFL Frac  (4052.63) 18.75 18.158712.7459s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 61.6354 73.958752.2751kW/m2


Radiation Level 4 112.631 104.79114.83kW/m2


Radiation Level 12.5 83.3006 86.050276.1783kW/m2


Radiation Level 37.5 60.5712 73.025650.1301kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 52.275161.6354kW/m2


Radiation Level 4 114.83112.631kW/m2


Radiation Level 12.5 76.178383.3006kW/m2


Radiation Level 37.5 50.130160.5712kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 78.3525 82.29957.5807kW/m2


Radiation Level 12.5 24.1339 44.3696Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 57.580778.3525kW/m2


Radiation Level 12.5 Not Reached24.1339kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 73.9825 64.01394.3011ppm


Furthest Extent 8105.26 47.3691 42.14256.0957ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 12.8926 11.633317.9692ppm


Furthest Extent 8105.26 11.333 10.991512.2533ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 96.513372.3467ppm


Furthest Extent 8105.26 56.200546.281ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 18.158712.7459ppm


Furthest Extent 8105.26 12.250511.2894ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-002 SECOND HDT REACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 42.4 bar


Temperature 340 degC


Volume Inventory 115 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 10.6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 27439.137 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 58 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2483.7483 m


North(1) -912.09636 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.52


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 240.95


 450.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  5.06


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 240.95


 450.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 9.10


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 240.95


 450.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  5.09


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 240.95


 450.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 27,437.48 kg


- Pressure 43.41 bar


- Temperature  340.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.55


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 240.95


 450.15


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 24.2737 24.789423.9228s


LFL       (8105.26) 18.75 67.936 103.00948.5433s


LFL Frac  (4052.63) 18.75 117.752 198.75965.7961s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 10.6 10.610.6s


LFL       (8105.26) 18.75 10.6 10.610.6s


LFL Frac  (4052.63) 18.75 10.6 10.610.6s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 23.964224.3771s


LFL       (8105.26) 18.75 50.460773.8108s


LFL Frac  (4052.63) 18.75 73.349135.124s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 10.610.6s


LFL       (8105.26) 18.75 10.610.6s


LFL Frac  (4052.63) 18.75 10.610.6s


Fireball Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 173.005 173.005173.005kW/m2


Radiation Level 4 653.349 653.349653.349kW/m2


Radiation Level 12.5 358.451 358.451358.451kW/m2


Radiation Level 37.5 161.573 161.573161.573kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 173.005173.005kW/m2


Radiation Level 4 653.349653.349kW/m2


Radiation Level 12.5 358.451358.451kW/m2


Radiation Level 37.5 161.573161.573kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 117.752 198.75965.7961ppm


Furthest Extent 8105.26 67.936 103.00948.5433ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 10.6 10.610.6ppm


Furthest Extent 8105.26 10.6 10.610.6ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 73.349135.124ppm


Furthest Extent 8105.26 50.460773.8108ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 10.610.6ppm


Furthest Extent 8105.26 10.610.6ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-002 SECOND HDT REACTOR\120C-002 SECOND HDT REACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-101 STRIPPER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 263 degC


Volume Inventory 65.6 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 29257.22 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2448.2862 m


North(1) -921.01478 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


1.98502E+000


3,600.00


92.42


1.01


257.30


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


1.98502E+000


3,600.00


92.42


1.01


257.30


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


1.98502E+000


3,600.00


92.42


1.01


257.30


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


1.98502E+000


3,600.00


92.42


1.01


257.30


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.98502E+000


3,600.00


1.01


257.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


92.42


0.60


0.05


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 2.66583 2.437182.93938s


LFL       (8105.26) 18.75 15.2566 10.844221.1611s


LFL Frac  (4052.63) 18.75 33.3755 25.852137.3823s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.998148 0.9985270.997649s


LFL       (8105.26) 18.75 1.08537 1.016671.3971s


LFL Frac  (4052.63) 18.75 1.64085 1.171493.06107s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 2.941152.64895s


LFL       (8105.26) 18.75 22.299416.1545s


LFL Frac  (4052.63) 18.75 37.160733.9627s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9976020.998126s


LFL       (8105.26) 18.75 1.623951.12879s


LFL Frac  (4052.63) 18.75 3.820191.86144s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 23.5756 24.961813.3899kW/m2


Radiation Level 4 26.3909 27.77826.4689kW/m2


Radiation Level 12.5 24.7265 26.151819.4645kW/m2


Radiation Level 37.5 23.4546 24.738412.3481kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 13.389923.5756kW/m2


Radiation Level 4 26.468926.3909kW/m2


Radiation Level 12.5 19.464524.7265kW/m2


Radiation Level 37.5 12.348123.4546kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 11.5172Not ReachedkW/m2


Radiation Level 4 23.5891 26.257416.8967kW/m2


Radiation Level 12.5 14.0503 17.1686Not ReachedkW/m2


Radiation Level 37.5 Not Reached 11.1097Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 16.896723.5891kW/m2


Radiation Level 12.5 Not Reached14.0503kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 33.3755 25.852137.3823ppm


Furthest Extent 8105.26 15.2566 10.844221.1611ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 1.64085 1.171493.06107ppm


Furthest Extent 8105.26 1.08537 1.016671.3971ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 37.160733.9627ppm


Furthest Extent 8105.26 22.299416.1545ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 3.820191.86144ppm


Furthest Extent 8105.26 1.623951.12879ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-101 STRIPPER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 263 degC


Volume Inventory 65.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 29257.22 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2448.2862 m


North(1) -921.01478 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


4.87620E+001


600.00


92.42


1.01


257.30


0.60


0.23


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


4.87620E+001


600.00


92.42


1.01


257.30


0.60


0.23


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


4.87620E+001


600.00


92.42


1.01


257.30


0.60


0.23


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


4.87620E+001


600.00


92.42


1.01


257.30


0.60


0.23


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.87620E+001


600.00


1.01


257.30 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 170.99


 92.42


92.42


0.60


0.23


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 14.4625 13.141115.8429s


LFL       (8105.26) 18.75 114.01 119.973109.187s


LFL Frac  (4052.63) 18.75 152.01 168.443139.817s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.972067 0.9773190.966166s


LFL       (8105.26) 18.75 6.44509 4.6050411.1306s


LFL Frac  (4052.63) 18.75 10.499 7.356620.3191s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 16.115714.5628s


LFL       (8105.26) 18.75 107.685112.733s


LFL Frac  (4052.63) 18.75 140.802149.427s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.9654940.971788s


LFL       (8105.26) 18.75 13.00896.95371s


LFL Frac  (4052.63) 18.75 22.92110.9507s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 94.1552 106.04767.359kW/m2


Radiation Level 4 119.518 126.964122.58kW/m2


Radiation Level 12.5 102.044 113.43589.1259kW/m2


Radiation Level 37.5 93.7392 105.65566.2468kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 67.35994.1552kW/m2


Radiation Level 4 122.58119.518kW/m2


Radiation Level 12.5 89.1259102.044kW/m2


Radiation Level 37.5 66.246893.7392kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 23.7777 44.065Not ReachedkW/m2


Radiation Level 4 102.458 111.34787.4919kW/m2


Radiation Level 12.5 61.7632 66.943924.554kW/m2


Radiation Level 37.5 20.5299 42.2515Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached23.7777kW/m2


Radiation Level 4 87.4919102.458kW/m2


Radiation Level 12.5 24.55461.7632kW/m2


Radiation Level 37.5 Not Reached20.5299kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 152.01 168.443139.817ppm


Furthest Extent 8105.26 114.01 119.973109.187ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 10.499 7.356620.3191ppm


Furthest Extent 8105.26 6.44509 4.6050411.1306ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 140.802149.427ppm


Furthest Extent 8105.26 107.685112.733ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 22.92110.9507ppm


Furthest Extent 8105.26 13.00896.95371ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120C-101 STRIPPER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 263 degC


Volume Inventory 65.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 29257.22 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2448.2862 m


North(1) -921.01478 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 145.95


 333.51


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 145.95


 333.51


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 145.95


 333.51


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 145.95


 333.51


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 29,257.22 kg


- Pressure 16.01 bar


- Temperature  263.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 145.95


 333.51


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 27.2925 28.936826.1705s


LFL       (8105.26) 18.75 86.8732 140.40254.2944s


LFL Frac  (4052.63) 18.75 155.825 267.49475.7299s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1 11s


LFL       (8105.26) 18.75 1 11s


LFL Frac  (4052.63) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 26.390527.6675s


LFL       (8105.26) 18.75 57.712797.5102s


LFL Frac  (4052.63) 18.75 88.3759177.281s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 11s


LFL       (8105.26) 18.75 11s


LFL Frac  (4052.63) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


85 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 131.395 131.395131.395kW/m2


Radiation Level 4 584.683 584.683584.683kW/m2


Radiation Level 12.5 312.667 312.667312.667kW/m2


Radiation Level 37.5 120.114 120.114120.114kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 131.395131.395kW/m2


Radiation Level 4 584.683584.683kW/m2


Radiation Level 12.5 312.667312.667kW/m2


Radiation Level 37.5 120.114120.114kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 155.825 267.49475.7299ppm


Furthest Extent 8105.26 86.8732 140.40254.2944ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 1 11ppm


Furthest Extent 8105.26 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 88.3759177.281ppm


Furthest Extent 8105.26 57.712797.5102ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 11ppm


Furthest Extent 8105.26 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120C-101 STRIPPER\120C-101 STRIPPER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120D-003 SEPARATOR DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Scenario
Building Wake Effect None


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 98.917717 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2459.7928 m


North(1) -899.41464 m


Material


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:
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Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 36 bar


Temperature 42 degC


Volume Inventory 35.6 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.50322E-001


658.00


1,252.63


19.34


-12.00


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.50322E-001


658.00


1,252.63


19.34


-12.00


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.50322E-001


658.00


1,252.63


19.34


-12.00


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.50322E-001


658.00


1,252.63


19.34


-12.00


0.86


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.50322E-001


658.00


19.34


-12.00 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1,252.63


0.86


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.185075 0.1847420.185381s


LFL       (40000) 18.75 12.3892 11.224414.7439s


LFL Frac  (20000) 18.75 18.1406 16.417220.4772s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 6.00003 6.000036.00003s


LFL       (40000) 18.75 6.65899 6.275518.4911s


LFL Frac  (20000) 18.75 7.18104 6.4516410.9352s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.1854340.184816s


LFL       (40000) 18.75 14.416212.0837s


LFL Frac  (20000) 18.75 19.968717.5153s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 6.000036.00003s


LFL       (40000) 18.75 8.498156.65899s


LFL Frac  (20000) 18.75 10.8657.1663s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 18.1406 16.417220.4772ppm


Furthest Extent 40000 12.3892 11.224414.7439ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 7.18104 6.4516410.9352ppm


Furthest Extent 40000 6.65899 6.275518.4911ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 19.968717.5153ppm


Furthest Extent 40000 14.416212.0837ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 10.8657.1663ppm


Furthest Extent 40000 8.498156.65899ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120D-003 SEPARATOR DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 36 bar


Temperature 42 degC


Volume Inventory 35.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 98.917717 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2459.7928 m


North(1) -899.41464 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.64853E-001


600.00


1,252.63


19.34


-12.00


0.86


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.64853E-001


600.00


1,252.63


19.34


-12.00


0.86


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.64853E-001


600.00


1,252.63


19.34


-12.00


0.86


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1.64853E-001


600.00


1,252.63


19.34


-12.00


0.86


0.17


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.64853E-001


600.00


19.34


-12.00 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 35.17


 500.00


1,252.63


0.86


0.17


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 0.19245 0.192080.192791s


LFL       (40000) 18.75 12.871 11.628215.3167s


LFL Frac  (20000) 18.75 18.7585 16.974221.1617s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 6.00003 6.000036.00003s


LFL       (40000) 18.75 6.7089 6.294938.68239s


LFL Frac  (20000) 18.75 7.25944 6.4819511.2342s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 0.1928470.192187s


LFL       (40000) 18.75 15.002612.4533s


LFL Frac  (20000) 18.75 20.658518.1131s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 6.000036.00003s


LFL       (40000) 18.75 8.698516.69819s


LFL Frac  (20000) 18.75 11.15177.24273s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 18.7585 16.974221.1617ppm


Furthest Extent 40000 12.871 11.628215.3167ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 7.25944 6.4819511.2342ppm


Furthest Extent 40000 6.7089 6.294938.68239ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 20.658518.1131ppm


Furthest Extent 40000 15.002612.4533ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 11.15177.24273ppm


Furthest Extent 40000 8.698516.69819ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120D-003 SEPARATOR DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 36 bar


Temperature 42 degC


Volume Inventory 35.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 98.917717 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


108 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2459.7928 m


North(1) -899.41464 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-164.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-164.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-164.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-164.71


 500.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 98.91 kg


- Pressure 37.01 bar


- Temperature  42.00 degC


Material HYDROGEN


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-164.71


 500.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 2.31601 2.316012.31601s


LFL       (40000) 18.75 21.0253 31.170215.1055s


LFL Frac  (20000) 18.75 35.6919 57.343721.0021s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (750000) 18.75 6 66s


LFL       (40000) 18.75 6 66s


LFL Frac  (20000) 18.75 6 66s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 2.311812.31389s


LFL       (40000) 18.75 15.021921.0565s


LFL Frac  (20000) 18.75 21.057336.3352s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (750000) 18.75 66s


LFL       (40000) 18.75 66s


LFL Frac  (20000) 18.75 66s


Fireball Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 32.7237 32.723732.7237kW/m2


Radiation Level 4 118.294 118.294118.294kW/m2


Radiation Level 12.5 64.9084 64.908464.9084kW/m2


Radiation Level 37.5 30.8323 30.832330.8323kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 32.723732.7237kW/m2


Radiation Level 4 118.294118.294kW/m2


Radiation Level 12.5 64.908464.9084kW/m2


Radiation Level 37.5 30.832330.8323kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 35.6919 57.343721.0021ppm


Furthest Extent 40000 21.0253 31.170215.1055ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 20000 6 66ppm


Furthest Extent 40000 6 66ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 20000 21.057336.3352ppm


Furthest Extent 40000 15.021921.0565ppm


F 1,5 m/sE 5 m/s


Furthest Extent 20000 66ppm


Furthest Extent 40000 66ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-003 SEPARATOR DRUM\120D-003 SEPARATOR DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120D-101 STRIPPER REFLUX DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier N-PENTANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 42 degC


Volume Inventory 4.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2960.9163 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2452.8913 m


North(1) -915.53422 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


2.10088E+000


1,409.37


73.69


1.01


41.35


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


2.10088E+000


1,409.37


73.69


1.01


41.35


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


2.10088E+000


1,409.37


73.69


1.01


41.35


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


2.10088E+000


1,409.37


73.69


1.01


41.35


0.60


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.10088E+000


1,409.37


1.01


41.35 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


73.69


0.60


0.01


fraction


degC


m/s


m/s


m


um 258.51


 0.97


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 5.0285 4.841485.2925s


LFL       (13000) 18.75 15.8285 14.109319.3477s


LFL Frac  (6500) 18.75 21.5855 19.426231.7572s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 4.96664 4.9744.95507s


LFL       (13000) 18.75 4.49858 4.772053.28125s


LFL Frac  (6500) 18.75 4.06827 4.621840.423873s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 5.260984.98289s


LFL       (13000) 18.75 19.244415.4528s


LFL Frac  (6500) 18.75 39.663820.8951s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 4.954994.96666s


LFL       (13000) 18.75 3.121014.49244s


LFL Frac  (6500) 18.75 04.05084s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.4259 18.203224.2165kW/m2


Radiation Level 4 36.4097 35.170140.6402kW/m2


Radiation Level 12.5 26.1141 24.815830.8154kW/m2


Radiation Level 37.5 19.0073 17.813323.8511kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 24.216519.4259kW/m2


Radiation Level 4 40.640236.4097kW/m2


Radiation Level 12.5 30.815426.1141kW/m2


Radiation Level 37.5 23.851119.0073kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 9.17151Not ReachedkW/m2


Radiation Level 4 28.5459 27.206827.2322kW/m2


Radiation Level 12.5 15.7493 16.8473Not ReachedkW/m2


Radiation Level 37.5 Not Reached 8.68981Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 27.232228.5459kW/m2


Radiation Level 12.5 Not Reached15.7493kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 21.5855 19.426231.7572ppm


Furthest Extent 13000 15.8285 14.109319.3477ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 4.06827 4.621840.423873ppm


Furthest Extent 13000 4.49858 4.772053.28125ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6500 39.663820.8951ppm


Furthest Extent 13000 19.244415.4528ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6500 04.05084ppm


Furthest Extent 13000 3.121014.49244ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


126 147 of Date: 9/26/2012 Time:  3:59:22PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


120D-101 STRIPPER REFLUX DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier N-PENTANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 42 degC


Volume Inventory 4.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2960.9163 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2452.8913 m


North(1) -915.53422 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


4.93486E+000


600.00


73.69


1.01


41.35


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


4.93486E+000


600.00


73.69


1.01


41.35


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


4.93486E+000


600.00


73.69


1.01


41.35


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


4.93486E+000


600.00


73.69


1.01


41.35


0.60


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 258.51


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.93486E+000


600.00


1.01


41.35 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 36.05


 75.02


73.69


0.60


0.05


fraction


degC


m/s


m/s


m


um 258.51


 0.97


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 7.50661 7.117588.01334s


LFL       (13000) 18.75 22.0708 19.634728.7579s


LFL Frac  (6500) 18.75 30.0441 26.535878.3899s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 4.92558 4.944024.89696s


LFL       (13000) 18.75 4.02276 4.555771.45353s


LFL Frac  (6500) 18.75 3.20704 4.282690s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 7.965757.43648s


LFL       (13000) 18.75 31.426521.5928s


LFL Frac  (6500) 18.75 84.623730.2692s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 4.8974.92568s


LFL       (13000) 18.75 0.6797384.00341s


LFL Frac  (6500) 18.75 03.0284s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 30.8966 29.0338.14kW/m2


Radiation Level 4 54.5319 52.744660.6437kW/m2


Radiation Level 12.5 39.7719 37.885146.6926kW/m2


Radiation Level 37.5 30.3839 28.522837.6443kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 38.1430.8966kW/m2


Radiation Level 4 60.643754.5319kW/m2


Radiation Level 12.5 46.692639.7719kW/m2


Radiation Level 37.5 37.644330.3839kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 11.2406 14.5418Not ReachedkW/m2


Radiation Level 4 40.7127 39.068842.1474kW/m2


Radiation Level 12.5 23.1927 24.523517.3427kW/m2


Radiation Level 37.5 Not Reached 14.078Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached11.2406kW/m2


Radiation Level 4 42.147440.7127kW/m2


Radiation Level 12.5 17.342723.1927kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 30.0441 26.535878.3899ppm


Furthest Extent 13000 22.0708 19.634728.7579ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 3.20704 4.282690ppm


Furthest Extent 13000 4.02276 4.555771.45353ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6500 84.623730.2692ppm


Furthest Extent 13000 31.426521.5928ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6500 03.0284ppm


Furthest Extent 13000 0.6797384.00341ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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120D-101 STRIPPER REFLUX DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier N-PENTANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 15 bar


Temperature 42 degC


Volume Inventory 4.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2960.9163 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:
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[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2452.8913 m


North(1) -915.53422 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 25.75


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.64


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 25.75


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.64


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 25.75


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.64


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 36.05


 25.75


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 204.64


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,960.92 kg


- Pressure 16.01 bar


- Temperature  42.00 degC


Material N-PENTANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 36.05


 25.75


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 204.64


 0.97


Final data (after atmospheric expansion):
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Consequence Results


Pool Vaporization Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


N.B.  Pool vaporization segments begin when the cloud has left the pool


D 5 m/s D 9 m/sD 1,5 m/s


Liquid Rainout 0.410926 0.3047990.5216fraction


Initial Vapor Cloud 1744.2 2058.431416.5kg


Time Pool Left Behind 29.1244 16.7772123.701s


Cloud Segment 1


Cloud Segment Duration 31.6406 1666.6835.7006s


Pool Vaporization Rate 1.49655 0.4980581.53682kg/s


Cloud Segment 2


Cloud Segment Duration 2072.882710.06s


Pool Vaporization Rate 0.5189680.497787kg/s


Maximum Pool Radius 10.7686 9.2751712.1608m


F 1,5 m/sE 5 m/s


Liquid Rainout 0.5359530.42552fraction


Initial Vapor Cloud 1374.011700.99kg


Time Pool Left Behind 283.80637.9966s


Cloud Segment 1


Cloud Segment Duration 38.4432.7756s


Pool Vaporization Rate 1.416291.49042kg/s


Cloud Segment 2


Cloud Segment Duration 2907.342152.79s


Pool Vaporization Rate 0.4747610.517761kg/s


Maximum Pool Radius 12.35310.9655m
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Distance to Concentration Results


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 49.4334 56.911644.45s


LFL       (13000) 18.75 129.281 143.699150.773s


LFL Frac  (6500) 18.75 174.634 206.365187.815s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (80000) 18.75 0 00s


LFL       (13000) 18.75 0 00s


LFL Frac  (6500) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 43.013447.5058s


LFL       (13000) 18.75 134.342115.052s


LFL Frac  (6500) 18.75 166.991154.928s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (80000) 18.75 00s


LFL       (13000) 18.75 00s


LFL Frac  (6500) 18.75 00s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 76.0024 87.57259.9392kW/m2


Radiation Level 12.5 43.3923 59.580631.6157kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 58.580474.0038kW/m2


Radiation Level 12.5 30.05540.8337kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard


Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 19.4181 19.418119.4181kW/m2


Radiation Level 4 120.263 120.263120.263kW/m2


Radiation Level 12.5 61.6023 61.602361.6023kW/m2


Radiation Level 37.5 15.196 15.19615.196kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 19.418119.4181kW/m2


Radiation Level 4 120.263120.263kW/m2


Radiation Level 12.5 61.602361.6023kW/m2


Radiation Level 37.5 15.19615.196kW/m2
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Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 174.634 206.365187.815ppm


Furthest Extent 13000 129.281 143.699150.773ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6500 0 00ppm


Furthest Extent 13000 0 00ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6500 166.991154.928ppm


Furthest Extent 13000 134.342115.052ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6500 00ppm


Furthest Extent 13000 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-120 NAPHTHA HYDROTREATER\120D-101 STRIPPER REFLUX DRUM\120D-101 STRIPPER REFLUX DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-116 USGP


116C-002 SOUR LPG AMINE CONTACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 23.4 bar


Temperature 60 degC


Volume Inventory 93.8 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:
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Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83925.185 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3083.0698 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


3.40800E+000


3,600.00


80.81


1.01


59.77


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


3.40800E+000


3,600.00


80.81


1.01


59.77


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


3.40800E+000


3,600.00


80.81


1.01


59.77


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


3.40800E+000


3,600.00


80.81


1.01


59.77


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.40800E+000


3,600.00


1.01


59.77 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


80.81


0.60


0.03


fraction


degC


m/s


m/s


m


um 261.03


 0.95


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.698975 0.683890.716426fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 903.003 895.506919.606s


Pool Vaporization Rate 0.392744 0.4207630.343502kg/s


Total Vapor Flowrate 1.41864 1.498071.30992kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 443.888 442.225445.697s


Pool Vaporization Rate 0.798771 0.8525280.708624kg/s


Total Vapor Flowrate 1.82466 1.929831.67504kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 365.001 363.832365.257s


Pool Vaporization Rate 0.970426 1.033210.86507kg/s


Total Vapor Flowrate 1.99632 2.110511.83149kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 620.999 621.678619.266s


Pool Vaporization Rate 1.14123 1.211171.02305kg/s


Total Vapor Flowrate 2.16712 2.288481.98947kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1039.82 1276.761028.69s


Pool Vaporization Rate 1.36732 1.468721.23642kg/s


Total Vapor Flowrate 2.39321 2.546022.20284kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 227.294221.484s


Pool Vaporization Rate 1.507481.37142kg/s


Total Vapor Flowrate 2.533372.33784kg/s


Maximum Pool Radius 18.2971 17.541919.3562m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.7181890.70103fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 934.831907.516s


Pool Vaporization Rate 0.3198080.384529kg/s


Total Vapor Flowrate 1.280221.40342kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 447.15444.885s


Pool Vaporization Rate 0.6695280.785938kg/s


Total Vapor Flowrate 1.629941.80483kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 365.259365.702s


Pool Vaporization Rate 0.8205930.956406kg/s


Total Vapor Flowrate 1.781011.9753kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 617.151622.038s
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Pool Vaporization Rate 0.9740621.12657kg/s


Total Vapor Flowrate 1.934482.14546kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1017.031038.38s


Pool Vaporization Rate 1.182571.35235kg/s


Total Vapor Flowrate 2.142992.37124kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 218.578221.484s


Pool Vaporization Rate 1.315451.49216kg/s


Total Vapor Flowrate 2.275862.51106kg/s


Maximum Pool Radius 19.690918.4422m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.49539 2.361562.63505s


LFL Frac  (238348) 18.75 5.23743 4.683416.0008s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.994791 0.9955550.993928s


LFL Frac  (238348) 18.75 0.970362 0.9794420.954165s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.631892.47984s


LFL Frac  (238348) 18.75 6.01985.20548s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.9938830.994787s


LFL Frac  (238348) 18.75 0.9522960.969598s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached 32.6411Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 5.23743 4.683416.0008ppm


Furthest Extent 476697 2.49539 2.361562.63505ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.970362 0.9794420.954165ppm


Furthest Extent 476697 0.994791 0.9955550.993928ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 6.01985.20548ppm


Furthest Extent 476697 2.631892.47984ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.9522960.969598ppm


Furthest Extent 476697 0.9938830.994787ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 23.4 bar


Temperature 60 degC


Volume Inventory 93.8 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83925.185 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3083.0698 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


1.39875E+002


600.00


80.81


1.01


59.77


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


1.39875E+002


600.00


80.81


1.01


59.77


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


1.39875E+002


600.00


80.81


1.01


59.77


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


1.39875E+002


600.00


80.81


1.01


59.77


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 261.03


 0.95


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.39875E+002


600.00


1.01


59.77 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 80.81


80.81


0.60


0.14


fraction


degC


m/s


m/s


m


um 261.03


 0.95


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.785882 0.7822530.789115fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 208.081 209.526189.063s


Pool Vaporization Rate 4.58857 5.120373.32275kg/s


Total Vapor Flowrate 34.5384 35.577832.8203kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 89.4819 91.496976.6275s


Pool Vaporization Rate 10.7266 11.8348.20271kg/s


Total Vapor Flowrate 40.6765 42.291537.7003kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 73 74.368162.8256s


Pool Vaporization Rate 13.0862 14.439710.0666kg/s


Total Vapor Flowrate 43.0361 44.897239.5641kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 64.16 65.609454.665s


Pool Vaporization Rate 14.9167 16.463311.4955kg/s


Total Vapor Flowrate 44.8666 46.920740.9931kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 112.837 114.78196.4294s


Pool Vaporization Rate 17.0956 18.868313.2036kg/s


Total Vapor Flowrate 47.0454 49.325842.7012kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 151.793 158.195120.39s


Pool Vaporization Rate 18.5296 20.022915.4614kg/s


Total Vapor Flowrate 48.4794 50.480444.959kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 2900.65 2886.023000s


Pool Vaporization Rate 8.45661 9.32197.51781kg/s


Total Vapor Flowrate 18.5296 20.02297.51781kg/s


Maximum Pool Radius 62.796 62.274363.5644m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.7936370.787709fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 191.822206.641s


Pool Vaporization Rate 3.020054.39117kg/s


Total Vapor Flowrate 31.885134.0855kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 77.137588.34s


Pool Vaporization Rate 7.5482510.3549kg/s


Total Vapor Flowrate 36.413340.0492kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 62.2871.7419s
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Pool Vaporization Rate 9.3020112.6483kg/s


Total Vapor Flowrate 38.167142.3427kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 54.882563.84s


Pool Vaporization Rate 10.648614.4353kg/s


Total Vapor Flowrate 39.513644.1297kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 95.68111.163s


Pool Vaporization Rate 12.263216.5668kg/s


Total Vapor Flowrate 41.128346.2612kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 118.198145.775s


Pool Vaporization Rate 14.386218.2443kg/s


Total Vapor Flowrate 43.251247.9386kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 30002912.5s


Pool Vaporization Rate 7.298748.42325kg/s


Total Vapor Flowrate 7.2987418.2443kg/s


Maximum Pool Radius 64.039462.9883m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 16.7205 15.668517.7144s


LFL Frac  (238348) 18.75 30.2379 30.667529.8833s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.876378 0.8931040.858711s


LFL Frac  (238348) 18.75 0.7486 0.7687340.729605s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 17.874716.7059s


LFL Frac  (238348) 18.75 27.331729.779s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.8516150.874502s


LFL Frac  (238348) 18.75 0.7305190.737478s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


24 65 of Date: 9/26/2012 Time:  3:58:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 157.179 147.623195.945kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 194.044156.587kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard TruncatedHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 12.4882 32.6466Not ReachedkW/m2


Radiation Level 12.5 Not Reached 3.96858Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached12.409kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 30.2379 30.667529.8833ppm


Furthest Extent 476697 16.7205 15.668517.7144ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.7486 0.7687340.729605ppm


Furthest Extent 476697 0.876378 0.8931040.858711ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 27.331729.779ppm


Furthest Extent 476697 17.874716.7059ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.7305190.737478ppm


Furthest Extent 476697 0.8516150.874502ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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116C-002 SOUR LPG AMINE CONTACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 23.4 bar


Temperature 60 degC


Volume Inventory 93.8 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 83925.185 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3083.0698 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 438.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 438.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 438.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


32 65 of Date: 9/26/2012 Time:  3:58:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 438.00


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 83,925.20 kg


- Pressure 24.41 bar


- Temperature  60.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 438.00


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 28.8811 28.881128.8811s


LFL Frac  (238348) 18.75 40.2771 41.808640.1809s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (476697) 18.75 1 11s


LFL Frac  (238348) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 28.883828.8618s


LFL Frac  (238348) 18.75 40.185940.5954s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (476697) 18.75 11s


LFL Frac  (238348) 18.75 11s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard


35 65 of Date: 9/26/2012 Time:  3:58:27PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 40.2771 41.808640.1809ppm


Furthest Extent 476697 28.8811 28.881128.8811ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 1 11ppm


Furthest Extent 476697 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 40.185940.5954ppm


Furthest Extent 476697 28.883828.8618ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 11ppm


Furthest Extent 476697 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116C002 SOUR LPG AMINE CONTACTOR\116C-002 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


116D-002 LPG/AMINE SETTLER DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 22.6 bar


Temperature 55 degC


Volume Inventory 5.7 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2666.0839 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3067.4053 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


2.29074E+000


1,163.85


102.72


1.01


52.08


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


2.29074E+000


1,163.85


102.72


1.01


52.08


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


2.29074E+000


1,163.85


102.72


1.01


52.08


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


2.29074E+000


1,163.85


102.72


1.01


52.08


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.29074E+000


1,163.85


1.01


52.08 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


102.72


0.60


0.02


fraction


degC


m/s


m/s


m


um 78.18


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 3.33458 3.29043.37741s


LFL       (18181.8) 18.75 13.5037 12.258315.3425s


LFL Frac  (9090.91) 18.75 21.2539 18.691626.2874s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 5.99854 5.99875.99838s


LFL       (18181.8) 18.75 5.92764 5.959365.85472s


LFL Frac  (9090.91) 18.75 5.77042 5.893175.30716s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.372513.32151s


LFL       (18181.8) 18.75 15.182713.3096s


LFL Frac  (9090.91) 18.75 25.973320.8165s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 5.998385.99855s


LFL       (18181.8) 18.75 5.855335.92833s


LFL Frac  (9090.91) 18.75 5.292995.77279s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.2698 13.5919.0534kW/m2


Radiation Level 4 30.0528 29.302434.2409kW/m2


Radiation Level 12.5 21.7252 20.693126.0829kW/m2


Radiation Level 37.5 14.033 12.775918.7772kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 19.053414.2698kW/m2


Radiation Level 4 34.240930.0528kW/m2


Radiation Level 12.5 26.082921.7252kW/m2


Radiation Level 37.5 18.777214.033kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 19.9534 21.015319.2032kW/m2


Radiation Level 12.5 Not Reached 10.3814Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 19.203219.9534kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 21.2539 18.691626.2874ppm


Furthest Extent 18181.8 13.5037 12.258315.3425ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 5.77042 5.893175.30716ppm


Furthest Extent 18181.8 5.92764 5.959365.85472ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 25.973320.8165ppm


Furthest Extent 18181.8 15.182713.3096ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 5.292995.77279ppm


Furthest Extent 18181.8 5.855335.92833ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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116D-002 LPG/AMINE SETTLER DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 22.6 bar


Temperature 55 degC


Volume Inventory 5.7 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2666.0839 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3067.4053 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


4.44347E+000


600.00


102.72


1.01


52.08


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


4.44347E+000


600.00


102.72


1.01


52.08


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


4.44347E+000


600.00


102.72


1.01


52.08


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


4.44347E+000


600.00


102.72


1.01


52.08


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 78.18


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


4.44347E+000


600.00


1.01


52.08 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 267.20


102.72


0.60


0.11


fraction


degC


m/s


m/s


m


um 78.18


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 4.61819 4.530554.70282s


LFL       (18181.8) 18.75 18.2107 16.447121.0106s


LFL Frac  (9090.91) 18.75 28.1411 24.559635.3616s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 5.99719 5.997545.99682s


LFL       (18181.8) 18.75 5.86824 5.925995.72811s


LFL Frac  (9090.91) 18.75 5.60158 5.816364.76302s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 4.695154.59778s


LFL       (18181.8) 18.75 20.783417.9214s


LFL Frac  (9090.91) 18.75 35.612127.5629s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 5.996815.9972s


LFL       (18181.8) 18.75 5.730525.87037s


LFL Frac  (9090.91) 18.75 4.660985.60555s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 23.3768 21.877529.2929kW/m2


Radiation Level 4 41.6088 40.772947.1672kW/m2


Radiation Level 12.5 30.4237 29.115436.3717kW/m2


Radiation Level 37.5 22.9375 21.433928.8419kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 29.292923.3768kW/m2


Radiation Level 4 47.167241.6088kW/m2


Radiation Level 12.5 36.371730.4237kW/m2


Radiation Level 37.5 28.841922.9375kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 26.9089 28.445928.971kW/m2


Radiation Level 12.5 Not Reached 15.2791Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 28.97126.9089kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 28.1411 24.559635.3616ppm


Furthest Extent 18181.8 18.2107 16.447121.0106ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 5.60158 5.816364.76302ppm


Furthest Extent 18181.8 5.86824 5.925995.72811ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 35.612127.5629ppm


Furthest Extent 18181.8 20.783417.9214ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 4.660985.60555ppm


Furthest Extent 18181.8 5.730525.87037ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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116D-002 LPG/AMINE SETTLER DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 22.6 bar


Temperature 55 degC


Volume Inventory 5.7 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 6 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 2666.0839 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 58 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 3067.4053 m


North(1) -1315.0922 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.36


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 248.46


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 66.01


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.53


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 248.46


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 66.01


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.16


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 248.46


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 66.01


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.27


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 248.46


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 66.01


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 2,666.08 kg


- Pressure 23.61 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.16


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 248.46


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 66.01


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 12.3768 15.088110.6204s


LFL       (18181.8) 18.75 43.3782 71.159223.1322s


LFL Frac  (9090.91) 18.75 119.008 179.73550.7842s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 6 66s


LFL       (18181.8) 18.75 6 66s


LFL Frac  (9090.91) 18.75 0 2.356470s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 10.599912.3793s


LFL       (18181.8) 18.75 23.616544.7931s


LFL Frac  (9090.91) 18.75 53.3392124.015s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 66s


LFL       (18181.8) 18.75 66s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 86.8323 86.832386.8323kW/m2


Radiation Level 4 321.965 321.965321.965kW/m2


Radiation Level 12.5 176.552 176.552176.552kW/m2


Radiation Level 37.5 81.4185 81.418581.4185kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 86.832386.8323kW/m2


Radiation Level 4 321.965321.965kW/m2


Radiation Level 12.5 176.552176.552kW/m2


Radiation Level 37.5 81.418581.4185kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 119.008 179.73550.7842ppm


Furthest Extent 18181.8 43.3782 71.159223.1322ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 2.356470ppm


Furthest Extent 18181.8 6 66ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 53.3392124.015ppm


Furthest Extent 18181.8 23.616544.7931ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 66ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-116 USGP\116D-002 LPG/AMINE SETTLER DRUM\116D-002 LPG/AMINE SETTLER DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-110 SGP


110C-003 DE-ETHANIZER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 14.7 bar


Temperature 81 degC


Volume Inventory 14.9 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:
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Mass Inventory of material to Disperse 481.90136 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1078.7988 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


2.98826E-001


1,612.35


221.77


9.52


60.36


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


2.98826E-001


1,612.35


221.77


9.52


60.36


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


2.98826E-001


1,612.35


221.77


9.52


60.36


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


2.98826E-001


1,612.35


221.77


9.52


60.36


0.89


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.98826E-001


1,612.35


9.52


60.36 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


221.77


0.89


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.856461 0.8398390.871801s


LFL       (18181.8) 18.75 3.77671 3.392724.30775s


LFL Frac  (9090.91) 18.75 6.14688 5.246937.78461s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.999978 0.999980.999976s


LFL       (18181.8) 18.75 0.998732 0.9991820.99789s


LFL Frac  (9090.91) 18.75 0.995318 0.9975750.988464s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.8721010.854417s


LFL       (18181.8) 18.75 4.321633.75877s


LFL Frac  (9090.91) 18.75 7.841026.0953s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9999760.999978s


LFL       (18181.8) 18.75 0.9977750.99867s


LFL Frac  (9090.91) 18.75 0.9872050.994946s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.18255 7.86588.36973kW/m2


Radiation Level 12.5 6.29215 Not Reached6.29215kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 8.369738.18255kW/m2


Radiation Level 12.5 6.2921512.5kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 6.54312 7.29347Not ReachedkW/m2


Radiation Level 12.5 Not Reached 3.71362Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached6.54312kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 6.14688 5.246937.78461ppm


Furthest Extent 18181.8 3.77671 3.392724.30775ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.995318 0.9975750.988464ppm


Furthest Extent 18181.8 0.998732 0.9991820.99789ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 7.841026.0953ppm


Furthest Extent 18181.8 4.321633.75877ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 0.9872050.994946ppm


Furthest Extent 18181.8 0.9977750.99867ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110C-003 DE-ETHANIZER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 14.7 bar


Temperature 81 degC


Volume Inventory 14.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 481.90136 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1078.7988 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


8.03018E-001


600.00


221.77


9.52


60.36


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


8.03018E-001


600.00


221.77


9.52


60.36


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


8.03018E-001


600.00


221.77


9.52


60.36


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


8.03018E-001


600.00


221.77


9.52


60.36


0.89


0.05


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.03018E-001


600.00


9.52


60.36 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 11.03


 420.63


221.77


0.89


0.05


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1.38984 1.356491.42338s


LFL       (18181.8) 18.75 5.95694 5.282486.95998s


LFL Frac  (9090.91) 18.75 10.1876 8.160613.603s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 0.999942 0.9999470.999937s


LFL       (18181.8) 18.75 0.996906 0.9980540.99452s


LFL Frac  (9090.91) 18.75 0.988131 0.9943230.972712s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 1.423881.38704s


LFL       (18181.8) 18.75 6.994635.93188s


LFL Frac  (9090.91) 18.75 14.044610.3691s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 0.9999360.999942s


LFL       (18181.8) 18.75 0.9941890.996758s


LFL Frac  (9090.91) 18.75 0.9690850.986784s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 14.5488 14.420514.5883kW/m2


Radiation Level 12.5 11.8409 12.199911.4902kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 14.588314.5488kW/m2


Radiation Level 12.5 11.490211.8409kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 10.8112 11.83916.39671kW/m2


Radiation Level 12.5 Not Reached 6.46061Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 6.3967110.8112kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 10.1876 8.160613.603ppm


Furthest Extent 18181.8 5.95694 5.282486.95998ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0.988131 0.9943230.972712ppm


Furthest Extent 18181.8 0.996906 0.9980540.99452ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 14.044610.3691ppm


Furthest Extent 18181.8 6.994635.93188ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 0.9690850.986784ppm


Furthest Extent 18181.8 0.9941890.996758ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110C-003 DE-ETHANIZER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 14.7 bar


Temperature 81 degC


Volume Inventory 14.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 481.90136 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1078.7988 m


22 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-15.39


 411.01


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-15.39


 411.01


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-15.39


 411.01


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-15.39


 411.01


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 481.81 kg


- Pressure 15.71 bar


- Temperature  81.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-15.39


 411.01


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 6.99598 7.443246.71104s


LFL       (18181.8) 18.75 16.9079 24.609612.7364s


LFL Frac  (9090.91) 18.75 28.4385 46.408317.2547s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 1 11s


LFL       (18181.8) 18.75 1 11s


LFL Frac  (9090.91) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 6.703236.98743s


LFL       (18181.8) 18.75 12.593416.6562s


LFL Frac  (9090.91) 18.75 16.998428.3266s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 11s


LFL       (18181.8) 18.75 11s


LFL Frac  (9090.91) 18.75 11s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 25.1582 25.158225.1582kW/m2


Radiation Level 4 142.429 142.429142.429kW/m2


Radiation Level 12.5 73.551 73.55173.551kW/m2


Radiation Level 37.5 21.1916 21.191621.1916kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 25.158225.1582kW/m2


Radiation Level 4 142.429142.429kW/m2


Radiation Level 12.5 73.55173.551kW/m2


Radiation Level 37.5 21.191621.1916kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 28.4385 46.408317.2547ppm


Furthest Extent 18181.8 16.9079 24.609612.7364ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 1 11ppm


Furthest Extent 18181.8 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 16.998428.3266ppm


Furthest Extent 18181.8 12.593416.6562ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 11ppm


Furthest Extent 18181.8 11ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-003 DE-ETHANIZER\110C-003 DE-ETHANIZER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110C-201 SOUR LPG AMINE CONTACTOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.5 bar


Temperature 51 degC


Volume Inventory 48.5 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 43805.688 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.8422 m


North(1) -1103.5533 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


2.87695E+000


3,600.00


67.58


1.01


50.85


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


2.87695E+000


3,600.00


67.58


1.01


50.85


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


2.87695E+000


3,600.00


67.58


1.01


50.85


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


2.87695E+000


3,600.00


67.58


1.01


50.85


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.87695E+000


3,600.00


1.01


50.85 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


67.58


0.60


0.02


fraction


degC


m/s


m/s


m


um 286.07


 0.97


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 3600 36003600s


Liquid Rainout 0.735766 0.7220230.751935fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 901.501 894.01919.606s


Pool Vaporization Rate 0.352393 0.3782270.308453kg/s


Total Vapor Flowrate 1.11258 1.177951.02212kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 443.555 441.892445.697s


Pool Vaporization Rate 0.716665 0.7664750.635577kg/s


Total Vapor Flowrate 1.47685 1.56621.34925kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 364.767 365.66365.257s


Pool Vaporization Rate 0.870581 0.9291860.775572kg/s


Total Vapor Flowrate 1.63077 1.728911.48924kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 623.067 621.678619.266s


Pool Vaporization Rate 1.02389 1.089180.916805kg/s


Total Vapor Flowrate 1.78408 1.888911.63048kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1039.82 1276.761028.69s


Pool Vaporization Rate 1.22634 1.319841.10731kg/s


Total Vapor Flowrate 1.98653 2.119561.82098kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 227.294221.484s


Pool Vaporization Rate 1.351491.22769kg/s


Total Vapor Flowrate 2.111671.94137kg/s


Maximum Pool Radius 17.1892 16.501718.1623m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 36003600s


Liquid Rainout 0.7534310.737523fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 934.831907.516s


Pool Vaporization Rate 0.2870670.345275kg/s


Total Vapor Flowrate 0.9964341.10041kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 447.15444.885s


Pool Vaporization Rate 0.6002630.705465kg/s


Total Vapor Flowrate 1.309631.4606kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 365.259365.702s


Pool Vaporization Rate 0.7353930.858223kg/s


Total Vapor Flowrate 1.444761.61336kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 617.151619.62s
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Pool Vaporization Rate 0.8725561.0102kg/s


Total Vapor Flowrate 1.581921.76533kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 1017.031037.89s


Pool Vaporization Rate 1.058691.21173kg/s


Total Vapor Flowrate 1.768051.96687kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 218.578224.39s


Pool Vaporization Rate 1.177161.33682kg/s


Total Vapor Flowrate 1.886532.09196kg/s


Maximum Pool Radius 18.476617.3224m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 2.54467 2.390382.71061s


LFL Frac  (238348) 18.75 5.1699 4.581446.0315s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.992175 0.9934740.990628s


LFL Frac  (238348) 18.75 0.959424 0.972790.93314s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 2.706342.5261s


LFL Frac  (238348) 18.75 6.055425.1317s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.9905490.992165s


LFL Frac  (238348) 18.75 0.9299270.95829s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached 29.1431Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard
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Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard


Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 5.1699 4.581446.0315ppm


Furthest Extent 476697 2.54467 2.390382.71061ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.959424 0.972790.93314ppm


Furthest Extent 476697 0.992175 0.9934740.990628ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 6.055425.1317ppm


Furthest Extent 476697 2.706342.5261ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.9299270.95829ppm


Furthest Extent 476697 0.9905490.992165ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.5 bar


Temperature 51 degC


Volume Inventory 48.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 43805.688 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.8422 m


North(1) -1103.5533 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


7.30095E+001


600.00


67.58


1.01


50.85


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


7.30095E+001


600.00


67.58


1.01


50.85


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


7.30095E+001


600.00


67.58


1.01


50.85


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


7.30095E+001


600.00


67.58


1.01


50.85


0.60


0.11


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 286.07


 0.97


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


7.30095E+001


600.00


1.01


50.85 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 67.58


67.58


0.60


0.11


fraction


degC


m/s


m/s


m


um 286.07


 0.97


Final data (after atmospheric expansion):
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Consequence Results
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Pool Vaporization Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Release Segment 1


Release Duration 600 600600s


Liquid Rainout 0.801193 0.7957270.806168fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 180.231 179.56183.603s


Pool Vaporization Rate 2.25795 2.475131.86043kg/s


Total Vapor Flowrate 16.7727 17.38916.012kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 79.785 79.6579.6481s


Pool Vaporization Rate 5.12209 5.583494.30609kg/s


Total Vapor Flowrate 19.6369 20.497418.4577kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 63.9844 64.7964.3594s


Pool Vaporization Rate 6.35482 6.928715.37251kg/s


Total Vapor Flowrate 20.8696 21.842619.5241kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 56.25 56.2555.5706s


Pool Vaporization Rate 7.29531 7.957636.1863kg/s


Total Vapor Flowrate 21.8101 22.871520.3379kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 97.1725 98.265696.4294s


Pool Vaporization Rate 8.39881 9.165697.13762kg/s


Total Vapor Flowrate 22.9136 24.079621.2892kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 122.577 121.484120.39s


Pool Vaporization Rate 9.84246 10.73668.38108kg/s


Total Vapor Flowrate 24.3572 25.650522.5327kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 3000 30003000s


Pool Vaporization Rate 4.74703 5.254014.05423kg/s


Total Vapor Flowrate 4.74703 5.254014.05423kg/s


Maximum Pool Radius 45.7586 45.326746.3712m


F 1,5 m/sE 5 m/s


Release Segment 1


Release Duration 600600s


Liquid Rainout 0.8094050.802651fraction


Release Segment 1 Cloud Segment 1


Cloud Segment Duration 186.323181.576s


Pool Vaporization Rate 1.683442.18929kg/s


Total Vapor Flowrate 15.598716.5976kg/s


Release Segment 1 Cloud Segment 2


Cloud Segment Duration 79.367580.055s


Pool Vaporization Rate 3.943924.98941kg/s


Total Vapor Flowrate 17.859219.3978kg/s


Release Segment 1 Cloud Segment 3


Cloud Segment Duration 63.732564.1719s
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Pool Vaporization Rate 4.935846.19954kg/s


Total Vapor Flowrate 18.851120.6079kg/s


Release Segment 1 Cloud Segment 4


Cloud Segment Duration 55.718156.4s


Pool Vaporization Rate 5.699457.12413kg/s


Total Vapor Flowrate 19.614721.5325kg/s


Release Segment 1 Cloud Segment 5


Cloud Segment Duration 95.56597.4075s


Pool Vaporization Rate 6.596218.21028kg/s


Total Vapor Flowrate 20.511422.6186kg/s


Release Segment 1 Cloud Segment 6


Cloud Segment Duration 119.294120.39s


Pool Vaporization Rate 7.769279.61822kg/s


Total Vapor Flowrate 21.684524.0266kg/s


Release Segment 1 Cloud Segment 7


Cloud Segment Duration 30003000s


Pool Vaporization Rate 3.932294.70404kg/s


Total Vapor Flowrate 3.932294.70404kg/s


Maximum Pool Radius 46.684145.889m


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 12.3277 11.006313.7462s


LFL Frac  (238348) 18.75 22.3213 24.447622.2284s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 Not Set Not SetNot Sets


LFL       (476697) 18.75 0.853437 0.8827460.820801s


LFL Frac  (238348) 18.75 0.73888 0.7404820.714485s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 13.800112.3146s


LFL Frac  (238348) 18.75 21.670722.0165s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 Not SetNot Sets


LFL       (476697) 18.75 0.816960.852373s


LFL Frac  (238348) 18.75 0.6982110.731654s
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Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal
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Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 114.85 108.963Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached114.472kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 8.25774 22.8269Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached8.20829kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Early Pool Fire Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Early Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Early Pool Fire Status HazardHazard


Radiation Effects: Early Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Early Pool Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Late Pool Fire Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Late Pool Fire Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Late Pool Fire Status HazardHazard
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Radiation Effects: Late Pool Fire Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Late Pool Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 22.3213 24.447622.2284ppm


Furthest Extent 476697 12.3277 11.006313.7462ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 0.73888 0.7404820.714485ppm


Furthest Extent 476697 0.853437 0.8827460.820801ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 21.670722.0165ppm


Furthest Extent 476697 13.800112.3146ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 0.6982110.731654ppm


Furthest Extent 476697 0.816960.852373ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110C-201 SOUR LPG AMINE CONTACTOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier AMINE_RICH


Material to Track AMINE_RICH


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.5 bar


Temperature 51 degC


Volume Inventory 48.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 43805.688 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.8422 m


North(1) -1103.5533 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 343.07


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 18.42


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 343.07


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 18.42


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 343.07


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 18.42


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 37.01


 343.07


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 18.42


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 43,805.70 kg


- Pressure 17.51 bar


- Temperature  51.00 degC


Material AMINE_RICH


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 37.01


 343.07


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 18.42


 1.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 0 00s


LFL       (476697) 18.75 23.1923 23.192323.1923s


LFL Frac  (238348) 18.75 32.4776 34.9532.2663s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (1e+006) 18.75 1 11s


LFL       (476697) 18.75 1 11s


LFL Frac  (238348) 18.75 1 11s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 00s


LFL       (476697) 18.75 23.194823.1799s


LFL Frac  (238348) 18.75 32.276632.9157s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (1e+006) 18.75 11s


LFL       (476697) 18.75 11s


LFL Frac  (238348) 18.75 11s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 32.4776 34.9532.2663ppm


Furthest Extent 476697 23.1923 23.192323.1923ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 238348 1 11ppm


Furthest Extent 476697 1 11ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 238348 32.276632.9157ppm


Furthest Extent 476697 23.194823.1799ppm


F 1,5 m/sE 5 m/s


Furthest Extent 238348 11ppm


Furthest Extent 476697 11ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110C-201 SOUR LPG AMINE CONTACTOR\110C-201 SOUR LPG AMINE CONTACTOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-001 LP GAS COMPRESSOR KO DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 42 degC


Volume Inventory 0.7 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4.8740689 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1129.9582 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


5.10492E-002


95.38


188.81


1.44


28.25


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


5.10492E-002


95.38


188.81


1.44


28.25


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


5.10492E-002


95.38


188.81


1.44


28.25


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


5.10492E-002


95.38


188.81


1.44


28.25


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.10492E-002


95.38


1.44


28.25 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


188.81


0.82


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):


71 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.406816 0.4094420.404491s


LFL       (13846) 18.75 2.14732 2.052142.27114s


LFL Frac  (6923.02) 18.75 3.73852 3.438034.23297s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.99998 4.999984.99998s


LFL       (13846) 18.75 4.99876 4.999194.99797s


LFL Frac  (6923.02) 18.75 4.99537 4.997584.98885s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.4040040.405235s


LFL       (13846) 18.75 2.253372.11987s


LFL Frac  (6923.02) 18.75 4.170053.66669s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 4.999984.99998s


LFL       (13846) 18.75 4.997944.99875s


LFL Frac  (6923.02) 18.75 4.988544.99532s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 3.73852 3.438034.23297ppm


Furthest Extent 13846 2.14732 2.052142.27114ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 4.99537 4.997584.98885ppm


Furthest Extent 13846 4.99876 4.999194.99797ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 4.170053.66669ppm


Furthest Extent 13846 2.253372.11987ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 4.988544.99532ppm


Furthest Extent 13846 4.997944.99875ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 42 degC


Volume Inventory 0.7 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4.8740689 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


76 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1129.9582 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


8.11516E-003


600.00


188.81


1.44


28.25


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


8.11516E-003


600.00


188.81


1.44


28.25


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


8.11516E-003


600.00


188.81


1.44


28.25


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


8.11516E-003


600.00


188.81


1.44


28.25


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


8.11516E-003


600.00


1.44


28.25 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.47


 242.36


188.81


0.82


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.176786 0.1781820.175529s


LFL       (13846) 18.75 0.900638 0.8836880.924981s


LFL Frac  (6923.02) 18.75 1.63119 1.544621.75981s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 5 55s


LFL       (13846) 18.75 4.99978 4.999854.99966s


LFL Frac  (6923.02) 18.75 4.99909 4.99954.99804s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.1754120.176401s


LFL       (13846) 18.75 0.9174360.891073s


LFL Frac  (6923.02) 18.75 1.734031.60068s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 55s


LFL       (13846) 18.75 4.999654.99977s


LFL Frac  (6923.02) 18.75 4.997984.99908s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 1.63119 1.544621.75981ppm


Furthest Extent 13846 0.900638 0.8836880.924981ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 4.99909 4.99954.99804ppm


Furthest Extent 13846 4.99978 4.999854.99966ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 1.734031.60068ppm


Furthest Extent 13846 0.9174360.891073ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 4.997984.99908ppm


Furthest Extent 13846 4.999654.99977ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-001 LP GAS COMPRESSOR KO DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.4 bar


Temperature 42 degC


Volume Inventory 0.7 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 4.8740689 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1129.9582 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.24


 138.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.24


 138.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.24


 138.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 19.24


 138.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 4.87 kg


- Pressure 2.41 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 19.24


 138.50


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 1.37452 1.837581.18139s


LFL       (13846) 18.75 8.73755 11.41824.87585s


LFL Frac  (6923.02) 18.75 15.7531 19.35518.34435s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 5 55s


LFL       (13846) 18.75 4.82506 4.914214.1698s


LFL Frac  (6923.02) 18.75 4.3532 4.764032.94233s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 1.171091.3435s


LFL       (13846) 18.75 4.12158.07294s


LFL Frac  (6923.02) 18.75 7.0681814.8276s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 55s


LFL       (13846) 18.75 4.158134.82607s


LFL Frac  (6923.02) 18.75 2.851034.32889s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 18.8396 18.839618.8396kW/m2


Radiation Level 12.5 6.52345 6.523456.52345kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 18.839618.8396kW/m2


Radiation Level 12.5 6.523456.52345kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 15.7531 19.35518.34435ppm


Furthest Extent 13846 8.73755 11.41824.87585ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 4.3532 4.764032.94233ppm


Furthest Extent 13846 4.82506 4.914214.1698ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 7.0681814.8276ppm


Furthest Extent 13846 4.12158.07294ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 2.851034.32889ppm


Furthest Extent 13846 4.158134.82607ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-001 LP GAS COMPRESSOR KO DRUM\110D-001 LP GAS COMPRESSOR KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-002 MP GAS COMPRESSOR KO DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 5.9 bar


Temperature 42 degC


Volume Inventory 0.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 563.79976 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1161.3139 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


1.32723E+000


424.79


44.93


1.01


41.74


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


1.32723E+000


424.79


44.93


1.01


41.74


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


1.32723E+000


424.79


44.93


1.01


41.74


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


1.32723E+000


424.79


44.93


1.01


41.74


0.60


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.32723E+000


424.79


1.01


41.74 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


44.93


0.60


0.03


fraction


degC


m/s


m/s


m


um 102.66


 0.70


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.80748 4.539795.22141s


LFL       (13846) 18.75 13.0687 11.999815.2957s


LFL Frac  (6923.02) 18.75 17.3576 16.128329.9287s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.9219 4.946954.87513s


LFL       (13846) 18.75 4.29276 4.683522.51043s


LFL Frac  (6923.02) 18.75 3.8709 4.531990s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 5.176754.74381s


LFL       (13846) 18.75 15.280112.6786s


LFL Frac  (6923.02) 18.75 40.375316.7893s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 4.874544.92251s


LFL       (13846) 18.75 2.10374.28391s


LFL Frac  (6923.02) 18.75 03.83536s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.7535 13.830817.5921kW/m2


Radiation Level 4 29.4181 28.108733.2202kW/m2


Radiation Level 12.5 20.6385 19.53124.5632kW/m2


Radiation Level 37.5 14.3098 13.40917.4897kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.592114.7535kW/m2


Radiation Level 4 33.220229.4181kW/m2


Radiation Level 12.5 24.563220.6385kW/m2


Radiation Level 37.5 17.489714.3098kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached 6.58946Not ReachedkW/m2


Radiation Level 4 24.1291 21.866422.4905kW/m2


Radiation Level 12.5 13.0456 13.5214Not ReachedkW/m2


Radiation Level 37.5 Not Reached 5.89384Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 22.490524.1291kW/m2


Radiation Level 12.5 Not Reached13.0456kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 17.3576 16.128329.9287ppm


Furthest Extent 13846 13.0687 11.999815.2957ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 3.8709 4.531990ppm


Furthest Extent 13846 4.29276 4.683522.51043ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 40.375316.7893ppm


Furthest Extent 13846 15.280112.6786ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 03.83536ppm


Furthest Extent 13846 2.10374.28391ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 5.9 bar


Temperature 42 degC


Volume Inventory 0.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 563.79976 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1161.3139 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


9.39666E-001


600.00


44.93


1.01


41.74


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


9.39666E-001


600.00


44.93


1.01


41.74


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


9.39666E-001


600.00


44.93


1.01


41.74


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


9.39666E-001


600.00


44.93


1.01


41.74


0.60


0.14


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 102.66


 0.70


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


9.39666E-001


600.00


1.01


41.74 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 44.93


44.93


0.60


0.14


fraction


degC


m/s


m/s


m


um 102.66


 0.70


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.1075 3.908244.41515s


LFL       (13846) 18.75 11.5312 10.512813.4839s


LFL Frac  (6923.02) 18.75 15.443 14.287618.3936s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 4.94379 4.960864.91181s


LFL       (13846) 18.75 4.45265 4.759323.04109s


LFL Frac  (6923.02) 18.75 4.11244 4.637561.07526s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 4.380764.04254s


LFL       (13846) 18.75 13.38611.2118s


LFL Frac  (6923.02) 18.75 24.495814.9221s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 4.910724.94433s


LFL       (13846) 18.75 2.762124.44196s


LFL Frac  (6923.02) 18.75 04.08732s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 10.8307 9.8770614.641kW/m2


Radiation Level 4 24.7446 23.610328.0122kW/m2


Radiation Level 12.5 17.1817 16.278820.5154kW/m2


Radiation Level 37.5 10.6572 9.7031714.4321kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 14.64110.8307kW/m2


Radiation Level 4 28.012224.7446kW/m2


Radiation Level 12.5 20.515417.1817kW/m2


Radiation Level 37.5 14.432110.6572kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 20.7744 18.788518.8051kW/m2


Radiation Level 12.5 10.9572 11.3744Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 18.805120.7744kW/m2


Radiation Level 12.5 Not Reached10.9572kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 15.443 14.287618.3936ppm


Furthest Extent 13846 11.5312 10.512813.4839ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 4.11244 4.637561.07526ppm


Furthest Extent 13846 4.45265 4.759323.04109ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 24.495814.9221ppm


Furthest Extent 13846 13.38611.2118ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 04.08732ppm


Furthest Extent 13846 2.762124.44196ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-002 MP GAS COMPRESSOR KO DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 5.9 bar


Temperature 42 degC


Volume Inventory 0.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 563.79976 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2845.5968 m


North(1) -1161.3139 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 467.23


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 467.23


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 467.23


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.71


 467.23


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.01


 1.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 563.80 kg


- Pressure 6.91 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.71


 467.23


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.01


 1.00


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 5.91463 6.217415.69573s


LFL       (13846) 18.75 15.1936 21.613311.653s


LFL Frac  (6923.02) 18.75 25.333 40.43115.9907s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 5 55s


LFL       (13846) 18.75 5 55s


LFL Frac  (6923.02) 18.75 5 55s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 5.671425.89159s


LFL       (13846) 18.75 11.554615.0503s


LFL Frac  (6923.02) 18.75 15.862225.4174s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 55s


LFL       (13846) 18.75 55s


LFL Frac  (6923.02) 18.75 55s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status No Hazard No HazardNo Hazard


F 1,5 m/sE 5 m/s


Fireball Flame Status No HazardNo Hazard


121 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 25.333 40.43115.9907ppm


Furthest Extent 13846 15.1936 21.613311.653ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 5 55ppm


Furthest Extent 13846 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 15.862225.4174ppm


Furthest Extent 13846 11.554615.0503ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 55ppm


Furthest Extent 13846 55ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-002 MP GAS COMPRESSOR KO DRUM\110D-002 MP GAS COMPRESSOR KO DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier PROPANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.9 bar


Temperature 42 degC


Volume Inventory 2.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 5 m


Concentration of Interest 10000 ppm


Averaging time associated with Concentration Flammable


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1339.7712 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:
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Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1105.2036 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


1.86080E+000


720.00


84.77


1.01


39.87


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


1.86080E+000


720.00


84.77


1.01


39.87


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


1.86080E+000


720.00


84.77


1.01


39.87


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


1.86080E+000


720.00


84.77


1.01


39.87


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.86080E+000


720.00


1.01


39.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


84.77


0.60


0.02


fraction


degC


m/s


m/s


m


um 75.75


 0.58


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 No Hazard No HazardNo Hazards


UFL       (95000) 18.75 3.17172 3.123093.2246s


LFL       (20000) 18.75 11.9653 10.829513.6915s


LFL Frac  (10000) 18.75 18.8366 16.485123.4679s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 0 00s


UFL       (95000) 18.75 4.99865 4.998814.99848s


LFL       (20000) 18.75 4.94338 4.9684.88499s


LFL Frac  (10000) 18.75 4.81743 4.915014.44872s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 No HazardNo Hazards


UFL       (95000) 18.75 3.21923.16024s


LFL       (20000) 18.75 13.589611.8236s


LFL Frac  (10000) 18.75 23.265118.4778s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 00s


UFL       (95000) 18.75 4.998484.99865s


LFL       (20000) 18.75 4.883384.94299s


LFL Frac  (10000) 18.75 4.424844.81646s
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Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 14.1498 13.362218.141kW/m2


Radiation Level 4 27.3986 26.719731.3791kW/m2


Radiation Level 12.5 20.0412 19.064224.1789kW/m2


Radiation Level 37.5 13.3543 12.424917.956kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 18.14114.1498kW/m2


Radiation Level 4 31.379127.3986kW/m2


Radiation Level 12.5 24.178920.0412kW/m2


Radiation Level 37.5 17.95613.3543kW/m2
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Phast Risk 6.7


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 19.2127 20.168816.7723kW/m2


Radiation Level 12.5 Not Reached 10.5047Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 16.772319.2127kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 18.8366 16.485123.4679ppm


Furthest Extent 20000 11.9653 10.829513.6915ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 4.81743 4.915014.44872ppm


Furthest Extent 20000 4.94338 4.9684.88499ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10000 23.265118.4778ppm


Furthest Extent 20000 13.589611.8236ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10000 4.424844.81646ppm


Furthest Extent 20000 4.883384.94299ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier PROPANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.9 bar


Temperature 42 degC


Volume Inventory 2.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 5 m


Concentration of Interest 10000 ppm


Averaging time associated with Concentration Flammable


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1339.7712 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:
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Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1105.2036 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


2.23295E+000


600.00


84.77


1.01


39.87


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


2.23295E+000


600.00


84.77


1.01


39.87


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


2.23295E+000


600.00


84.77


1.01


39.87


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


2.23295E+000


600.00


84.77


1.01


39.87


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 75.75


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.23295E+000


600.00


1.01


39.87 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.07


 269.74


84.77


0.60


0.10


fraction


degC


m/s


m/s


m


um 75.75


 0.58


Final data (after atmospheric expansion):
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Phast Risk 6.7


Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 No Hazard No HazardNo Hazards


UFL       (95000) 18.75 3.47317 3.414173.53s


LFL       (20000) 18.75 12.9901 11.779714.8669s


LFL Frac  (10000) 18.75 20.3584 17.777125.4807s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 0 00s


UFL       (95000) 18.75 4.99838 4.998574.99818s


LFL       (20000) 18.75 4.93311 4.961814.86656s


LFL Frac  (10000) 18.75 4.78719 4.901274.35231s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 No HazardNo Hazards


UFL       (95000) 18.75 3.524923.46s


LFL       (20000) 18.75 14.736112.8128s


LFL Frac  (10000) 18.75 25.355219.977s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 00s


UFL       (95000) 18.75 4.998184.99838s


LFL       (20000) 18.75 4.865634.93337s


LFL Frac  (10000) 18.75 4.316974.78596s
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Phast Risk 6.7


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.4064 15.340919.9806kW/m2


Radiation Level 4 29.9792 29.300334.2732kW/m2


Radiation Level 12.5 22.0073 20.959826.5187kW/m2


Radiation Level 37.5 15.9644 14.918319.8421kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 19.980616.4064kW/m2


Radiation Level 4 34.273229.9792kW/m2


Radiation Level 12.5 26.518722.0073kW/m2


Radiation Level 37.5 19.842115.9644kW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 20.9163 21.914518.9741kW/m2


Radiation Level 12.5 Not Reached 11.6232Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 18.974120.9163kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


141 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 20.3584 17.777125.4807ppm


Furthest Extent 20000 12.9901 11.779714.8669ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 4.78719 4.901274.35231ppm


Furthest Extent 20000 4.93311 4.961814.86656ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10000 25.355219.977ppm


Furthest Extent 20000 14.736112.8128ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10000 4.316974.78596ppm


Furthest Extent 20000 4.865634.93337ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier PROPANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 14.9 bar


Temperature 42 degC


Volume Inventory 2.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 5 m


Concentration of Interest 10000 ppm


Averaging time associated with Concentration Flammable


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1339.7712 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 22 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:
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Phast Risk 6.7


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2843.9465 m


North(1) -1105.2036 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 257.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 67.51


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 257.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 67.51


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 257.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 67.51


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 257.50


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 67.51


 0.58


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,339.77 kg


- Pressure 15.91 bar


- Temperature  42.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.07


 257.50


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 67.51


 0.58


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 84.7271 122.69236.0183s


UFL       (95000) 18.75 9.96024 12.18068.56629s


LFL       (20000) 18.75 32.4913 53.437217.9505s


LFL Frac  (10000) 18.75 86.9421 133.236.0183s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


User Conc (10000) 18.75 0 00s


UFL       (95000) 18.75 5 55s


LFL       (20000) 18.75 5 55s


LFL Frac  (10000) 18.75 1.00064 3.150310s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 36.71488.3124s


UFL       (95000) 18.75 8.514559.89362s


LFL       (20000) 18.75 17.929332.9583s


LFL Frac  (10000) 18.75 36.71489.6467s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


User Conc (10000) 18.75 00s


UFL       (95000) 18.75 55s


LFL       (20000) 18.75 55s


LFL Frac  (10000) 18.75 00.974933s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 47.9658 47.965847.9658kW/m2


Radiation Level 4 217.998 217.998217.998kW/m2


Radiation Level 12.5 115.643 115.643115.643kW/m2


Radiation Level 37.5 43.7457 43.745743.7457kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 47.965847.9658kW/m2


Radiation Level 4 217.998217.998kW/m2


Radiation Level 12.5 115.643115.643kW/m2


Radiation Level 37.5 43.745743.7457kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 86.9421 133.236.0183ppm


Furthest Extent 20000 32.4913 53.437217.9505ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 1.00064 3.150310ppm


Furthest Extent 20000 5 55ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10000 36.71489.6467ppm


Furthest Extent 20000 17.929332.9583ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10000 00.974933ppm


Furthest Extent 20000 55ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-006 DE-ETHANIZER OVERHEAD DRUM\110D-006 DE-ETHANIZER OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-100 STABILIZER OVERHEAD DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR LPG


Material to Track SOUR LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 8.2 bar


Temperature 43 degC


Volume Inventory 19.1 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 382.16066 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2819.9352 m


North(1) -1117.8352 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


1.81032E-001


2,110.38


217.63


5.51


23.46


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


1.81032E-001


2,110.38


217.63


5.51


23.46


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


1.81032E-001


2,110.38


217.63


5.51


23.46


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


1.81032E-001


2,110.38


217.63


5.51


23.46


0.88


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.81032E-001


2,110.38


5.51


23.46 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):


156 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


217.63


0.88


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 0.721474 0.7236420.719854s


LFL       (18416.7) 18.75 3.50739 3.379683.67418s


LFL Frac  (9208.37) 18.75 6.29864 5.812396.99179s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 6.79998 6.799986.79998s


LFL       (18416.7) 18.75 6.79844 6.798896.79768s


LFL Frac  (9208.37) 18.75 6.79308 6.796166.78568s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 0.7196630.719856s


LFL       (18416.7) 18.75 3.650883.4753s


LFL Frac  (9208.37) 18.75 6.892676.18995s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 6.799986.79998s


LFL       (18416.7) 18.75 6.797686.79844s


LFL Frac  (9208.37) 18.75 6.78586.79318s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 6.29864 5.812396.99179ppm


Furthest Extent 18416.7 3.50739 3.379683.67418ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 6.79308 6.796166.78568ppm


Furthest Extent 18416.7 6.79844 6.798896.79768ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 6.892676.18995ppm


Furthest Extent 18416.7 3.650883.4753ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 6.78586.79318ppm


Furthest Extent 18416.7 6.797686.79844ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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Phast Risk 6.7


110D-100 STABILIZER OVERHEAD DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR LPG


Material to Track SOUR LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 8.2 bar


Temperature 43 degC


Volume Inventory 19.1 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 382.16066 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2819.9352 m


North(1) -1117.8352 m
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Phast Risk 6.7


Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


6.36744E-001


600.00


217.63


5.51


23.46


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:
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Phast Risk 6.7


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


6.36744E-001


600.00


217.63


5.51


23.46


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


6.36744E-001


600.00


217.63


5.51


23.46


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


165 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


6.36744E-001


600.00


217.63


5.51


23.46


0.88


0.04


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


6.36744E-001


600.00


5.51


23.46 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-17.91


 389.26


217.63


0.88


0.04


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 1.34313 1.340911.34526s


LFL       (18416.7) 18.75 6.38715 6.036716.79336s


LFL Frac  (9208.37) 18.75 11.133 10.122912.7457s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 6.79992 6.799936.79992s


LFL       (18416.7) 18.75 6.79484 6.796536.79215s


LFL Frac  (9208.37) 18.75 6.77884 6.788566.75322s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 1.344841.33995s


LFL       (18416.7) 18.75 6.742446.31964s


LFL Frac  (9208.37) 18.75 12.535210.9117s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 6.799926.79992s


LFL       (18416.7) 18.75 6.792186.79488s


LFL Frac  (9208.37) 18.75 6.753976.77933s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s
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Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2
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Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 11.133 10.122912.7457ppm


Furthest Extent 18416.7 6.38715 6.036716.79336ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 6.77884 6.788566.75322ppm


Furthest Extent 18416.7 6.79484 6.796536.79215ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 12.535210.9117ppm


Furthest Extent 18416.7 6.742446.31964ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 6.753976.77933ppm


Furthest Extent 18416.7 6.792186.79488ppm


Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-100 STABILIZER OVERHEAD DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier SOUR LPG


Material to Track SOUR LPG


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 8.2 bar


Temperature 43 degC


Volume Inventory 19.1 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Supply probability of non-ignition Calculate non-ignition probability


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Both


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 382.16066 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 12.1 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2819.9352 m


North(1) -1117.8352 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-32.48


 335.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-32.48


 335.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-32.48


 335.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-32.48


 335.15


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 382.05 kg


- Pressure 9.21 bar


- Temperature  43.00 degC


Material SOUR LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-32.48


 335.15


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 5.56342 6.217755.22978s


LFL       (18416.7) 18.75 16.6123 26.441110.59s


LFL Frac  (9208.37) 18.75 30.105 51.891215.2336s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (94972.8) 18.75 6.8 6.86.8s


LFL       (18416.7) 18.75 6.8 6.86.8s


LFL Frac  (9208.37) 18.75 6.8 6.86.8s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 5.20985.53714s


LFL       (18416.7) 18.75 10.46216.4476s


LFL Frac  (9208.37) 18.75 15.095130.2402s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (94972.8) 18.75 6.86.8s


LFL       (18416.7) 18.75 6.86.8s


LFL Frac  (9208.37) 18.75 6.86.8s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 18.9043 18.904318.9043kW/m2


Radiation Level 4 126.636 126.636126.636kW/m2


Radiation Level 12.5 64.5245 64.524564.5245kW/m2


Radiation Level 37.5 13.9301 13.930113.9301kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 18.904318.9043kW/m2


Radiation Level 4 126.636126.636kW/m2


Radiation Level 12.5 64.524564.5245kW/m2


Radiation Level 37.5 13.930113.9301kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 30.105 51.891215.2336ppm


Furthest Extent 18416.7 16.6123 26.441110.59ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9208.37 6.8 6.86.8ppm


Furthest Extent 18416.7 6.8 6.86.8ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 15.095130.2402ppm


Furthest Extent 18416.7 10.46216.4476ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9208.37 6.86.8ppm


Furthest Extent 18416.7 6.86.8ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-100 STABILIZER OVERHEAD DRUM\110D-100 STABILIZER OVERHEAD DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-201 LPG/AMINE SETTLER DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.7 bar


Temperature 55 degC


Volume Inventory 16.9 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 0 m


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 7904.7049 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.4604 m


North(1) -1125.0097 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.97073E+000


3,600.00


88.61


1.01


52.77


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.97073E+000


3,600.00


88.61


1.01


52.77


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.97073E+000


3,600.00


88.61


1.01


52.77


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.97073E+000


3,600.00


88.61


1.01


52.77


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.97073E+000


3,600.00


1.01


52.77 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


88.61


0.60


0.02


fraction


degC


m/s


m/s


m


um 79.97


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 3.11793 3.08833.14666s


LFL       (18181.8) 18.75 12.7625 11.751714.3857s


LFL Frac  (9090.91) 18.75 20.3578 18.039624.8577s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 6.79871 6.798846.79857s


LFL       (18181.8) 18.75 6.73562 6.762446.67174s


LFL Frac  (9090.91) 18.75 6.58873 6.700916.17158s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 3.142433.10637s


LFL       (18181.8) 18.75 14.246712.5419s


LFL Frac  (9090.91) 18.75 24.424319.9057s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 6.798576.79871s


LFL       (18181.8) 18.75 6.672056.73748s


LFL Frac  (9090.91) 18.75 6.174786.59366s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 11.8688 10.8395Not ReachedkW/m2


Radiation Level 4 27.8541 27.084931.7694kW/m2


Radiation Level 12.5 19.6273 18.654823.6187kW/m2


Radiation Level 37.5 11.17 10.287Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached11.8688kW/m2


Radiation Level 4 31.769427.8541kW/m2


Radiation Level 12.5 23.618719.6273kW/m2


Radiation Level 37.5 Not Reached11.17kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 17.9924 19.131616.4171kW/m2


Radiation Level 12.5 Not Reached 7.69049Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 16.417117.9924kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 20.3578 18.039624.8577ppm


Furthest Extent 18181.8 12.7625 11.751714.3857ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 6.58873 6.700916.17158ppm


Furthest Extent 18181.8 6.73562 6.762446.67174ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 24.424319.9057ppm


Furthest Extent 18181.8 14.246712.5419ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 6.174786.59366ppm


Furthest Extent 18181.8 6.672056.73748ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-201 LPG/AMINE SETTLER DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.7 bar


Temperature 55 degC


Volume Inventory 16.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Liquid


Building Wake Effect None


Tank Head 0 m


Duration for fixed duration scenario 600 s


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 7904.7049 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires
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Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.4604 m


North(1) -1125.0097 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.31745E+001


600.00


88.61


1.01


52.77


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.31745E+001


600.00


88.61


1.01


52.77


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.31745E+001


600.00


88.61


1.01


52.77


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


1.31745E+001


600.00


88.61


1.01


52.77


0.60


0.10


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 79.97


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.31745E+001


600.00


1.01


52.77 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 264.23


88.61


0.60


0.10


fraction


degC


m/s


m/s


m


um 79.97


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 7.93664 7.748158.1439s


LFL       (18181.8) 18.75 30.0678 26.945935.5096s


LFL Frac  (9090.91) 18.75 45.1431 39.262162.9436s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 6.7914 6.792586.78998s


LFL       (18181.8) 18.75 6.43891 6.599836.00885s


LFL Frac  (9090.91) 18.75 5.79529 6.337413.43462s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 8.125727.89493s


LFL       (18181.8) 18.75 35.364529.5363s


LFL Frac  (9090.91) 18.75 65.776844.5086s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 6.790026.7915s


LFL       (18181.8) 18.75 5.998576.4495s


LFL Frac  (9090.91) 18.75 3.063635.79638s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 40.8187 38.546250.6897kW/m2


Radiation Level 4 69.8771 68.54478.803kW/m2


Radiation Level 12.5 51.7837 49.795661.5004kW/m2


Radiation Level 37.5 40.1726 37.893650.0353kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 50.689740.8187kW/m2


Radiation Level 4 78.80369.8771kW/m2


Radiation Level 12.5 61.500451.7837kW/m2


Radiation Level 37.5 50.035340.1726kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


198 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 43.2624 45.077947.4821kW/m2


Radiation Level 12.5 19.3977 25.4236Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 47.482143.2624kW/m2


Radiation Level 12.5 Not Reached19.3977kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 45.1431 39.262162.9436ppm


Furthest Extent 18181.8 30.0678 26.945935.5096ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 5.79529 6.337413.43462ppm


Furthest Extent 18181.8 6.43891 6.599836.00885ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 65.776844.5086ppm


Furthest Extent 18181.8 35.364529.5363ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 3.063635.79638ppm


Furthest Extent 18181.8 5.998576.4495ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-201 LPG/AMINE SETTLER DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Dispersion
Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 58 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2820.4604 m


North(1) -1125.0097 m


Material
Material Identifier LPG


Material to Track LPG


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 16.7 bar


Temperature 55 degC


Volume Inventory 16.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Liquid


Building Wake Effect None


Location
Elevation 6.8 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:
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[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 7904.7049 kg
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.39


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 250.35


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 70.51


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.64


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 250.35


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 70.51


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.35


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 250.35


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 70.51


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.44


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-35.28


 250.35


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 70.51


 0.53


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 7,904.71 kg


- Pressure 17.71 bar


- Temperature  55.00 degC


Material LPG


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.23


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-35.28


 250.35


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 70.51


 0.53


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 18.3757 22.694715.6898s


LFL       (18181.8) 18.75 65.5034 108.69334.2153s


LFL Frac  (9090.91) 18.75 172.297 261.82371.0411s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (93442.6) 18.75 6.8 6.86.8s


LFL       (18181.8) 18.75 6.8 6.86.8s


LFL Frac  (9090.91) 18.75 0 1.017410s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 15.793518.5847s


LFL       (18181.8) 18.75 36.171569.9378s


LFL Frac  (9090.91) 18.75 81.1994187.232s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (93442.6) 18.75 6.86.8s


LFL       (18181.8) 18.75 6.86.8s


LFL Frac  (9090.91) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 120.586 120.586120.586kW/m2


Radiation Level 4 449.523 449.523449.523kW/m2


Radiation Level 12.5 246.67 246.67246.67kW/m2


Radiation Level 37.5 112.918 112.918112.918kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 120.586120.586kW/m2


Radiation Level 4 449.523449.523kW/m2


Radiation Level 12.5 246.67246.67kW/m2


Radiation Level 37.5 112.918112.918kW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 172.297 261.82371.0411ppm


Furthest Extent 18181.8 65.5034 108.69334.2153ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 9090.91 0 1.017410ppm


Furthest Extent 18181.8 6.8 6.86.8ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 81.1994187.232ppm


Furthest Extent 18181.8 36.171569.9378ppm


F 1,5 m/sE 5 m/s


Furthest Extent 9090.91 00ppm


Furthest Extent 18181.8 6.86.8ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-201 LPG/AMINE SETTLER DRUM\110D-201 LPG/AMINE SETTLER DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 136 degC


Volume Inventory 17.9 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 79.81233 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


210 238 of Date: 9/26/2012 Time:  3:57:46PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2846.3504 m


North(1) -1189.7243 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


3.74338E-002


2,129.75


220.73


1.26


122.54


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


3.74338E-002


2,129.75


220.73


1.26


122.54


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


3.74338E-002


2,129.75


220.73


1.26


122.54


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


3.74338E-002


2,129.75


220.73


1.26


122.54


0.80


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.74338E-002


2,129.75


1.26


122.54 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


220.73


0.80


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.299379 0.2964950.303936s


LFL       (13846) 18.75 1.53335 1.386821.74116s


LFL Frac  (6923.02) 18.75 2.5248 2.180043.15971s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.999997 0.9999970.999997s


LFL       (13846) 18.75 0.999967 0.9999750.999957s


LFL Frac  (6923.02) 18.75 0.999984 0.9999781.00005s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.3034940.298523s


LFL       (13846) 18.75 1.740531.51731s


LFL Frac  (6923.02) 18.75 3.163122.48264s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.9999970.999997s


LFL       (13846) 18.75 0.9999540.999966s


LFL Frac  (6923.02) 18.75 1.000050.999984s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 2.23645 3.04764Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached2.23645kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 2.5248 2.180043.15971ppm


Furthest Extent 13846 1.53335 1.386821.74116ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 0.999984 0.9999781.00005ppm


Furthest Extent 13846 0.999967 0.9999750.999957ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 3.163122.48264ppm


Furthest Extent 13846 1.740531.51731ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 1.000050.999984ppm


Furthest Extent 13846 0.9999540.999966ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 136 degC


Volume Inventory 17.9 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 79.81233 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2846.3504 m


North(1) -1189.7243 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


1.32874E-001


600.00


220.73


1.26


122.54


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


1.32874E-001


600.00


220.73


1.26


122.54


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


1.32874E-001


600.00


220.73


1.26


122.54


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


1.32874E-001


600.00


220.73


1.26


122.54


0.80


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.32874E-001


600.00


1.26


122.54 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 117.08


 261.59


220.73


0.80


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.56199 0.5505070.57268s


LFL       (13846) 18.75 2.74457 2.430513.20742s


LFL Frac  (6923.02) 18.75 4.38763 3.714455.70591s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.99999 0.9999910.999989s


LFL       (13846) 18.75 0.999892 0.9999190.999851s


LFL Frac  (6923.02) 18.75 0.999932 0.9999231.00012s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.5723160.559984s


LFL       (13846) 18.75 3.215442.72016s


LFL Frac  (6923.02) 18.75 5.735094.32284s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.9999890.99999s


LFL       (13846) 18.75 0.999840.999886s


LFL Frac  (6923.02) 18.75 1.000130.999929s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 5.868 6.099575.54333kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 5.543335.868kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 4.8466 5.81462Not ReachedkW/m2


Radiation Level 12.5 Not Reached 3.14307Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached4.8466kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 4.38763 3.714455.70591ppm


Furthest Extent 13846 2.74457 2.430513.20742ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 0.999932 0.9999231.00012ppm


Furthest Extent 13846 0.999892 0.9999190.999851ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 5.735094.32284ppm


Furthest Extent 13846 3.215442.72016ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 1.000130.999929ppm


Furthest Extent 13846 0.999840.999886ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 79.81233 kg


Use Burst Pressure Yes - Supply burst pressure for fireball


Burst Pressure - gauge 4.2 bar


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2846.3504 m


North(1) -1189.7243 m


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.1 bar


Temperature 136 degC


Volume Inventory 17.9 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:
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Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.02


 138.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.02


 138.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.02


 138.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 117.02


 138.86


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 79.72 kg


- Pressure 2.11 bar


- Temperature  136.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 117.02


 138.86


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 3.88657 4.795443.58763s


LFL       (13846) 18.75 36.0822 44.382728.7997s


LFL Frac  (6923.02) 18.75 68.5259 77.018559.5354s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 1 11s


LFL       (13846) 18.75 1.05535 1.019221.49351s


LFL Frac  (6923.02) 18.75 1.23714 1.074023.47968s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 3.566523.81888s


LFL       (13846) 18.75 57.211646.1209s


LFL Frac  (6923.02) 18.75 117.42393.062s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 11s


LFL       (13846) 18.75 3.935621.13698s


LFL Frac  (6923.02) 18.75 12.16481.53485s


Fireball Hazard


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 60.2363 60.236360.2363kW/m2


Radiation Level 12.5 27.4764 27.476427.4764kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 60.236360.2363kW/m2


Radiation Level 12.5 27.476427.4764kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 68.5259 77.018559.5354ppm


Furthest Extent 13846 36.0822 44.382728.7997ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 1.23714 1.074023.47968ppm


Furthest Extent 13846 1.05535 1.019221.49351ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 117.42393.062ppm


Furthest Extent 13846 57.211646.1209ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 12.16481.53485ppm


Furthest Extent 13846 3.935621.13698ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-110 SGP\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM\110D-300 LIGHT HC CLOSED DRAIN SUMP DRUM_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


U-100 CDU/VDU CRUDE DISTILLATION UNIT/VACUUM 


DISTILLATION UNIT


100C-001 CRUDE TOWER_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 2 bar


Temperature 370 degC


Volume Inventory 228.5 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-5 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:
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Mass Inventory of material to Disperse 1524.6953 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2918.4909 m


North(1) -1364.445 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


5.70352E-002


3,600.00


213.37


1.82


361.42


0.84


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


5.70352E-002


3,600.00


213.37


1.82


361.42


0.84


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


5.70352E-002


3,600.00


213.37


1.82


361.42


0.84


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


5.70352E-002


3,600.00


213.37


1.82


361.42


0.84


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.70352E-002


3,600.00


1.82


361.42 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


213.37


0.84


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 0.254724 0.2520320.257169s


LFL       (8105.26) 18.75 1.69372 1.528621.92862s


LFL Frac  (4052.63) 18.75 2.84138 2.443823.56696s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1 11s


LFL       (8105.26) 18.75 1.00173 1.001071.00307s


LFL Frac  (4052.63) 18.75 1.00714 1.003511.01877s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 0.2570260.25395s


LFL       (8105.26) 18.75 1.930871.68025s


LFL Frac  (4052.63) 18.75 3.583172.80216s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 11s


LFL       (8105.26) 18.75 1.003271.00183s


LFL Frac  (4052.63) 18.75 1.021161.00779s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 2.79971 3.53957Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached2.79971kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 2.84138 2.443823.56696ppm


Furthest Extent 8105.26 1.69372 1.528621.92862ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 1.00714 1.003511.01877ppm


Furthest Extent 8105.26 1.00173 1.001071.00307ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 3.583172.80216ppm


Furthest Extent 8105.26 1.930871.68025ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 1.021161.00779ppm


Furthest Extent 8105.26 1.003271.00183ppm


9 58 of Date: 9/26/2012 Time:  3:56:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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100C-001 CRUDE TOWER_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 2 bar


Temperature 370 degC


Volume Inventory 228.5 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1524.6953 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


11 58 of Date: 9/26/2012 Time:  3:56:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2918.4909 m


North(1) -1364.445 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


2.53921E+000


600.00


213.37


1.82


361.42


0.84


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


2.53921E+000


600.00


213.37


1.82


361.42


0.84


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


2.53921E+000


600.00


213.37


1.82


361.42


0.84


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


2.53921E+000


600.00


213.37


1.82


361.42


0.84


0.03


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.53921E+000


600.00


1.82


361.42 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 352.43


 306.93


213.37


0.84


0.03


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1.58738 1.539041.63586s


LFL       (8105.26) 18.75 10.4116 8.66912.8345s


LFL Frac  (4052.63) 18.75 22.7675 19.706726.4614s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1.00013 1.000121.00015s


LFL       (8105.26) 18.75 1.0659 1.033041.14354s


LFL Frac  (4052.63) 18.75 1.55914 1.271552.21681s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 1.636821.58446s


LFL       (8105.26) 18.75 13.117510.5284s


LFL Frac  (4052.63) 18.75 27.303423.2331s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 1.000151.00013s


LFL       (8105.26) 18.75 1.167131.07369s


LFL Frac  (4052.63) 18.75 2.625041.68314s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 20.085 23.445717.3264kW/m2


Radiation Level 4 29.3085 29.468828.7718kW/m2


Radiation Level 12.5 24.1154 25.908222.1287kW/m2


Radiation Level 37.5 19.8989 23.13716.9617kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 17.326420.085kW/m2


Radiation Level 4 28.771829.3085kW/m2


Radiation Level 12.5 22.128724.1154kW/m2


Radiation Level 37.5 16.961719.8989kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 20.2487 21.986814.0543kW/m2


Radiation Level 12.5 8.58946 12.8401Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 14.054320.2487kW/m2


Radiation Level 12.5 Not Reached8.58946kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 22.7675 19.706726.4614ppm


Furthest Extent 8105.26 10.4116 8.66912.8345ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 1.55914 1.271552.21681ppm


Furthest Extent 8105.26 1.0659 1.033041.14354ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 27.303423.2331ppm


Furthest Extent 8105.26 13.117510.5284ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 2.625041.68314ppm


Furthest Extent 8105.26 1.167131.07369ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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100C-001 CRUDE TOWER_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HEAVY NAPHTHA


Material to Track HEAVY NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 2 bar


Temperature 370 degC


Volume Inventory 228.5 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 1524.6953 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2918.4909 m


North(1) -1364.445 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 351.75


 195.14


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 351.75


 195.14


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 351.75


 195.14


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s


24 58 of Date: 9/26/2012 Time:  3:56:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 351.75


 195.14


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 1,523.53 kg


- Pressure 3.01 bar


- Temperature  370.00 degC


Material HEAVY NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 351.75


 195.14


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 11.2694 12.070710.9203s


LFL       (8105.26) 18.75 45.5348 80.398422.0385s


LFL Frac  (4052.63) 18.75 86.8196 152.69435.0201s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (63158.1) 18.75 1 11s


LFL       (8105.26) 18.75 1.48017 3.40991s


LFL Frac  (4052.63) 18.75 20.994 19.731913.2364s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 10.945111.3315s


LFL       (8105.26) 18.75 22.164746.7702s


LFL Frac  (4052.63) 18.75 37.291392.0371s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (63158.1) 18.75 11s


LFL       (8105.26) 18.75 11.47963s


LFL Frac  (4052.63) 18.75 21.63621.0517s


Fireball Hazard


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 156.609 156.609156.609kW/m2


Radiation Level 12.5 72.1761 72.176172.1761kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 156.609156.609kW/m2


Radiation Level 12.5 72.176172.1761kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 86.8196 152.69435.0201ppm


Furthest Extent 8105.26 45.5348 80.398422.0385ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 4052.63 20.994 19.731913.2364ppm


Furthest Extent 8105.26 1.48017 3.40991ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 37.291392.0371ppm


Furthest Extent 8105.26 22.164746.7702ppm


F 1,5 m/sE 5 m/s


Furthest Extent 4052.63 21.63621.0517ppm


Furthest Extent 8105.26 11.47963ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100C-001 CRUDE TOWER\100C-001 CRUDE TOWER_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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100D-006 SECOND STAGE ACCUMULATOR_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.5 bar


Temperature 42 degC


Volume Inventory 130.6 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 10 mm


Building Wake Effect None


Location
Elevation 7.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 0.0001 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 950.76803 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2885.204 m


North(1) -1323.0435 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.40


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


5.35528E-002


3,600.00


188.37


1.50


28.20


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.68


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


5.35528E-002


3,600.00


188.37


1.50


28.20


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.42


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


5.35528E-002


3,600.00


188.37


1.50


28.20


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.50


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


5.35528E-002


3,600.00


188.37


1.50


28.20


0.82


0.00


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.26


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


5.35528E-002


3,600.00


1.50


28.20 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


188.37


0.82


0.00


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 0.416789 0.421370.41257s


LFL       (13846) 18.75 2.24092 2.171662.33148s


LFL Frac  (6923.02) 18.75 3.97642 3.715954.38673s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 7.09998 7.099987.09998s


LFL       (13846) 18.75 7.0987 7.099137.09793s


LFL Frac  (6923.02) 18.75 7.09501 7.097347.08844s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 0.4126480.415578s


LFL       (13846) 18.75 2.31232.21412s


LFL Frac  (6923.02) 18.75 4.313663.89519s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 7.099987.09998s


LFL       (13846) 18.75 7.097937.09871s


LFL Frac  (6923.02) 18.75 7.08857.09509s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not ReachedNot ReachedkW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 3.97642 3.715954.38673ppm


Furthest Extent 13846 2.24092 2.171662.33148ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 7.09501 7.097347.08844ppm


Furthest Extent 13846 7.0987 7.099137.09793ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 4.313663.89519ppm


Furthest Extent 13846 2.31232.21412ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 7.08857.09509ppm


Furthest Extent 13846 7.097937.09871ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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100D-006 SECOND STAGE ACCUMULATOR_LEAK10MIN


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.5 bar


Temperature 42 degC


Volume Inventory 130.6 m3


Scenario
Scenario Type Fixed duration release


Phase to be Released Vapor


Building Wake Effect None


Duration for fixed duration scenario 600 s


Location
Elevation 7.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 950.76803 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:
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[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2885.204 m


North(1) -1323.0435 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.40


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


1.58305E+000


600.00


188.37


1.50


28.20


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.68


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


1.58305E+000


600.00


188.37


1.50


28.20


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.42


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


1.58305E+000


600.00


188.37


1.50


28.20


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.50


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


1.58305E+000


600.00


188.37


1.50


28.20


0.82


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration s600.00


Fixed duration releaseScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.26


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.58305E+000


600.00


1.50


28.20 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 18.44


 247.07


188.37


0.82


0.02


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 2.20909 2.197532.22033s


LFL       (13846) 18.75 10.8417 10.032912.1116s


LFL Frac  (6923.02) 18.75 17.7255 15.730721.4829s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 7.09951 7.099557.09947s


LFL       (13846) 18.75 7.0708 7.082267.04488s


LFL Frac  (6923.02) 18.75 7.00662 7.05486.83605s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 2.218342.20174s


LFL       (13846) 18.75 11.987310.6492s


LFL Frac  (6923.02) 18.75 21.045917.3124s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 7.099477.09951s


LFL       (13846) 18.75 7.044937.0716s


LFL Frac  (6923.02) 18.75 6.839617.00898s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


46 58 of Date: 9/26/2012 Time:  3:56:12PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 22.2026 22.076420.5086kW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 20.508622.2026kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 10.1259 14.9834Not ReachedkW/m2


Radiation Level 12.5 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 Not Reached10.1259kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 17.7255 15.730721.4829ppm


Furthest Extent 13846 10.8417 10.032912.1116ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 7.00662 7.05486.83605ppm


Furthest Extent 13846 7.0708 7.082267.04488ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 21.045917.3124ppm


Furthest Extent 13846 11.987310.6492ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 6.839617.00898ppm


Furthest Extent 13846 7.044937.0716ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_LEAK10MINPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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100D-006 SECOND STAGE ACCUMULATOR_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier LPG_NAPHTHA


Material to Track LPG_NAPHTHA


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.5 bar


Temperature 42 degC


Volume Inventory 130.6 m3


Scenario
Scenario Type Catastrophic rupture


Phase to be Released Vapor


Building Wake Effect None


Location
Elevation 7.1 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Event Frequency 5E-6 /AvgeYear


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


Bund Height 0.3 m


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 950.76803 kg


Use Burst Pressure No - Use release pressure for fireball


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:
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[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


Geometry
Shape Point


Dimension 2D


System Absolute


East(1) 2885.204 m


North(1) -1323.0435 m
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.40


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.12


 143.99


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.68


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.12


 143.99


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 8.42


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.12


 143.99


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.50


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 18.12


 143.99


n/a


n/a


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Catastrophic ruptureScenario


Inventory 949.83 kg


- Pressure 2.51 bar


- Temperature  42.00 degC


Material LPG_NAPHTHA


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.26


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


n/a


n/a


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 18.12


 143.99


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 8.31622 11.27187.01441s


LFL       (13846) 18.75 69.8837 109.50832.2768s


LFL Frac  (6923.02) 18.75 137.602 186.908100.262s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (82608.4) 18.75 7.1 7.17.1s


LFL       (13846) 18.75 1.34249 2.581380s


LFL Frac  (6923.02) 18.75 0 1.070s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 6.974658.25405s


LFL       (13846) 18.75 31.53867.724s


LFL Frac  (6923.02) 18.75 92.9806133.809s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (82608.4) 18.75 7.17.1s


LFL       (13846) 18.75 01.16253s


LFL Frac  (6923.02) 18.75 00s


Fireball Hazard


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Fireball Flame Status Hazard HazardHazard


F 1,5 m/sE 5 m/s


Fireball Flame Status HazardHazard
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Radiation Effects: Fireball Ellipse


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 127.909 127.909127.909kW/m2


Radiation Level 12.5 56.9195 56.919556.9195kW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 127.909127.909kW/m2


Radiation Level 12.5 56.919556.9195kW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Radiation Effects: Fireball Distance


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


Radiation Level (kW/m2)


D 5 m/s D 9 m/sD 1,5 m/s


F 1,5 m/sE 5 m/s


Flash Fire Envelope


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 137.602 186.908100.262ppm


Furthest Extent 13846 69.8837 109.50832.2768ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 6923.02 0 1.070ppm


Furthest Extent 13846 1.34249 2.581380ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 92.9806133.809ppm


Furthest Extent 13846 31.53867.724ppm


F 1,5 m/sE 5 m/s


Furthest Extent 6923.02 00ppm


Furthest Extent 13846 01.16253ppm
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Weather Conditions


\REFINERY_FINAL rev 01\U-100 CDU/VDU\100D-006 SECOND STAGE ACCUMULATOR\100D-006 SECOND STAGE ACCUMULATOR_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 (RunRow Nacht)Major Hazard QRA STAR Refinery


PIPELINES


LPG PIPELINE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier PROPANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 21.1 bar


Temperature 38 degC


Volume Inventory 15.7 m3


Scenario
Scenario Type Leak


Phase to be Released Liquid


Hole Diameter 10 mm


Building Wake Effect None


Tank Head 15 m


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Probability of this event compared with others in this group 0.9 fraction


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:
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Mass Inventory of material to Disperse 7366.1501 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,366.15 kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 260.83


2.25441E+000


3,267.43


100.94


1.01


35.27


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 80.30


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,366.15 kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 260.83


2.25441E+000


3,267.43


100.94


1.01


35.27


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 80.30


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,366.15 kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 260.83


2.25441E+000


3,267.43


100.94


1.01


35.27


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 80.30


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,366.15 kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 260.83


2.25441E+000


3,267.43


100.94


1.01


35.27


0.60


0.02


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 80.30


 0.60


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 7,366.15 kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


2.25441E+000


3,267.43


1.01


35.27 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.07


 260.83


100.94


0.60


0.02


fraction


degC


m/s


m/s


m


um 80.30


 0.60


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95000) 18.75 3.55343 3.493193.62541s


LFL       (20000) 18.75 13.2072 11.936515.1838s


LFL Frac  (10000) 18.75 20.563 17.951825.801s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95000) 18.75 4.99818 4.998394.99792s


LFL       (20000) 18.75 4.9261 4.95864.84797s


LFL Frac  (10000) 18.75 4.77015 4.894164.28736s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95000) 18.75 3.618973.5396s


LFL       (20000) 18.75 15.055513.0262s


LFL Frac  (10000) 18.75 25.696620.1801s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95000) 18.75 4.997914.99818s


LFL       (20000) 18.75 4.846684.9262s


LFL Frac  (10000) 18.75 4.245314.76852s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s


7 38 of Date: 9/26/2012 Time:  4:21:28PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.662 15.577620.2244kW/m2


Radiation Level 4 30.3707 29.686434.687kW/m2


Radiation Level 12.5 22.28 21.223826.8366kW/m2


Radiation Level 37.5 16.2418 15.163620.091kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 20.224416.662kW/m2


Radiation Level 4 34.68730.3707kW/m2


Radiation Level 12.5 26.836622.28kW/m2


Radiation Level 37.5 20.09116.2418kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical


8 38 of Date: 9/26/2012 Time:  4:21:28PM







SUMMARY REPORT Unique Audit Number:    


Study Folder:    REFINERY_FINAL rev 01 (RunRow Nacht)


 4,966,781


Phast Risk 6.7


Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 Not Reached Not ReachedNot ReachedkW/m2


Radiation Level 4 20.958 22.318619.3073kW/m2


Radiation Level 12.5 Not Reached 11.8945Not ReachedkW/m2


Radiation Level 37.5 Not Reached Not ReachedNot ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not ReachedNot ReachedkW/m2


Radiation Level 4 19.307320.958kW/m2


Radiation Level 12.5 Not ReachedNot ReachedkW/m2


Radiation Level 37.5 Not ReachedNot ReachedkW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 20.563 17.951825.801ppm


Furthest Extent 20000 13.2072 11.936515.1838ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 4.77015 4.894164.28736ppm


Furthest Extent 20000 4.9261 4.95864.84797ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10000 25.696620.1801ppm


Furthest Extent 20000 15.055513.0262ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10000 4.245314.76852ppm


Furthest Extent 20000 4.846684.9262ppm
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Weather Conditions


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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LPG PIPELINE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier PROPANE


Type of Vessel Padded Liquid


Pressure Specification Pressure specified


Storage Pressure - gauge 21.1 bar


Temperature 38 degC


Scenario
Scenario Type Long Pipeline


Phase to be Released Liquid


Building Wake Effect None


Pipe
Internal Diameter 100 mm


Line length 2000 m


Distance To Break 50 m


Relative Aperture 0.5 fraction


Pumped Inflow 8.55 kg/s


Use Ambient Temperature Do not use ambient temperature


Vessel/Tank
Duration of Interest 1800 s


Method Used for Time Varying Releases Average between 2 times


1st Time for Time-Varying Release 0 s


2nd Time for Time-Varying Release 20 s


Location
[Elevation 1 m]


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Ignore Fireball Risks - Eg. if a mounded tank Do BLEVE calculations


Probability of Immediate Ignition Stationary - use material reactivity


Type of Risk Effects to Model Flammable


Probability of this event compared with others in this group 0.1 fraction


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:
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Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.96


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 215.19


3.48646E+001


650.74


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 4.00


 0.57


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)  3.21


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 215.19


3.48646E+001


650.74


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 4.00


 0.57


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 5.77


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 215.19


3.48646E+001


650.74


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 4.00


 0.57


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  2.45


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-42.07


 215.19


3.48646E+001


650.74


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 4.00


 0.57


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 22.11 bar


- Temperature  38.00 degC


Material PROPANE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Non-saturated liquid


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 0.46


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


3.48646E+001


650.74


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-42.07


 215.19


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 4.00


 0.57


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95000) 18.75 15.5924 14.329516.7348s


LFL       (20000) 18.75 109.328 109.38599.4784s


LFL Frac  (10000) 18.75 216.894 184.83205.453s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


UFL       (95000) 18.75 0.949618 0.958930.93941s


LFL       (20000) 18.75 0 0.1577710s


LFL Frac  (10000) 18.75 0 00s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


UFL       (95000) 18.75 16.803515.6031s


LFL       (20000) 18.75 105.484113.249s


LFL Frac  (10000) 18.75 214.846218.004s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


UFL       (95000) 18.75 0.9377070.94892s


LFL       (20000) 18.75 00s


LFL Frac  (10000) 18.75 00s


Radiation Effects: Jet Fire Distance


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


Radiation Level (kW/m2)


D 1,5 m/s D 5 m/sD 1,5 m/s


D 9 m/s D 9 m/sD 5 m/s


E 5 m/s F 1,5 m/sE 5 m/s


F 1,5 m/s
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Jet Fire Hazard (User defined direction)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Truncated TruncatedTruncated


Flame Direction Horizontal HorizontalHorizontal


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status TruncatedTruncated


Flame Direction HorizontalHorizontal


Radiation Effects: Jet Fire Ellipse (User defined direction)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 71.6552 67.702388.2746kW/m2


Radiation Level 4 115.64 113.35130.009kW/m2


Radiation Level 12.5 87.357 83.9794103.323kW/m2


Radiation Level 37.5 70.8258 66.841987.465kW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 88.274671.6552kW/m2


Radiation Level 4 130.009115.64kW/m2


Radiation Level 12.5 103.32387.357kW/m2


Radiation Level 37.5 87.46570.8258kW/m2


Jet Fire Hazard (Special Vertical Jet)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


Jet fire method used: Cone model - DNV recommended


D 5 m/s D 9 m/sD 1,5 m/s


Jet Fire Status Hazard HazardHazard


Flame Direction Vertical VerticalVertical


Jet fire method used: Cone model - DNV recommended


F 1,5 m/sE 5 m/s


Jet Fire Status HazardHazard


Flame Direction VerticalVertical
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Radiation Effects: Jet Fire Ellipse (Special Vertical Jet)


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


This table gives the distances to the specified radiation levels


for each jet fire listed in the above hazard table


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Radiation Level 35 16.7645 29.9694Not ReachedkW/m2


Radiation Level 4 72.8852 76.764182.5575kW/m2


Radiation Level 12.5 42.8989 46.068937.0181kW/m2


Radiation Level 37.5 13.9845 28.9259Not ReachedkW/m2


F 1,5 m/sE 5 m/s


Radiation Level 35 Not Reached16.7645kW/m2


Radiation Level 4 82.557572.8852kW/m2


Radiation Level 12.5 37.018142.8989kW/m2


Radiation Level 37.5 Not Reached13.9845kW/m2


Flash Fire Envelope


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


All flammable results are reported at the cloud centreline height


Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 216.894 184.83205.453ppm


Furthest Extent 20000 109.328 109.38599.4784ppm


Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Furthest Extent 10000 0 00ppm


Furthest Extent 20000 0 0.1577710ppm


All flammable results are reported at the cloud centreline height


F 1,5 m/sE 5 m/s


Furthest Extent 10000 214.846218.004ppm


Furthest Extent 20000 105.484113.249ppm


F 1,5 m/sE 5 m/s


Furthest Extent 10000 00ppm


Furthest Extent 20000 00ppm
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Weather Conditions


\REFINERY_FINAL rev 01\PIPELINES\LPG\LPG PIPELINE ROUTE\LPG_TRANSFER\LPG PIPELINE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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PIPELINE ROUTE


Base Case


DataCASE Name:


User-Defined Data


Geometry
Shape Polyline


Dimension 2D


System Absolute


East(1) 2377.1517 m


East(2) 2427.1917 m


East(3) 2539.208 m


East(4) 2490.5452 m


North(1) -1038.9751 m


North(2) -958.6355 m


North(3) -1028.4161 m


North(4) -1108.7557 m


Route Segment
Model Group SOUR GAS TRANSFER


Failure Frequency 6E-7 /AvgeYear


Spacing of Events 50 m


Frequency Unit Length 1 m


Define Parallel Tracks No


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\PIPELINE ROUTEPath:
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Consequence Results


Weather Conditions


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\PIPELINE ROUTEPath:


D 5 m/s D 9 m/sD 1,5 m/s


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction


Relative Humidity 0.8630.863fraction
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SOUR GAS PIPELINE_LEAK


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN SULFIDE


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.5 bar


Temperature 20 degC


Volume Inventory 9.5 m3


Scenario
Scenario Type Leak


Phase to be Released Vapor


Hole Diameter 20 mm


Building Wake Effect None


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Type of Risk Effects to Model Toxic


Probability of this event compared with others in this group 0.83 fraction


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor
Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Mass Inventory of material to Disperse 34.082378 kg


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_LEAKPath:
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 34.05 kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-39.07


 337.33


1.58738E-001


214.51


282.71


1.36


-21.44


0.79


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 34.05 kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_LEAKPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-39.07


 337.33


1.58738E-001


214.51


282.71


1.36


-21.44


0.79


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 34.05 kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-39.07


 337.33


1.58738E-001


214.51


282.71


1.36


-21.44


0.79


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 34.05 kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


-39.07


 337.33


1.58738E-001


214.51


282.71


1.36


-21.44


0.79


0.01


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


LeakScenario


Inventory 34.05 kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.58738E-001


214.51


1.36


-21.44 degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


-39.07


 337.33


282.71


0.79


0.01


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_LEAKPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_LEAKPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Weather Conditions


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_LEAKPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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SOUR GAS PIPELINE_RUPTURE


Base Case


DataCASE Name:


User-Defined Data


Material
Material Identifier HYDROGEN SULFIDE


Type of Vessel Pressurized Gas


Pressure Specification Pressure specified


Storage Pressure - gauge 1.5 bar


Temperature 20 degC


Scenario
Scenario Type Long Pipeline


Phase to be Released Vapor


Building Wake Effect None


Pipe
Internal Diameter 200 mm


Line length 300 m


Distance To Break 50 m


Relative Aperture 0.5 fraction


Pumped Inflow 0.39194444 kg/s


Valve Distance from Top(1) 5 m


Valve Distance from Top(2) 300 m


Valves Close Valve does not close


Use Ambient Temperature Do not use ambient temperature


Vessel/Tank
Duration of Interest 1800 s


Method Used for Time Varying Releases Average between 2 times


1st Time for Time-Varying Release 0 s


2nd Time for Time-Varying Release 20 s


Location
Elevation 5 m


Use ERPG averaging time ERPG not selected


Use IDLH averaging time IDLH not selected


Use STEL averaging time STEL not selected


Supply a user defined averaging time Not supplied


Risk
Type of Risk Effects to Model Toxic


Probability of this event compared with others in this group 0.17 fraction


Bund
Status of Bund No bund present


[Type of Bund Surface Concrete]


[Bund Height 0 m]


[Bund Failure Modeling Bund cannot fail]


Indoor/Outdoor


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_RUPTUREPath:
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Location of release Open air release


Outdoor Release Direction Horizontal


Flammable
Jet Fire Method Cone Model


Dispersion
Late Ignition Location No ignition location


Model Risk Effects for Vertical Jet Fires Do not model vertical jet fires


Fireball Parameters
[Mass Modification Factor 3]


[Calculation method for fireball DNV Recommended]


[TNO model flame temperature 1726.85 degC]
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Nederland, nacht\D 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.31


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 38.01


1.40712E+000


515.81


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)  4.37


Wind Speed:  


Pasquill Stability:  


 5.00


D


m/s


m/s


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_RUPTUREPath:
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Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 38.01


1.40712E+000


515.81


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\D 9 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 7.87


n/a


Wind Speed:  


Pasquill Stability:  


 9.00


D


m/s


m/s


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 38.01


1.40712E+000


515.81


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\E 5 m/sDISCHARGE DATA for Weather:


Wind Speed at Height (Calculated)  4.03


Wind Speed:  


Pasquill Stability:  


 5.00


E


m/s


m/s
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CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Mass Flow of Air (Vent from Vapor Space only) n/a


Mass Flowrate


Release Duration


 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Pressure


 - Temperature


 - Discharge Coefficient


 - Expanded Radius


 20.00


 38.01


1.40712E+000


515.81


n/a


n/a


n/a


n/a


n/a


fraction


degC


degC


bar


m/s


m/s


kg/s


s


m


um 0.00


 0.00


Orifice or pipe exit data (before atmospheric expansion):


Final data (after atmospheric expansion):


Nederland, nacht\F 1,5 m/s


CALCULATED QUANTITIES


Fixed Duration sn/a


Long PipelineScenario


Inventory n/a kg


- Pressure 2.51 bar


- Temperature  20.00 degC


Material HYDROGEN SULFIDE


USER-DEFINED QUANTITIES


DISCHARGE DATA for Weather:


Stagnation data (data at upstream end for long pipe):


- Fluid State Pressurized gas


Wind Speed at Height (Calculated)


Mass Flow of Air (Vent from Vapor Space only)


 1.05


n/a


Wind Speed:  


Pasquill Stability:  


 1.50


F


m/s


m/s


Mass Flowrate


Release Duration


 - Pressure


 - Temperature


1.40712E+000


515.81


n/a


n/a degC


bar


kg/s


s


Orifice or pipe exit data (before atmospheric expansion):
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 - Droplet Diameter


 - Velocity


 - Temperature


 - Liquid Mass Fraction


 - Vena Contracta Velocity (exit velocity for pipe releases)


 - Discharge Coefficient


 - Expanded Radius


 20.00


 38.01


n/a


n/a


n/a


fraction


degC


m/s


m/s


m


um 0.00


 0.00


Final data (after atmospheric expansion):
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Consequence Results


Distance to Concentration Results


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_RUPTUREPath:


The height for user defined concentrations is the user defined height 0 m


All toxic results are reported at the toxic effect height 0 m


All flammable results are reported at the cloud centreline height


Concentration(ppm) Averaging Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Concentration(ppm) Averaging Time Heights (m) for above distances


D 5 m/s D 9 m/sD 1,5 m/s


Concentration(ppm) Averaging Time Distance (m)


F 1,5 m/sE 5 m/s


Concentration(ppm) Averaging Time Heights (m) for above distances


F 1,5 m/sE 5 m/s


Distance to Equivalent Toxic Dose


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_RUPTUREPath:


Toxic Calculation Method = Mixture Probit


Concentration(ppm) Reference Time Distance (m)


D 5 m/s D 9 m/sD 1,5 m/s


Toxic Calculation Method = Mixture Probit


F 1,5 m/sE 5 m/s


Weather Conditions


\REFINERY_FINAL rev 01\PIPELINES\SOUR GAS\SOUR GAS PIPELINE ROUTE\SOUR GAS TRANSFER\SOUR GAS PIPELINE_RUPTUREPath:


D 5 m/s D 9 m/sD 1,5 m/s


Wind Speed 5 91.5m/s


Pasquill Stability D DD


Surface Roughness Length 183.156 183.156183.156mm


Surface Roughness Parameter 0.0999999 0.09999990.0999999


Atmospheric Temperature 8 88degC


Surface Temperature 9.85 9.859.85degC


Relative Humidity 0.863 0.8630.863fraction


F 1,5 m/sE 5 m/s


Wind Speed 1.55m/s


Pasquill Stability FE


Surface Roughness Length 183.156183.156mm


Surface Roughness Parameter 0.09999990.0999999


Atmospheric Temperature 88degC


Surface Temperature 9.859.85degC


Relative Humidity 0.8630.863fraction
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REFINERY_FINAL rev 01 Major Hazard QRA STAR Refinery


Overall Risk Integrals (for the combination of all run rows using the first column of Factors)


Rate of death


Rate of death based on the aversion index


Risk Integral for land use planning


Individual Risk potential for loss of life


Societal Risk potential for loss of life


Calculated Results  (Up to date)  


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


3.40996E-003


1.91302E-003


2.55587E-002


1.93901E-003


1.77936E-003


Dag


Calculated Results   (Up to date)


Grid Data


Lower X Bound of significant risk grid -2,160.00 m


Upper X Bound of significant risk grid


Lower Y Bound of significant risk grid


Upper Y Bound of significant risk grid


Number of Y cells


Cell Size


Minimum non zero Outdoor Risk on the grid


Maximum Outdoor Risk on the grid


X coordinate for minimum risk


Y coordinate for minimum risk


X coordinate for maximum risk


Y coordinate for maximum risk


X Cell number for minimum Risk


Y Cell number for minimum Risk


X Cell number for maximum Risk


Y Cell number for maximum Risk


Overall Risk Integrals


Rate of death


Rate of death based on the aversion index


Risk Integral for land use planning


Individual Risk potential for loss of life


Societal Risk potential for loss of life


Number of X cells


 7,290.00


-5,670.00


 5,805.00


 202


 199


 135.00


-1,417.50


-4,117.50


 3,172.50


-1,147.50


 74


 74


 108


 96


m


m


m


m


m


m


m


m


2.54261E-023


6.46403E-005


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


Lower X Bound of calculation area grid m


Upper X Bound of calculation area grid


Lower Y Bound of calculation area grid


Upper Y Bound of calculation area grid


m


m


m


-11,340.00


 15,930.00


-14,040.00


 12,825.00


1.50421E-003


2.63433E-003


1.97244E-002


1.52855E-003


1.39358E-003
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Calculated Results   (Up to date)


Grid Data


Lower X Bound of significant risk grid -5,412.00 m


Upper X Bound of significant risk grid


Lower Y Bound of significant risk grid


Upper Y Bound of significant risk grid


Number of Y cells


Cell Size


Minimum non zero Outdoor Risk on the grid


Maximum Outdoor Risk on the grid


X coordinate for minimum risk


Y coordinate for minimum risk


X coordinate for maximum risk


Y coordinate for maximum risk


X Cell number for minimum Risk


Y Cell number for minimum Risk


X Cell number for maximum Risk


Y Cell number for maximum Risk


Overall Risk Integrals


Rate of death


Rate of death based on the aversion index


Risk Integral for land use planning


Individual Risk potential for loss of life


Societal Risk potential for loss of life


Number of X cells


 11,562.00


-9,840.00


 7,257.00


 202


 199


 123.00


 8,671.50


 5,104.50


 3,013.50


-1,168.50


 153


 147


 107


 96


m


m


m


m


m


m


m


m


2.05449E-013


7.54493E-005


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


/AvgeYear


Lower X Bound of calculation area grid m


Upper X Bound of calculation area grid


Lower Y Bound of calculation area grid


Upper Y Bound of calculation area grid


m


m


m


-10,086.00


 14,760.00


-12,915.00


 11,562.00


2.23423E-003


4.01938E-003


3.01427E-002


2.26152E-003


2.08247E-003
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RMT JETTY OPERATION Major Hazard QRA STAR Refinery


Overall Risk Integrals (for the combination of all run rows using the first column of Factors)
Rate of death
Rate of death based on the aversion index
Risk Integral for land use planning
Individual Risk potential for loss of life
Societal Risk potential for loss of life


Calculated Results


/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear


0.00000E+000
0.00000E+000


0.00000E+000
0.00000E+000
0.00000E+000


Dag


Calculated Results


Grid Data
Lower X Bound of significant risk grid 1,122.00 m
Upper X Bound of significant risk grid
Lower Y Bound of significant risk grid
Upper Y Bound of significant risk grid


Number of Y cells
Cell Size


Minimum non zero Outdoor Risk on the grid
Maximum Outdoor Risk on the grid
X coordinate for minimum risk
Y coordinate for minimum risk
X coordinate for maximum risk
Y coordinate for maximum risk
X Cell number for minimum Risk
Y Cell number for minimum Risk


X Cell number for maximum Risk
Y Cell number for maximum Risk


Overall Risk Integrals
Rate of death
Rate of death based on the aversion index
Risk Integral for land use planning
Individual Risk potential for loss of life
Societal Risk potential for loss of life


Number of X cells


1,986.00
-252.00
576.00


185
179


6.00


1,743.00
561.00


1,197.00
-177.00


112
143


21
20


m
m
m


m


m
m
m
m


1.49905E-014
1.21494E-006


/AvgeYear
/AvgeYear


/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear


Lower X Bound of calculation area grid m
Upper X Bound of calculation area grid
Lower Y Bound of calculation area grid
Upper Y Bound of calculation area grid


m
m
m


1,074.00
2,184.00
-294.00
780.00


0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000
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Calculated Results


Grid Data
Lower X Bound of significant risk grid 1,057.00 m
Upper X Bound of significant risk grid
Lower Y Bound of significant risk grid
Upper Y Bound of significant risk grid


Number of Y cells
Cell Size


Minimum non zero Outdoor Risk on the grid
Maximum Outdoor Risk on the grid
X coordinate for minimum risk
Y coordinate for minimum risk
X coordinate for maximum risk
Y coordinate for maximum risk
X Cell number for minimum Risk
Y Cell number for minimum Risk


X Cell number for maximum Risk
Y Cell number for maximum Risk


Overall Risk Integrals
Rate of death
Rate of death based on the aversion index
Risk Integral for land use planning
Individual Risk potential for loss of life
Societal Risk potential for loss of life


Number of X cells


1,988.00
-315.00
581.00


176
171


7.00


1,788.50
577.50


1,193.50
-178.50


120
142


35
34


m
m
m


m


m
m
m
m


1.39180E-021
1.23227E-006


/AvgeYear
/AvgeYear


/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear
/AvgeYear


Lower X Bound of calculation area grid m
Upper X Bound of calculation area grid
Lower Y Bound of calculation area grid
Upper Y Bound of calculation area grid


m
m
m


952.00
2,184.00
-413.00
784.00


0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000
0.00000E+000
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Appendix 4-1: 1st Round Public Hearing Meeting-
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1
ST


 Round Public Hearing Meeting 


The first round meeting was held at the Aliaga Municipality, Ataturk Cultural Center on 24th of February, 
2009. The meeting was started with presentations and followed by a general question answer session. The 
questions were answered by Halil Semerci, the Project Director of STRAS. The questions and answers are 
summarized below.  


Ali Osman Karatekin (Aliaga Chamber of Commerce): It is told that the stack emissions will be reduced to 
minimum limits. This is a relative statement, aren’t these limits set numerically? 


STRAS: A waste gas treatment unit will be built and the emission limits will be 600 mg SO2 and 100 mg NOx 
will be emitted. The refinery emissions will comply with EU standards and the emissions will be set under the 
upper limits.  


Sahap Avci (Local Paper): What is Petkim’s relation with the Project? 


STRAS: STRAS owns the proposed refinery and is sister company of Petkim. STRAS also owns the 51 
percent of Petkim’s share. 


Sahap Avci (Local Paper): Where will the technology of the Project be obtained? 


STRAS: The best and the most advanced technology achieved to date will be used. It will be designed 
accordance to the American standards and will be collaborated with European Engineering firms. 


Sahap Avci (Local Paper): What is the investment cost of the Project? 


STRAS: The investment cost is around $ 3-3.5 million. 


Ismail Ceylan (Petkim): The finishing products seem to be naphtha, diesel, LPG; not the gasoline. What is 
the meaning of this? 


STRAS: There is gasoline excess in Turkey; we are in importing country condition. The main goal is to 
provide raw material for Petkim. The gasoline and fuel-oil will not be produced. 


Beyhan Yilmaz (Petkim): Is the configuration of the Refinery decided? Will there be FCC unit? Will 
propylene extraction be practiced? 


STRAS: Since it is problematic, the FCC unit will not be used. 


Ali Osman Karatekin (Aliaga Chamber of Commerce): Will the necessary products be produced in the 
mean time?  


STRAS: The identified products will be produced not the gasoline and fuel-oil. 


Ali Riza Saklica (Petkim): When will the Refinery start operations and what will be its contributions to our 
country? 


STRAS: The Refinery will start operation in 2015. The projects of Petkim will accelerate with the Refinery. 
The Project will provide employment opportunities. Its contribution to the economy will be immense.  


Ismail Ceylan (Petkim): Will all the equipments imported or else will some portion be supplied domestically? 
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STRAS: There will be local-foreign supplier consortium. The equipments not produced locally will be 
imported.  


Ali Osman Karatekin (Aliaga Chamber of Commerce): Where will be the taxes paid?  


STRAS: The headquarters are in Istanbul and the plant is here, however the headquarters can be changed. 
It will be decided by shareholders.   


Sahap Avci (Local Paper): How much raw material will be processed? 


STRAS: 10 million tons per year. 


Ismail Ceylan (Petkim): Will all the flow be mutual? 


STRAS: All kinds of flow will be mutual. 


Nurhan Ozden: What will be the excess water consumption during the process compared to Petkim? 


STRAS: It will be close to Petkim, around 1,000 to 1700 m3. 


The following table presents the attendance list of the public hearing meeting. 
 


Name Occupation Employer Phone Number Sign 


Hüseyin Şahin Mathematician Turkish State Meteorological 
Service 


0312 302 24 75  


Adem Ağır Engineer Ministry of Environment and 
Forest 


0312 207 58 96  


Birsen Güner Engineer Provincial Directorate of 
Agriculture 


0435 10 03-1167  


Serkan Belen Civil Engineer Ministry of Transport and 
Communications 


463 09 00  


Osman Bacu Chief Engineer  (Civil) Ministry of Transport and 
Communications 


463 09 00  


Aylin Özman Assistant Specialist General Directorate of EIA 
and Planning 


0312 207 63 58  


Dr. Alper Demirbugan Mining Engineer General Directorate of Mineral 
Research and Exploration 


0312 287 34 30-
1423 


 


Murat Özdemir Project Engineer STRAS 0212 259 00 00-255  


M. Fatih Tuncer Project Engineer Petkim  0232 616 40 80  


Saadet Kasapgil Project Manager ENVY  0312 583 88 63  


Sedef Polat Environmental Engineer ENVY 0312 583 88 63  


Halil Semerci Project Director STRAS 0212 259 00 00  
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Name Occupation Employer Phone Number Sign 


Cabbar Yılmaz Director STRAS 0212 259 00 00  


Seynur Agayev General Manager STRAS 0212 229 21 00  


Servet Ülkü ? Petkim 0232 616 12 40  


İsmail Ceylan Engineer Petkim 0232 616 12 40  


? Korkmaz  Petkim 0232 616 12 40  


Bahar Semiz Biologist İzmir Metropolitan 
Municipality 


0232 293 23 34  


? ? İzmir Metropolitan 
Municipality 


0232 293 25 37  


? Environmental Engineer İzmir Metropolitan 
Municipality 


0232 293 25 37  


? Demir Technician Petkim 0232 616 41 43  


Zana Akkuş Journalist Günaydın Ege 0232 616 28 78  


Hasan Doğan Specialist Petkim 0232 616 12 40  


Beyhan Yılmaz Project Leader Petkim 0232 616 12 40  


Zuhal Ünal Project Leader Petkim 0232 616 12 40  


Menekşe Sevimli Project Engineer Petkim 0232 616 12 40  


Burcu Kostak Project Expert Engineer Petkim 0232 616 12 40  


Serkan Şen ? Aliağa   


Şule Azbar Environmental Engineer İzmir Metropolitan 
Municipality 


0232 293 13 84  


Şahin Hamarat Environmental Engineer Ege Çelik End. 0232 625 17 00  


Serkan ? Reporter ? = İHA ?  


Tansel ? - Public -  


Selim Özkan - Public -  


Ali Osman Karatekin  Chief Engineer Aliağa Chamber of 
Commerce 


0232 616 41 51  


Şahap Avcı Owner Aliağa Ekspres Newspaper 0232 616 12 03  


? ? ?   
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Name Occupation Employer Phone Number Sign 


Serdar Yücel Aquaculture Engineer, 
MSc. 


İzmir Metropolitan 
Municipality 


0232 293 14 26  


Figen Dedeb?? Environmental Engineer Ege Çelik End. 0232 625 17 00  


H.??? Mechanical Engineer İzmir Metropolitan 
Municipality 


0232 293 13 57  


Ali Rıza Saklıca Petkim Environmental 
Manager 


Petkim 0232 616 12 40 
/2245 


 


Zahide Bezirci Environmental Engineer, 
MSc. 


İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 33 77  


Ayhan Pınar Chemist İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  


Bahar Kasap Environmental Engineer İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  


Alp Kocabar Environmental Engineer İzmir Provincial Directorate of 
Environment and Forestry 


0232 461 44 77  
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Picture 1 : Public Consultation Meeting 1st Round-Refinery 


 







 


STAR PROJECT  


Environmental and Social Impact Assessment Report – Final 


 


 


11513150061-ESIA AP4- 12  
    


Appendix 4-2: 2nd Round Public Hearing 
Meeting 
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2
nd


 Round Public Hearing Meeting 


The second round meeting was held in Petkim Cultural Center on April 11, 2011. The meeting was 
conducted in Turkish and started with the presentation of the STRAŞ on general Project information. 
Then, Golder made a presentation on the contents and outcome of the environmental and social 
impact assessment; planned mitigation measures and planned environmental and social management 
plan during Project implementations.  


The presentations were followed by a general question answer session. The questions were answered 
by Halil Semerci, the Project Director of STRAS. The one question raised during the meeting is 
summarized below.  


Muharrem Şen (Kültür Mahallesi Muhtarı ): All the information you gave is excellent. However, I 
request from Petkim and SOCAR & Turcas management that employment of local people for the 
Project rather than other regions. Out of 650 employees, how many of them will be employed locally? 


STRAS: We understand your concern. The level of employees will be technicians and operators for 
this Project. It may not be possible to employ 100 percent of them from Aliağa due to the technical 
skills, however Aliağa will be preferred source and the employment opportunities will be offered first 
here.  


The attendance list of the public hearing meeting is presented below. 
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Appendix 4-3: 1st Round Public Hearing 
Meeting-Jetty 
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Picture 2 : Public Hearing Meeting 1st Round Jetty 
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Appendix 4-4: 2nd Round Public Hearing 
Meeting-Jetty 
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Attendance Sheet 
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Picture 3- Public Hearing Meeting 2nd Round Jetty 
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The project information  brochure  
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Appendix 5 - Physical Baselines 
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1.0 INTRODUCTION 


In order to determine subsoil conditions at the proposed four nos jetties located at west of  


Alia a Petkim Port, geotechnical investigations are carried out by STFA Temel Ara tõrma ve 


Sondaj A. . upon instruction by Artõ Proje Danõ manlõk n . Tur. ve Tic. Ltd. ti.  


 


Field activities and in situ tests are executed between 17.10.2011 and 17.11.2011.  


 


A total of 10 nos nearshore marine boreholes are dilledp up to maximum 66.90 m depth from 


sea level and laboratory tests are executed on suitable samples.  


 


The elevation and coordinates of boreholes are presented in borehole logs.  


 


This report contains, borehole logs, in situ and laboratory test results, locatin plan, lithological 


sections, soil profile and summary and conclusions.  


 


2.0 TOPOGRAPHY AND GEOLOGY OF INVESTIGATION AREA  


2.1 Location 


The proposed STRA  Refinery Jetties are located at west section of Petkim Port, City of zmir, 


Alia a district.  


 


 


Figure 1 Location plan of Investigation Area 
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The investigation area is limited with four nos corners and coordinates are presented at Table 1.  


 
TABLE 1 Corner Coordinates of Investigation Area 


   


No. North (N) East (E) 


A 38°47'38.82"K 26°54'39.59"E 


B 38°47'20.15"K 26°54'08.93"E 


C 38°46'33.29"K 26° 54'56.36"E


D 38°46'52.03"K 26° 55'24.24"E


 


2.2 Topography  


Nearshore investigation area starts with same region shore and extending up to approximately 


400 m along southwest direction. The sea bed has approximately % 6 inclination.The maximum 


measured sea water depth is 44.50 m at borehole locations.  


 


2.3 Geology 


2.3.1 Geology of Investigation Area 


All of the investigation area is consisting of andesit, agglomerate and tuff sequences which are 


known as Aliaga-Foca Volcanites. On the area, there are tuffs over the cliffs parallel to shore, 


and over the thick andesite lava and agglomerates.   It is frequently encountered with volcanic 


contains sandstones, seyl and ash as intermediate layers. It is also known that, in the vicinity of 


Foca, it contains some limestone layers (Akay 2000). This geological unit having Volcano-


sedimentary character was also named by previous researchers as Zeytinda õ Volcanits (Genç, 


2000) and Alia a volcanits (E der, 1992). Sava çõn (1978) has aged this occurrence as the 


Middle Miocene, in his study. 


 


Andesites in Alia a volcanits are in a hard, stiff and massive structure. Andesites and rhyolite 


are in purple-reddish or greenish colour, having a distinctive flow planes. Agglomerates are 


generally bad coloured. The level of geological sequence dominated by tuffs and volcanic ashes 


are in white-yellowish, light green colour. These levels are generally in weak cemented and 


have low strength. Perfect bedding planes are noticed in these layers. 


 


 1/1000 scale engineering geology maps and sections of inspection area are given in 


Appendix-B. Over this map; Alia a volcanits forming the base of the area, artificial fillings 


covering high slope cliff and rocks alongside the seashore are separately shown. Detailed 


properties of the  Alia a volcanits and artificial fillings are given below. 
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2.3.1.1 Alia a Volcanits 


In the investigation area, well bedded tuffs belonging to the Alia a volcanits forms dominant 


lithology. The beddings in thin-medium thicknesses are mostly horizontal. In the areas close to 


fault zones, there are noticeable differences in dips and strikes of the bedding planes. 


Andesits in brownish-reddish colour and massive rhyolite in purple colour (Figure 2a) generally 


forms the dominant lithologies over the upper levels of the field. Mostly, tuffs and volcanic 


ashes are in light colours and have weak rock properties. Together with the high degree of 


weathering, ashes and tuffs could be easily worn off. It is noticeable in the cliff locations the 


cavities by wave effects over the tuff layers in weak character (Figure 2b). Local variations in 


bedding positions are generally related to compression and dikes. The thickness of the dikes in 


vertical position does not exceed 5m (Figure 2d). 
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Figure 2. Massive andesite (a), thin bedded tuffs (b), local changes in dip and strike of bedding 


planes (c) and dikes (d) encountered in investigation area. 
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2.3.1.2. Artificial Fillings 


There are some artificial fillings in the investigation area, covering some parts of the land. Loose 


and uncontrolled fillings contain different sizes of material such as clay, excavation material, 


construction and industrial wastes and their compositions. Fillings are generally loose and were 


formed without compaction. The filling on the northern parts of investigated area which covers 


the largest region has remarkable thickness. Resistivity measurements performed in the middle 


of this filling show that its thickness can be reach up to 30m in this area (Figure 3).  


 


Thickness of artificial fillings is related to the topography they are covering. It can be precisely 


determined by comparing the topographic maps before filling and actual situation. But, taking 


into consideration that artificial topographical cavities were filled in the middle of the area where 


quarry wastes are collected, mechanical borings are necessary in order to determine the actual 


thicknesses. Field studies showed that recent fillings are loose and have high degree of pores. 


Therefore they subject to erosion in rainy season. Due to their weak properties, they become 


water saturated easily in a short time, and small stability problems such as flow and slide can 


develop at the lover parts of filling#s slopes (Figure 4).  


 


  


 


 


 


 


 


 


 


ba


Figure 3 Actual filling (a) over the far north of studied area covering large area and the 


old filling (b) with a vegetation cover. 
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Figure 4 Landslide (a) in filling next to shore around a point close to harbour and flowing to 


the sea direction (b) in actual filling located at the northern west part of studied area. 


 


2.3.1.3. Structural Geology 


Investigation area has a volcano-sedimentary character and structure. In the locations close to 


the sea level, it is composed of thin beds of tuff, thick layers on upper levels, and partially 


massive andesite and rhyolite lavas and agglomerate. Bedding plane have generally low angle 


of dip to east and north-east direction. Dips of the well bedded tuffs vary from 10 to 25°. .But, 


around the lines where fault and dikes are located, dips and directions in bedding planes usually 


change in a small distance (Figure 5a). Crushed zones of rock are seen through the narrow 


band next to the dikes. 


The fault lines and cracks, encountered in the region are generally through north-east, south-


west direction. The dikes cutting the land which was formed later are in the direction close to 


fault zones. Fault planes are having a slope, close to vertical. Thicknesses of fault zones are 


changing between 20cm-2m. and were composed of clay or broken rock (Figure 5b) On the 


contrary of hard and massive dike formation, it has been observed that, fault zones has no an 


imported effect on the formation of  natural topography of the investigation area. Therefore it is 


supposed that the faults in this region are not active. 
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Figure 5 Fault zones shown in quarry#s slopes at the upper parts of inspection area. 


Change in bedding planes (a) and crushed or heavily fractured zone of a fault 


(b). 


 


Discontinuities cutting the main rock are mostly systematic (Figure 6). Joint Sets in critical 


positions and macro sizes are in positions close to fault planes. As the discontinuities are mainly 


clay-filled, their parts over the planes intersecting with topography, has been open (unfilled) 


condition, as a result of washing by rain, erosion by wind, sweeping by waves. 


 


Additionally, as a result of explosive used for productions in quarries, there are remarkable 


enlargements of joint surface. But, from the studies performed on the existing head area of 


these quarries, it is understood that, width of cracks are decreasing through the depth, and 


most of the cracks are filled by clay. 


 


Distribution of polar points of the fault and joint planes measured in the region is given on 


Figure 6a, and rose diagram showing the directions are given in Figure 6b. Position of the 


bedding and joint plane are separately marked on the figure showing the concentration of polar 


points. As the polar points of joint sets and faults are close to each other, they are not shown 


separately but shown together on the same figure. 


 


As shown on Figure 6b, directions of the most widespread joint sets are northern east, and 


northern west. Strikes of bedding planes with low dips are generally northern west. Taking into 


consideration the narrow angles between the joint sets, it can be concluded that the 


investigation area has been under compression stress in north-south direction in geological past. 
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Figure 6 Concentration of poles of bedding planes, joint sets and fault planes measured in 


investigation area (a) and rose diagram (b) showing the direction of strikes. 
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3.0 INVESTIGATIONS CARRIED OUT  


3.1 Drillings  


A total of 10 nos nearshore marine boreholes are drilled at investigation area. The drillings, are 


done by pilcon percussion and rotary coring drilling methods.  


 


Drillings and soil classifications are made according to Sondajlar ve zemin tanõmlamalarõ bu 


konuda TS 1901  ve BS 5930 : 1999 standards.   


 


The locations of drilled boreholes can be seen at APPENDICE A and the elevations and 


coordinates are presented at TABLE 2.  


 


At upper layers of sea bed, samples are recovered by percussion method with 135-170 mm 


diameter axe.At unsuitable hole conditions, casings are installed to avoid collapsing where their 


sizes are 216 mm diameter for percussion and 101 m diameter casings for rotary coring 


methods.Core runs were generally limited to 1.5m in order to improve the core recovery.  Initial 


descriptions and identification of core samples were made on site as soon as they were 


recovered. Cores were then placed in wooden core boxes. The depths at the each core run were 


recorded on the end markers. Boreholes, field tests, and soil descriptions were made in 


accordance with ASTM 2000, BS 5930: 1999 and rock descriptions were made in accordance 


with ISRM 1985.  General locations of the boreholes are shown in APPENDICE C. The borehole 


numbers, elevations, coordinates and depths are tabulated inTABLE 2. 


 


TABLE 2 Boreholes Drilled  


Coordinates 
No BH  No 


Start   


Date 


Finish   


Date 
Y X 


Elevation 


(m) 


Depth 


(m) 


1 DS1 22.10.2011 23.10.2011 4294276.40 492785.19 0.00 67,35 


2 DS2 24.10.2011 25.10.2011 4294276.17 492931.60 0.00 60,85 


3 DS3 28.10.2011 29.10.2011 4294611.79 492524.05 0.00 64,00 


4 DS4 30.10.2011 01.11.2011 4294611.85 492651.00 0.00 66,90 


5 DS5 16.11.2011 17.11.2011 4294942.86 492379.06 0.00 63,50 


6 DS6 02.11.2011 03.11.2011 4294942.86 492507.97 0.00 54,00 


7 DS7 20.10.2011 21.10.2011 4295219.36 492286.26 0.00 56,00 


8 DS8 17.10.2011 19.10.2011 4295219.36 492423.80 0.00 40,50 


9 DS9 09.11.2011 12.11.2011 4294780.44 492687.90 0.00 36,50 


10 DS10 26.10.2011 27.10.2011 4294438.11 493008.54 0.00 43,50 
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Photograph 1 A Scene from Nearshore Marine Borehole Activities 


 


3.2 Sampling 


During drilling in soil, representative samples were taken at each SPT test in soil usually at 


about 1.5 m intervals. Samples recovered from the split spoon sampler were examined, placed 


in glass jars, sealed and transported to STFA Temel Ara tõrma ve Sondaj A.  laboratory. 


 


Disturbed samples were preserved in the labeled glass jars as representative samples.  Thin 


walled Shelby type samplers were used to recover undisturbed samples from cohesive soils. 


Both ends of the Shelby tubes sealed with paraffin and transported to the laboratory for testing.  


 


In the hard clay-silt and similar layers, where coring is possible and rock layers were both 


collected via double tube core barrels. Cores were kept in labeled core boxes. Selected soil 


cores were immediately wrapped with cling film and sealed by paraffin before transporting to 


laboratory.  


 


In rock, the recovered core samples were stored in specially prepared core boxes. The 


beginning and end of runs were marked on wooden partitions of the core boxes. Cores were 


described in the field and TCR, RQD in accordance with the definitions given in ISRM 1985 and 


BS 5930 (1999) and recorded on the borehole logs. 
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3.3 In situ Tests  


3.3.1 Standart  Penetration Test (SPT) 


Standard penetration tests were carried out with a split spoon sampler, which has an outer 


diameter of 50.8 mm, inner diameter of 34.9mm, with a 63.5 kg hammer falling from 0.76 m 


height. Blow counts for each 15 cm penetration for a total 45 cm were recorded. Last two steps 


were summed to obtain SPT N values, which are shown on the borehole logs.  


 


When the samples were driven less than 450 mm, the number of blows for each complete 150 


mm increment and per partial increment was also recorded on the borehole logs. 


 


Results are given in APPENDICE C on Borehole Logs. 


 


4.0 LABORATORY TESTS 


Soil samples collected from the boreholes were classified and identified at the Soil Mechanics 


Laboratory of STFA Temel Ara tõrma ve Sondaj A. . Index characteristics were calculated of 


tests such as water content (W), Atterberg Limits (LL, PL), sieving analysis, hydrometer, natural 


density ( n), specific gravity ( s), Quick Undrained trixial compression test and one dimensional 


Consolidation and unconfined compressive test in soil in accordance with the ASTM Standards.  


Chemical tests tested in Çevre Laboratory, Rocks tested in TÜ Mining Faculty, Rock Mechanics 


Laboratory.  All laboratory test results are given in APPENDICE E. 
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TABLE 3 Executed Laboratory Tests  
 


Description of Tests Standards Used 
Total no. of 


Tests 
Completed 


Water Content ASTM D2216 & ASTM D4318 26 


Atterberg Limits ASTM D2216 & ASTM D4318 26 


Hydrometer ASTM D 422 - 63 7 


Sieve Analysis ASTM D 422  & D 4221 61 


Specific Gravity ASTM D 854 3 


Dry Weigth ASTM D 4718 4 


Consolidation ASTM D2435 4 


Unit Weigth ASTM D 4718 5 


Tri-axial Compression (Soil) ASTM D 2850 3 


Uniaxial Compression (Soil) ASTM D 2166 5 


Tri-axial Compression (Rock) ISRM 1981 8 


Uniaxial Compression (Rock) ISRM 1981 10 


Point Load Index (Kayada) ASTM D5731 8 


Chemical Tests (pH, Sulphate, Chloride) BS 1377-3, ISO 11048 10 
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5.0 SUMMARY and CONCLUSIONS 


5.1 Introduction 


It is planned to construct four berths (indicated as A-A, B-B, C-C and D-D axis). The berths  will 


have retained quay wall structures and the stocking area which will be constructed of levelled 


ground. 


 


An extensive ground investigation is carried out at the site. An interpretation of the ground 


investigation data of the berths is prepared. In the report (1) suitable ground models and soil 


parameters for design of piles, (2) soil parameters for seismic design of the structures are 


determined. 


 


Section 2 of this report summarises the ground investigation information. In Section 3, ground 


models are presented for the design of piles with soil parameters calculated from the results of 


the ground investigation together with guidance from design codes and other publications.  


 


5.2 Ground Investigation Data 


Ground model 


The sea bed slopes down towards the south-west have a steep inclination. Sea bed slopes are 


continuation of steep slopes encountered inland. 


 


The marine boreholes were sunk to the depth between 28.90 m (DS4) and 20.00 m (DS3, DS5)  


below the sea bed, and between 67.35 m (DS1) and 36.50 m (DS9) below sea level. The 


location of boreholes were primarily along the lines of the proposed quay walls. 


 


The slope of sea bed is 16 % in A-A axes, 8 % in B-B axes, 7 % and 15 % in C-C axes, 8% in 


D-D axes. 


 


Ground model is based on exploratory boreholes DS1 to DS10. Boreholes SD7 and SD8 were 


sunk along A-A axis, boreholes DS5 and DS6 were sunk along B-B axis, boreholes DS3, DS4, 


DS9 were sunk along C-C axis, boreholes DS1, DS2, DS10 were sunk along D-D axis. 


 


Soil profile is overlain by poorly graded sand layers. Sand layers are generally underlain by high 


plasticity and low plasticity clay layers. Tuff and agglomerate layers are deepest layers 


encountered in the boreholes. 
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Soil parameters are based largely on correlations for standard penetration tests and results of 


laboratory tests. 


 


Three soil units have been identified: 


 Unit A: Loose to medium dense gravelly sand, 


 Unit B: Clay, 


 Unit C: Weak rocks, mainly tuff and agglomerate. 


 


Soil parameters 


 


Unit A: Loose to medium dense sand 


Soil profile is overlain by poorly graded sand layers. Sand layers contain silt and occasionally 


gravel. 


 


Average grain size distribution of that unit is, 


  11 % silt and clay, 


  24 % fine sand, 


  38 % medium sand, 


  16 % coarse sand, 


  12 %  gravel. 


 


Average SPT blow count in sand layers is N = 19 which could be related to an angle of shear 


strength of = 340. 


 


Average modulus of deformation of sand layers is Es = 17 000 kPa. Design soil parameters for 


sand layers are given in TABLE 4. 


TABLE 4 Design soil parameters for sand layers 


(kN/m3) c (kPa) (0) k0 E (kPa) 


16 0 34 24 0.44 17 000 0.2
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Unit B: Clay layers 


Clay layers shall be considered under three headings: high plasticity clay, low plasticity clay, 


organic clay. 


 


Average SPT blow count in high plasticity clay is N = 19 which can be related to an undrained 


shear strength of su = 86 kPa. Effective shear strength parameters can be given as c# = 0 and # 


= 220, and residual angle of shear strength r# = 80. Average values of consistency limits of high 


plasticity clay are: 


wn = 0.63,  wL = 1.05,  wp = 0.30. 


 


Modulus of subgrade reaction of high plasticity clay is, 


ks = 40*2*86 = 6880 kN/m3. 


 


A series of triaxial compression tests are performed on high plasticity clay samples. Average 


values of shear strength parameters are found as c = 42 kPa, = 20. 


 


Average SPT blow count in low plasticity clay is N = 26 which can be related to an undrained 


shear strength of su = 117 kPa. Effective shear strength parameters can be given as c# = 0, 


 


# = 300, and residual angle of shear strength r# = 180. Average values of consistency limits 


are:  


wL = 0.53,  wp = 0.23. 


 


Modulus of subgrade reaction of low plasticity clay is, 


ks = 40*2*117 = 9360 kN/m3. 


 


Average SPT blow count of organic clay is N = 72 which can be related to an undrained shear 


strengthr of su = 324 kPa. Effective shear strength parameters can be given as c# = 0, 


# = 200, and residual angle of shear strength as r# = 50. Average values of consistency limits 


are, 


wL = 2.25,  wp = 0.29. 
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Modulus of subgrade reaction is, 


ks = 40*2*324 =  25 920 kN/m3. 


TABLE 5 Design soil parameters for clay layers 


Soil


(kN/m3)


su


(kPa)


c�


(kPa)


# 


(0)


#r 


(0)


wn


wL wp


mv


(m2/kN)


ks


(kN/m3)


High
plasticity


clay 
17 86 0 22 8 0.63 1.05 0.30 0.4 0.00012 6880 


Low
plasticity


clay 
17 117 0 30 18 - 0.53 0.23 0.3 0.00009 9360 


Organic
clay 


17 324 0 20 5 - 2.25 0.29 0.3 0.00003 25920 


 


Unit C: Weak Rocks 


Sand and clay layers are underlain mainly by tuff layers. In two of the boreholes along the 


coast, in boreholes DS9 and DS10 tuff layers  are replaced by agglomerate layers. In borehole 


DS5 tuff layer is overlain by 1.50 m thick agglomerate layer and in borehole DS7 tuff and 


agglomerate layers are in alternating sequences. 


 


Tuff is grey-white coloured, fine grained,  and  in weathered state. SPT blow counts in tuff 


layers reached to refusal at 5 to 10 blows. Unconfined compressive strength of tuff is, 


qu = 301 kPa. 


 
Average point load index of tuff samples is Is = 6.37 MPa, and unconfined compressive strength 


derived from that index is, 


qu = 24*6.37 = 153 MPa  


 


Values obtained from direct unconfined compressive strength test and derived from point load 


test are not consistent with each other. 
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Aglomerate is light brown coloured, coarse grained, medium strong, planar rough discontinuities 


coated with ironoxide and clay, sand infilling. Point load tests on agglomerate samples gave 


point load index as Is = 37 MPa, and unconfined compressive strength derived from that index 


is, 


qu = 24*28.54 = 695 MPa. 


Properties of weak rock layers are summarized in TABLE 6. 


 


TABLE 6 Design parameters of weak rock layers 


Rock


(kN/m3) 


qu


(kPa)


Is


(MPa)


qu


(Derived)


(MPa)


Tuff 19 301 6.37 153 0.1


Aglomerate 19 - 28.54 695 0.1


 


Consistency limits of samples recovered from the tuff layer are, 


wn = 0.29,    wL = 0.91,   wp =0.41. 


5.3 Pile Design 


Limiting factor in pile design will be the depth of sea floor.  


 


Embedment depth of piles will also be carefully analysed by considering the properties of soils. 


There does not appear to be any condition that would impede pile driving. It should he possible 


heavy steel piles through weak rocks encountered at the site. 


 


Soil profile consist only a poorly graded sand layer at the sea floor. Neither that layer nor other 


layers encountered at the site is susceptible to liquefaction. 


 


Average shaft friction of Unit A ! sand layers is, 


 


Average shaft friction of Unit B ! clay layers is, 


=1.91,       = 0.42,      
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Average shaft friction of rock socket: 


 


Unit C ! weak rock layers are 


Tuff  qu = 301 MPa   fs = 0.6 *(301)0.5 =10.4 kPa,  


 


This value should be checked when further information is received while pile driving. 


 


Ultimate end bearing capacity of rock socket is limited to the bearing stress that causes 


fracturing in the rock.  If the base of the pile is embedded in rock to a depth of at least one 


diameter, the failure mode is expected to be by punching shear. In this case rock fracturing can 


be expected to occur when the bearing stress is approximately 2.7 times the rock uniaxial 


compressive strength. For design the following value is recommended for pile end bearing, 


qa = 2.7 qu = 2.7 * 301 = 813 kPa 


Unconfined compressive strength of weak rocks varied between qu = 0.5 MPa and qu = 5.0MPa. 


Unconfined compressive strength of tuff falls short for weak rock description.  Aglomerate has 


slightly better strength properties. For simplicity in calculations we may consider those layers as 


sandy gravel soils. Average SPT blow count in tuff layers is N = 50 which is related to an angle 


of shear strength of = 450 and similarly for agglomerate layers average SPT blow count is 


N=30 which is related to an angle of shear strength of = 390. In that case deformation 


modulus is calculated with empirical formula proposed for sandy gravelly soils.  


Es=600(N60+6)+2000. In case of tuff layers deformation modulus is  


Es = 35 600 kPa, and for agglomerate Es = 23 600 kPa. 
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1. GENERAL INFORMATION 


Subject site is within the borders of Izmir City, Aliaga District Map K17.3b.1c Parcel 6310 


having a approximate area of 1.400.000 m2. Aegean Refinery (STAR) Project contains 


refinery complex that is planned by the Socar & Turcas Refinery Corp. in the west part of 


Petkim field that is complex region related with petrochemical and petrol derivatives, Aliaga 


district in Izmir city. 


Soil and foundation survey report based on boring for static calculations has been prepared 


consideringly that soil conditions and structure’s characteristics (structure’s height, 


foundation’s deep, foundation area and structure load etc.) by our company. 


Boring studies have been carried out between on August 11, 2010 – October 1, 2010 by 


Geology Engineer Fatma Burcu BERBERLER.  


Remoulded samples (SPT) and rock core samples are in the scope of laboratory tests have 


been done by the Ege Soil Laboratory Services Ind. Trade. Co. Ltd., Alanyali Geology Boring 


Lab. Serv. Ind. Trade. Co. Ltd. and Akademi Soil and Rock Mechanics Laboratory 


companies certificated by the Ministry of Public Works and Settlement of Turkish Republic. 


In the scope of this project, chemical analysis of soil samples belonging to all boreholes have 


been carried out by laboratory of Ege University Faculty of Agriculture, Department of Soil 


and Plant Nutrition. 


In the scope of this project, chemical analysis of groundwater samples belonging to nine 


piezometer holes in field have been carried out by the Taris Research and Development 


Management Laboratories.  


Geophysical surveys have been carried out and evaluated by Geophysics Engineer Assoc. 


Prof. Mustafa AKGÜN and his technical team from Dokuz Eylul University. 


Office studies have been carried out by Geophysics Engineer Duygu GÜNGÖR, Geology 


Engineer F. Burcu BERBERLER, Geology Engineer Bahar �C�L and Geology Engineer Burcu 


ALTINER. 


Evaluation and report writing have been achieved by Geology Engineer M.Sc. Semih 


ÇAKICI, Geology Engineer M.Sc. �engül KIRHAN, Civil Engineer M.Sc. Levent GÜNGÖR 


and Civil Engineer Mehtap TUNCA. 


1.1. Purpose and Scope of Survey 


Boring studies which are boreholes with coring are No. 27 (BH1/BH13, PZ1/PZ9, DH1/DH4 


ve CH1) and 861,00 m depth, boreholes without coring are No. 2 (1bis ve 1ter) and 84,00 m 


depth, all of their depth is totally 945,00 m indicated in location plan (Appendix-2.1), have 
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been carried out for constituting informations related to refinery complex site’s soil conditions 


in the west part of Petkim field, in Aliaga district in Izmir city. 


SPT tests have been performed with borings for the purpose of determine engineering 


parameters of rock units in investigation area. Remoulded samples (SPT) and rock core 


samples have been taken during the borings. Laboratory tests have been performed on this 


samples for determine soil classification and durability characteristics. 


During this study, informations related to geology and soil structure of vicinity have been 


compiled; geological structure of area has been determined; soil sections have been defined 


in the boreholes; in-situ tests and laboratory tests have been performed; groundwater level 


has been plumbed; compiled data have been evaluated. 


Besides geophysical survey studies have been done in plant area, seismic reflection and 


refration have been measured and seismic reflection and refration profiles have been 


performed. Moreover Down-Hole and Cross-Hole measurements have been taken. 


All the results obtained from field studies and laboratory tests have been evaluated together 


so this report has been prepared. 


In this report, soil conditions are discussed; physical, mechanical and elastic characteristics 


of soil profile are defined; parameters are offered for structure foundations; groundwater 


conditions and features are examined; seismic risk and earthquake factors are defined and 


offered suggestions. 


1.2. Description of Investigation Area 


Project area is located in the Aliaga district of Izmir city (Appendix-1.1). Aliaga district, 


industrial region of Izmir, is neighbour of Manisa in east, Bergama in north, Menemen in 


south and Foca in south-west. There is Izmir-Canakkale highway, which has got double 


round-trip in the city and arriving time is 45 minutes to Izmir from Aliaga. 


1.2.1. Geomorphologic And Environmental Informations  


Aliaga district of Izmir city is located among Dumanli mountain in south-east, Yunt mountain 


in north-east and maritime of Aegean Sea in west. 


The district is dominated by temperate Mediterranean climate. Winters are usually rainy, 


summers are arid. In summer, westerly Imbat wind brings cool to the district. The average 


temperature is between 24 0C - 27 0C in summer, sometimes this temperature passes 35 


degrees during the day. In winter, the average temperature is 7 0C, January is the coldest 


month of the Aliaga (Figure-1.1). 
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Figure-1.1 Temperature and Rain Dispersion Through Long Years in Izmir 


1.2.2. Structural Datas About STAR Project 


The construction of a refinery complex had been planned as a scope of Socar-Turcas 


Aegean Refinery (STAR) Project in, Alia�a District, �zmir City, West part of Petkim site. 


According to the soil investigation test location drawing (BD0506A-0000-41-003) that 


ensured by the project owner (Socar&Turcas A.S), there are variable diameters of tanks for 


the different project elevations and also some other heavy structures (pumps, drums, 


column, steel or/and concrete chimney) that had been determined project elevations, have 


not been known their foundation area (See Appendix-4.1). Exception of general layout 


drawing, any drawing of sections that belongs to the refinery could not been ensured.   


Therefore, with the guidance of project owner (Socar&Turcas A.S) for tank structures’ 


foundations depth has been assumed D=1.5m below the project elevations. The diameter of 


tanks are as in the general layout. Foundation shape of the spherical tank (640-TK-002A 


Tank) that placed on PZ1 borehole has been assumed as square and dimensions have been 


assumed B=26m, L=26m. The facilities that had been specified project elevation and not 


been known foundation area, have been assumed as B=3m, L=3m and foundation depth 


D=2m. Nevertheless, structures’ stresses (including foundation weigth) that is transferred to 


the soil have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities 


due to the loads of structures’ uncertainty. Stress of structure (including foundation weigth) 


that is transferred to the soil have been adopted as 108 kPa for spherical tank that placed on 


PZ1 area. 


Base map of investigation site is also available. When project and boreholes elevations has 


been considered, there are some regions that have been supposed to excavate (max 27.5m) 


and fill (13.5m). Depending on the all of these assumptions and the data obtained, 
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geotechnical analysis have been done for the only facilities’ foundations that located on the 


borehole.  


Ensured and adopted datas of the structures that placed on the boreholes are as in the 


Table-1.1.  


Table 1.1 Structural Datas 


 


1.2.3. Situation of Construction Plan 


Investigation area is located in Aliaga district and is assigned as industrial region (Appendix-


6). 


1.2.4. Previous Soil Studies 


Dokuz Eylul University Faculty Of Engineering, Civil Engineering Department had performed 


a geotechnical survey for the purpose of soil condition survey of  “Cooling Towers Project” in 


Petkim Petrochemical Complex on February, 2003. For this survey, No.2 exploration boring 


PZ-1 640-TK-002A Tank 16.74 14.70 13.20


PZ-2 630-TK-001A Tank 54.38 39.70 38.20


PZ-3 630-TK-009B Tank 17.81 14.70 13.20


PZ-4 U-100  CDU/VDU/NSPI 28.10 24.70 22.70


PZ-5 640-TK-008A Tank 54.92 49.70 48.20


PZ-6 Coke Loading Area 56.35 34.70 32.70


PZ-7 640-TK-007A Tank 69.19 49.70 48.20


PZ-8 630-TK-013C Tank 67.74 79.70 78.20


PZ-9
D,  U850 / Maintanence 


Workshops-Warehouse
97.33 99.70 97.70


DH-1 620-TK-001B Tank 30.86 31.70 30.20


DH-2 640-TK-006A Tank 33.78 34.70 33.20


DH-3 U-190/116/415 34.48 34.70 32.70


DH-4
C,  U840                 


Laboratory-Fire Brigade
99.62 99.70 97.70


CH U-530 76.96 49.70 48.20


BH-1 U-160/161/162/165 26.96 24.70 22.70


BH-2 620-TK-001D Tank 40.44 31.70 30.20


BH-3 U-110 SGP 29.87 34.70 32.70


BH-4 630-TK-006A Tank 43.61 49.70 48.20


BH-5 640-TK-009A Tank 50.48 49.70 48.20


BH-6 U-150 HC/HC PSA 35.90 34.70 32.70


BH-7 640-TK-003 Tank 47.85 34.70 33.20


BH-8 U-150 HC/HC PSA 48.73 34.70 32.70


BH-9 630-TK-015A Tank 51.45 49.70 48.20


BH-10 U-643 Coke Storage 59.28 34.70 32.70


BH-11 630-TK-014A Tank 78.79 49.70 48.20


BH-12 630-TK-013A Tank 72.36 79.70 78.20


BH-13 630-TK-010B Tank 91.86 79.70 78.20


3m x 3m x 2m 100-200


30m x 1.5m 200


3m x 3m x 2m 100-200


3m x 3m x 2m 100-200


82m x 1.5m 200


43.2m x 1.5m 200


52.8m x 1.5m 200


3m x 3m x 2m 100-200


3m x 3m x 2m 100-200


52.8m x 1.5m 200


3m x 3m x 2m 100-200


41.4m x 1.5m 200


Boreholes


30.5m x 1.5m 200


27.5m x 1.5m 200


26m x 26m x1.5m 108


Structures


Dimensions of 


Foundations 


B(m)xL(m)xD(m) or 


R(m)xD(m)


Stress that 


transfered to the 


soil from 


structures (kPa)


Borehole 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


200


100-200


200


200


100-200


200


100-200


200


100-200


200


200


200


82m x 1.5m


3m x 3m x 2m


9.2m x 1.5m


42.4m x 1.5m


3m x 3m x 2m


54.1m x 1.5m


3m x 3m x 2m


49.5m x 1.5m


50m x 1.5m


53mx106.6mx2m


33.4m x 1.5m


52.8m x 1.5m
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(40,5 and 41,0 m depth) had been realized in cooling tower construction area G and No.1 


exploration boring (20,0 m depth) in cooling tower construction area H by our company. 


No.3 15,00 m depth soil exploration boring had been performed by our company within the 


scope of geotechnical survey study for Petkim Petrochemical Complex, Chlorine Alkali Unit 


on February, 2006. 


No.5 20,00 m depth soil exploration boring had been performed by our company within the 


scope of geotechnical survey study for Petkim Petrochemistry Corp., Sanitary Landfill Area 


on April, 2008. 


Fill on surface, in some places alluvial soils bottom of this layer and claystone-sandstone-


marl-tuff in undermost are placed at all studies. 


1.3.    Geology and Tectonic 


1.3.1. Geology of The Izmir and Its Vicinity 


 


There are three different tectonic belts in Izmir vicinity. Easterly belt has been formed by 


Menderes Massif, which consists of a very thick mica schist unit at the bottom end and 


marble pile that occured with metamorphism of  platform-type carbonates over the basement. 


There is another tectonic belt in the massifs’ westward which is named as “ Izmir-Ankara 


Zone” and having characteristics of  “flysch”. “Karaburun Belt” is located in west of this zone 


and consists of  a thick Mesozoic carbonate pile. 


 
Upper Cretaceous age  “Bornova Melange” is basement rock units of the Izmir and its 


vicinity. That complex unit consists of various sizes of platform type limestone blocks in 


flysch matrix whose age is between the range of Campanian-Danian. Bornova Melange is 


repressed upon metamorphics of the Menderes Massif after Danian and probably in the late 


Eocene. All basement rock units are overlaid by Neogene sedimentary and volcanic rocks 


with discordance (Figure-1.2). 


 


From middle Miocene, Neotectonic circumstances have been effected in Izmir vicinity. 


Structural deformations has been occured by reason of various type and size tensions at all 


rock units and geological facies so West Anatolian typical horst-graben structures has been 


occured. 


 


1.3.2. Geology Of Aliaga and Its Vicinity 


 
The geological information presented here is compiled and summarized from the works of 


Genc and Yilmaz (2000) and Esder et al. (1991). Figure-1.3 is the geological map of Aliaga 


and its vicinity. Izmir flysch of the Upper Cretaceous age constitutes the basement of the 
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region. It consists of  successive layering of schists and metasandstones. The metamorphic 


schist occurs in green schist facies conditions; it shows epiclastic characteristics and 


contains recrystallized limestone blocks. Soma Formation (Ts) has been deposited over the 


basement, constituting discordance. This formation is in volcanogenic sediment 


characteristics, and it consists of thick layering of clayey limestone, marl, mudstone, 


sandstone, siltstone, fine limestone, tuffite sequences at the bottom and a variety of 


volcanoclastics at the upper levels (Esder et al., 1991). The average thickness of Soma 


Formation is estimated as 1800 m. the Aliaga volcanics overly Soma Formation with angular 


discordance. 


 
During the Middle Miocene period, the region has been, generally, shore, but sometimes 


covered by shallow waters. During this period, andesitic lavae and intercalated pyroclastics 


named as Aliaga pyroclastics (Tap) has been deposited (Esder et al.,1991). Tuffs generally 


contain volcanic clastics and in some places pyroxene andesites are seen as dyke form. 


Explosive phase’s rocks are acidic tuff, silicated tuff, weathered tuff, pyroclastic rock and 


altered pyroclastic rock in according to result of petrographic studies which are done with 


Aliaga pyroclastics. There are volcanics which consist of  lava flows such as pyroxene 


andesite and perlite in the extrusive phase.The total thickness is about 350 m. Middle 


Miocene age sedimentary rocks which are researched as Çamda� limestones (Tç. Kçt) 


(Esder et al.,1991) are between explosive phase’s pyroclastics over the Miocene age Soma 


Formation and the extrusive phase’s volcanics. Çamda� limestones are gray cream, with 


fossil and thick-bedded which is about 125-150 m. The lower contact of Çamda� limestones 


consist of tuff, tuffite and thin limestone layers alternation; towards to the top there is uniform 


pile with medium-thick bedded which characterizes lagoonal facies. Hatundere dacites 


(Tdst), Sarikaya rhyolites (Tryl), Bozdivlit basaltic andesites (Tba) and Dumanlidag andesites 


(Tand) overlying the Middle Miocene period constitute Aliaga’ s pyroclastics. All of them are 


of sialic origin in calc-alcalic character and constitute the most important units of Aliaga’ s 


volcanics.Hatundere dacites first occured in the Upper Miocene and covered a large area. 


Hatundere dacites are not over the Çamda� limestones, this situation has been interpreted 


as that older Çamda� limestones deposited far away from volcanic activity by Esder et al. in 


1991. Hatundere dacites are dark gray, blackish in some places brown, harder than 


andesites which are over the dacites and have been exposed to hydrothermal alteration. This 


type of lavas have been sprawled from volcanic centers on different strikes (Esder et 


al.,1991). An interruption occurred in the volcanism after the generation of Hatundere dacites 


and erosion started during this period. The current thickness of dacites varies between 75 


and 300 m, while the initial thickness has been 750 m before erosion. Sarikaya rhyolites 


(Tryl) have occured in acid volcanic after Hatundere dacites. This volcanites are seen short, 


thick lava flows and dyke forms on crops, reddish brown, in some places very hard and 


massive form. The average thickness is estimated as 100 m by Esder et al. in 1991. Rhyolite 
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lava flows and rhyolite dykes’ s formation phases are different from each other. Bozdivlit 


basaltic andesites (Tba) which is named by Esder et al. in 1991, have occured on NE-SW 


directional tectonic trends. Their color is black, have cooling columns like basalts. The 


thickness is estimated as about 125-150 m. Agglomerate (Tagl) which is product of explosive 


phase, seen at fissures near by the lava outlet centers, is over the Bozdivlit basaltic 


andesites. Agglomerate consists of angular coarse gravels in tuff  cement. Thickness 


changes between 50-100 m depending on type and intensity of volcanism. Dumanlidag 


andesites (Tand) consist of lava flows which exit from fissures and faults depending on the 


region’ s basic tectonic structure (Esder et al.,1991). These volcanites are sort of  


trachyandesite and andesite. They have constituted topographic elevations cause of 


durability against erosion. Dumanlidag andesites have cut the Aliaga pyroclastics, the 


Hatundere dacites and the Bozdivlit basaltic andesites in the form of thick dyke and have 


flown over them. Top Tepe basalts (Tp) are the latest basic volcanites that occured with 


alkaline volcanism. Quaternary consists of  alluvium and debris. There are some large, flat 


areas inside the valleys. The majority of alluvial units consist of gravel and blocks that are 


transported by streams (Esder et al.,1991). 


 


1.3.3. Structural Geology 


The tectonic evolution of the investigation area can be subdivided into paleotectonic and 


neotectonic periods. In the paleotectonic period, the folding, faulting and thrusting of 


autochthonous and allochthonous units are related to the northeastward subducting of the 


oceanic crust of the northern branch of Neothetis. The Paleotectonic period, and overall 


compression affecting the region, ended by the end of Eocene period. In the Neotectonic 


period, folding, faulting and rifting of the region have been controlled by the westward 


movement of the Anatolian block, caused by the northward pushing of the Arabian Plate. 


Mostly autochthonous is plunging down units in paleotectonic events. This kind of actions 


have been continuing till nowadays hesitantly and have controlled on magmatism and 


volcanism in the past. Now, compression and plunging down actions have stopped 


depending on rifting and graben in Ege regions, all autochthonous and allochthonous units 


(Northern Anatolia plate) have been moving southwestward. The timing and characters of 


volcanism has been controlled by the north-south directed extension that has been the main 


reason of the volcanic activity in the region in this period.  


 
The trends in the Neotectonic period can be classified into three groups, as follows:  
 
1) NE-SW tectonic trends (Middle Miocene-Upper Miocene),  


2) NW-SE tectonic trends (Lower Miocene-Quaternary), 


3) WNW-ESE tectonic trends (Lower Miocene-Quaternary). 
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NW-SE tectonic trends are related with the current graben progress and have a relatively 


young morphology, are more active for tectonic, seismicity and geothermal. The earthquakes 


associated with the graben development occur through the zones in the NW-SE direction. 


The seismic intensity is in accordance with the Dumanlidag volcanic centre. The focal depths 


of the earthquakes are, generally, in the range of 6,5-20 km. these active faults allow the 


transportation of geothermal fluids towards the surface. 


1.3.4. Geology of Investigation Area 


Layer of fill and in some places topsoil layer is placed on surface, generally tuff layer is 


placed to afterwards fill and topsoil layer all along prospection depth in investigation area. 


Besides andesite unit has been observed in southwest part of the area, claystone unit has 


been observed in south of the area and limestone unit has been observed in some places in 


north part of the area.  


1.3.5. Tectonic 


Aliaga and its vicinity where is one of active tectonic locality of Northern Anatolia had been 


consisted of current coastal morphology faults in the region. Two fault sets (NW and NE 


trends) are known in this region. Connection with these two fault sets and age of the 


youngest unit that had been cut by two fault sets signify that they are young (after Early 


Pliocene), active and they had been comprised in the same tectonic regime.  
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Figure 1.2. Simplified Geology Map of Izmir and Its Wide Vicinity. Map had been prepared from 


1/500.000 scaled Turkey Geology Map (MTA).  
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2.FIELD INVESTIGATIONS AND TESTS 


2.1. Description of Field, Laboratory and Office Study Methods and Equipment Used 


Defining of soil’ s geological and geotechnical parameters have been realized with three 


phase for project of construction in investigation area as following: 


Field, laboratory and office studies. 


No. 27 boreholes (BH1/BH13, PZ1/PZ9, DH1/DH4 ve CH1) its depths are totally 861,00 m 


have been performed with coring and No.2 boreholes (1bis ve 1ter) its depths are totally 


84,00 m have been performed without coring, its boring locations are indicated in location 


plan (Appendix-2.1) within the scope of survey. All this boring’ s (with and without coring) 


total depth is  945,00 m. 


Boring works have been perform with No. 2 hydrolic-rotary type boring machines that are 500 


m capacity Atlas Copco Mustang A65R and Joy brand (Appendix-5). 


Standart penetration (SPT) tests for determining durability parameters and constant head 


and falling head permeability tests for permeability parameters have been performed during 


the drilllings. 


Besides, remoulded (SPT) and rock core samples, which have been at proper lithology from 


units of field have been taken for laboratory for the purpose of obtaining geotechnical data 


during the borings. 


Natural moisture content, natural and dry density tests; and sieve analysis, hydrometry tests 


and Atterberg consistency limit tests for obtaining soil classification have been performed at 


SPT and core samples took during the borings. Also uniaxial compression tests, triaxial 


compression tests, point load tests and one-dimensional swelling tests have been performed 


for determining durability parameters (Appendix-3.1). 


Chemical tests (pH, sulfates, chlorides, calcium carbonate, magnesium contents) have been 


performed at topsoil and groundwater samples for the purpose of indication harmful 


substances for concrete (Appendix-3.2 and Appendix-3.3). This samples have been taken 


from units below of project elevation.  


 
Seismic reflection and refration have been measured and seismic reflection and refration 


profiles have been built up along the No. 8 profile indicated location plan at investigation area 


within the scope of geophysical studies. Also No. 4 Down-Hole seismic measurements and 


No. 1 Cross-Hole seismic measurements have been taken within the scope of this studies 


(Appendix-7). 


All the results obtained from field studies and laboratory tests have been evaluated together 


so this report has been prepared. 
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2.2. Boreholes 


No. 27 boreholes (BH1/BH13, PZ1/PZ9, DH1/DH4 ve CH1) its depths are variable between 


30,00 to 45,00 m (totally 861,00 m) have been performed with coring and No.2 boreholes 


(1bis ve 1ter) its depths are 42,00 m (totally 84,00 m) have been performed without coring, 


its boring locations are indicated in location plan (Appendix-2.1). 


Standart penetration tests (SPT) have been performed at the No. 27 boreholes with coring 


during the borings, boring logs have been presented at Appendix-2.2, summary table belong 


to boring studies have been presented here below Table-2.1. 
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Table 2.1 Summary Table of Boring Works 


x y


1 BH-1 26.08.2010 27.08.2010 26,96 4294186,18 493795,58 24,70 Joy/Rotary 38,00


2 BH-2 28.08.2010 30.08.2010 40,44 4294266,19 493670,09 31,70 Joy/Rotary 30,00


3 BH-3 17.09.2010 18.09.2010 29,87 4294461,99 493980,09 34,70 Joy/Rotary 30,00


4 BH-4 14.09.2010 14.09.2010 43,61 4294513,82 493689,10 49,70 Atlas/Rotary 30,00


5 BH-5 13.09.2010 14.09.2010 50,48 4294466.03 493578.31 49,70 Atlas/Rotary 30,00


6 BH-6 14.09.2010 16.09.2010 35,90 4294643.30 493968.40 34,70 Joy/Rotary 45,00


7 BH-7 15.09.2010 16.09.2010 47,85 4294643.30 493805.58 34,70 Atlas/Rotary 30,00


8 BH-8 23.08.2010 25.08.2010 48,73 4294759,72 493971,31 34,70 Joy/Rotary 30,00


9 BH-9 30.09.2010 01.10.2010 51,45 4294759.72 493808.50 49,70 Atlas/Rotary 30,00


10 BH-10 30.08.2010 01.09.2001 59,28 4294972,51 494107,67 34,70 Joy/Rotary 35,00


11 BH-11 03.09.2010 06.09.2010 78,79 4295016,81 493971,95 49,70 Joy/Rotary 40,00


12 BH-12 01.09.2010 03.09.2010 72,36 4295174.25 494136.15 79,70 Joy/Rotary 30,00


13 BH-13 06.09.2010 14.09.2010 91,86 4295174.25 493800.95 79,70 Joy/Rotary 30,00


14 PZ-1 16.08.2010 18.08.2010 16,74 4293523,75 493554,39 14,70 Joy/Rotary 30,00


15 PZ-2 17.08.2010 18.08.2010 54,38 4294281,39 493498,89 39,70 Atlas/Rotary 30,00


16 PZ-3 11.08.2010 14.08.2010 17,81 4294255,23 494011,29 14,70 Joy/Rotary 30,00


17 PZ-4 11.08.2010 12.08.2010 28,10 4294568,89 494114,29 24,70 Atlas/Rotary 30,00


18 PZ-5 14.08.2010 15.08.2010 54,92 4294564,83 493557,04 49,70 Atlas/Rotary 30,00


19 PZ-6 02.09.2010 03.09.2010 56,35 4294972,51 494190,07 34,70 Atlas/Rotary 31,00


20 PZ-7 19.08.2010 20.08.2010 69,19 4294973,59 493806,54 49,70 Atlas/Rotary 30,00


21 PZ-8 04.09.2010 06.09.2010 67,74 4295161,30 493979,66 79,70 Atlas/Rotary 30,00


22 PZ-9 26.09.2010 27.09.2010 97,33 4295492.56 493587.07 99,70 Atlas/Rotary 30,00


23 DH-1 27.08.2010 28.08.2010 30,86 4294002,48 493505,50 31,70 Atlas/Rotary 30,00


24 DH-2 24.08.2010 25.08.2010 33,78 4294464,24 493803,03 34,70 Atlas/Rotary 30,00


25 DH-3 23.08.2010 23.08.2010 34,48 4294761,82 494115,68 34,70 Atlas/Rotary 30,00


26 DH-4 29.09.2010 29.09.2010 99,62 4295335.52 493658.08 99,70 Atlas/Rotary 30,00


27 CH-1 19.09.2010 21.09.2010 76,96 4294770.32 493696.04 49,70 Atlas/Rotary 42,00


861,00


28 CH-1bis 16.09.2010 19.09.2010 76,64 4294765.82 493696.04 49,7 Atlas/Rotary 42,00


29 CH-1ter 23.09.2010 25.09.2010 76,90 4294774.32 493696.04 49,70 Atlas/Rotary 42,00


84,00


Project 


Elevation


TOTAL DEPTH OF BOREHOLES WITH CORING:


TOTAL DEPTH OF BOREHOLES WITHOUT CORING:


No Boring No Start Date End Date
Top Elevation 


of Boreholes


Coordinates of Boreholes
Machine 


Trade/Type


Depth of 


Boring (m)
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2.3. Ground and Surface Water 


Guzelhisar Stream is the only streamlet within the boundaries of Aliaga district. It rises from 


Yunt Mountains and flows during all seasons without drying. Guzelhisar Dam is placed on 


streamlet its average capacity had been measured as 3,71 m3/sec. 


Groundwater in Aliaga vicinity is placed in permeable layers of alluvium segments and 


fissures and spaces of the igneous rocks and the Neogene sediments. Catchment of 


groundwater is taken its source from raining. Rain in reception basin feeds bottom and top 


both with exuding and with brooks, waterways, fissures and fault zone. Releasing is occured 


with wells, evaporation and flow into the sea by the reason of dip. Groundwater has the 


characteristics of unconfined aquifer.   


A part of rain at reception basin in investigation area starts to flow with streams, flowing 


happens generally at the rainy seasons. So many groundwater exploration boreholes had 


been drilled by public and private institutions at around of investigation area. Groundwater 


levels decreases in these boreholes every year, salt-water intrusions are seen at the parts of 


near by the sea.  


Groundwater levels which have been measured at the date of boring end in survey field have 


been shown in Table-2.2. Besides, daily groundwater levels have been measured in No. 9 


piezometer boreholes by cleaning, tubing with PVC tubes, pebble-working (Appendix-2.4-a, 


b,c) in investigation area and have been shown in Table-2.3.  


Table-2.2 Groundwater Measurements 


Date of 


Measurement
Level (m)


1 BH-1 26.08.2010 27.08.2010 27.08.2010 3,20


2 BH-2 28.08.2010 30.08.2010 30.08.2010 3,80


3 BH-3 17.09.2010 18.09.2010 18.09.2010 4,17


4 BH-4 14.09.2010 14.09.2010 14.09.2010 9,28


5 BH-5 13.09.2010 14.09.2010 14.09.2010 11,12


6 BH-6 14.09.2010 16.09.2010 16.09.2010 4,29


7 BH-7 15.09.2010 16.09.2010 16.09.2010 4,38


8 BH-8 23.08.2010 25.08.2010 25.08.2010 4,07


9 BH-9 30.09.2010 01.10.2010 01.10.2010 4,13


10 BH-10 30.08.2010 01.09.2001 01.09.2001 4,67


11 BH-11 03.09.2010 06.09.2010 06.09.2010 5,06


12 BH-12 01.09.2010 03.09.2010 03.09.2010 4,51


13 BH-13 06.09.2010 14.09.2010 14.09.2010 5,21


14 DH-1 27.08.2010 28.08.2010 28.08.2010 7,12


15 DH-2 24.08.2010 25.08.2010 25.08.2010 3,89


16 DH-3 23.08.2010 23.08.2010 23.08.2010 3,97


17 DH-4 29.09.2010 29.09.2010 29.09.2010 9,85


18 CH-1 19.09.2010 21.09.2010 21.09.2010 6,74


No Boring No Start Date End Date


Groundwater
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Chemical analysis have been performed on groundwater samples of No. 9 piezometer 


boreholes by Taris Research and Development Management Laboratories. Mentioned 


chemical analysis results have been represented in Appendix-3.2. 


Chart-1 Effect Classes  


XA 1


XA 2


XA 3


Slight Harmful Chemical Ambiance


Medium Harmful Chemical Ambiance


Very Harmful Chemical Ambiance
 


Effects classify as following table if concrete is exposed to harmful chemical effects that arise 


from natural soils and groundwaters showed in Chart-2. Sea water classifies according to 


geographic region, thus received classification is performed in place where the concrete will 


be used. 


Chart-2 Limit Values of Effect Classes for Harmful Chemical Effects That Arise from Natural Soils 


and Groundwaters 


XA 1 XA 2 XA 3


� 200 ve � 600 > 600 ve � 3000 > 3000 ve � 6000


 � 6,6 ve � 5,5  < 5,5 ve � 4,5  < 4,5 ve � 4,0


� 15 ve � 40 > 40 ve � 100


from > 100 until 


becomes 


saturated 


� 15 ve � 30 > 30 ve � 60 > 60 ve � 100


� 300 ve � 1000 > 1000 ve � 3000


from > 3000 until 


becomes 


saturated 


� 2000 ve � 3000
c > 3000


c
 ve        


�12000


> 12000 ve        


�24000


> 200 Baumann 


Gully


Chemical Property Referenced Test Method


Groundwater


(SO4)
-2


    (mg/l)


CO2  (mg/l) (harmful effect)


EN 196-2


prEN 13577 : 1999


(NH4)
+
    (mg/l)


pH ISO 4316


Mg
+2


    (mg/l)


ISO 7150-1 veya ISO 7150-2


ISO 7980


Soil


not important for application


(SO4)
-2


    (mg/kg
a
) (total)


Acidity   (mL/kg) 


EN 196-2
b


DIN 4030-2


 


In following classification about harmful chemical ambiance, temperature of natural soil and 


groundwater had been accepted as in the range of 5-25°C and water flow velocity had been 


accepted as slow almost stable. 


The most dominant any value belong to chemical property determines class. 


In case of two or more harmful chemical property is indicated same class, ambiance has to 


be accepted in next higher class. But this procedure does not apply unless the special 


situation requires to choose the next class. 


In according to analysis of groundwater samples, all the piezometer boreholes (except PZ-4 


borehole) contain Sulfate as between the range of 0,01-3,62 me/l (avg. 1,81 me/l ) 3,63 me/l 
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value which is the highest value in terms of Sulfate content has been calculated as 173,89 


mg/l. 


Groundwater samples performed analysis have been confirmed to be weak abrasive 


property for concrete in consequence of sulfate content is less than 600 mg/L according to 


TS 3440 (Construction Rules For Concrete Which Will Be Influenced by Water, Soil and 


Gases With Harmful Chemical Effects) accepted on May 18, 1992. 


Classification and definition (TS EN 206-1) that have been applied using Charts 1 and 2 


according to (SO4)
-2 and pH values obtained from piezometer samples’ analyses have been 


shown on following table: 


according to 


(SO4)
-2


  value 


according to     


pH value


PZ-1 2,8821 7,74 XA 1 XA 1


PZ-2 0,48035 7,34 XA 1 XA 1


PZ-3 139,3015 7,63 XA 1 XA 1


PZ-4 0 7,2 XA 1 XA 1


PZ-5 0,9607 7,9 XA 1 XA 1


PZ-6 28,34065 7,63 XA 1 XA 1


PZ-7 173,8867 7,47 XA 1 XA 1


PZ-8 74,9346 7,64 XA 1 XA 1


PZ-9 4,8035 7,11 XA 1 XA 1


Definition                         


(according to TS EN 206)


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


(SO4)
-2           


(mg/l)


pH       


(25°)


BoreHole 


No


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Slight Harmful Chemical Ambiance


Classification (according to TS EN 206)


 


2.4. In-situ Tests 


2.4.1. Standart Penetration Test 


The standard penetration test (SPT) is an in-situ dynamic penetration test designed to 


provide information on the geotechnical engineering properties of soil according to TS-5744. 


This is driven into the ground at the bottom of a borehole by blows from a slide hammer with 


a weight of 63.5 kg (140 lb) falling through a distance of 760 mm (30 in). The sample tube is 


driven 150 mm into the ground and then the number of blows needed for the tube to 


penetrate each 150 mm (6 in) up to a depth of 450 mm (18 in) is recorded. The sum of the 


number of blows required for the second and third 6 in. of penetration is termed the 


"Standard Penetration Resistance" or the "N-value (N30)". In cases where 50 blows are 


insufficient to advance it through a 150 mm (6 in) interval the penetration after 50 blows is 


recorded. This test can be applied on various soil types from soft-hard clays to loose-dense 


sands. Relative density and consistency describings of soil related to SPT N30 value have 


been presented in Table-2.4. 
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Correctness of laboratory studies (especially performed consolidation and direct shear tests 


on undisturbed samples) is depended on perfection and caution of team and quality of 


samples. Minor deformations may occur on sample which may be reason of important 


differences on laboratory test results while undisturbed sample is taking. SPT which is an in-


situ test is seen as reliable method for in-situ soils. Test is performed potently and 


successfully in Turkey as all the world. Correlation has been indicated between with SPT test 


results and undrained shear strength (cu) for cohesive soils in Table-2.5. 


SPT tests have been performed at No. 27 locations (totally 861,00 m depth) on appropriate 


soils in investigation area. Correlation has been shown between with N30 values belong to 


soil prospection boreholes and depth in Figure-2.1. 


Table 2.4 Description of soils according to SPT-N values 


1 – 2 Very Soft 1 – 4 Very Loose


2 – 4 Soft 4 – 10 Loose
4 – 8 Medium Stiff 10 – 30 Medium Dense
8 – 15 Stiff 30 – 50 Dense
15 – 30 Very Stiff > 49 Very Dense


> 29 Hard


FINE GRAINED


(Clay, Silt) 


COURSE GRAINED


(Sand, Gravel)


SPT (N) Value 


(Nr. of blows 


for 30 cm)


Descriptions


SPT (N) Value 


(Nr. of blows for 


30 cm)


Descriptions


 


Table 2.5 Approximate values of undrained shear strength for cohesive soils based on SPT blow 


count N-values 


< 0.12 0,15 < 0.12
< 250 300 < 250


0.12 – 0.25 0.15 – 0.30 0.12 – 0.25
250 – 500 300 – 600 250 – 500
0.25 – 0.50 0.30 – 0.60 0.25 – 0.50


500 – 1000 123 500 – 1000
0.50 – 1.00 0.60 – 1.20 0.50 – 1.00
1000 – 2000 1200 – 2400 1000 – 2000


1.00 – 2.00 1,2 1.00 – 2.00


2000 – 4000 2400 2000 – 4000
> 2.00 > 2.25 > 2.00
> 4000 > 4500 > 4000


Soft 3 – 4


Medium Stiff 5 – 8


Stiff 9 – 15


Very Stiff


Hard > 30


Very Soft 0 – 2


16 – 30


Undrained Shear Strengths – Cu


(kgf/cm
2
 – psf)Soil 


Consistency from Terzaghi and 
Peck, (1967)


from Tschebotarioff 
(1973)


from Parcher and 
Means (1968)


SPT N


(See 
Note)


 
Reference: McGREGOR, J.A. and DUNCAN J. M., 1998; “Performance and Use of the Standard Penetration Test in 


Geotechnical Engineering Practice”, Center for Geotechnical Practice and Research, Virginia Polytechnic Institute and State 


University, USA 


 


 


 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 19 EGE TEMEL DRILLING CO. 


 


 


 


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


0 5 10 15 20 25 30 35 40 45 50


SPT - N


D
e
p
th


 (
m


)


BH-2


BH-3


BH-4


BH-5


BH-6


BH-7


BH-8


BH-9


BH-10


BH-12


Figure-2.1.a Correlation Between N30 Values Belong to BH-1/BH-13 Boreholes and Depth  
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Figure-2.1.b Correlation Between N30 Values Belong to PZ-1/PZ-9 and DH-1/DH4 Boreholes and 


Depth 


 


Evaluation of SPT Blow Counts 


Following corrections make on blow counts obtained from standart penetration tests on soil 


foundation borings: 


- Rod energy correction (ER), 


- Length of rods (CL), sampler type (CS) and diameter of borehole (CD) corrections, 


- Overburden stress correction (CN). 
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Standardization of SPT Corrections 


Groundwater correction: 


If standard penetration test depth is below the groundwater level and Nfield values is greater 


than 15, groundwater correction is applied for fine sand and silty sand soil layer. 


Groundwater correction equation is given as follow (Meyerhof, 1956): 


For Nfield>15 and Soil Type: Fine sand and silty sand  


N’ = 15 + [0.5 (Nfield –15)]  


Rod energy correction (ER): 


60 field field
60


R


E


E
N N C N


� �= × = ×� �
� �


   where; 


N60 = N-value corrected to 60% of the maximum theoretical 


Nfield = SPT N-value for measured in the field (blow count/30 cm) 


Length of rods (CL), sampler type (CS) and diameter of borehole (CD) corrections: 


CL= Correction factor for length of rod under blow block 


CS= Correction factor for SPT sampler 


CD= Correction factor for diameter of borehole 


Formula of the N60 will be as follows after these corrections: 


60 field
60


R


L S D


E
N N C C C


� �= × × × ×� �
� �


  


Overburden stress correction (CN): 


N blow counts are related to relative density of soil and depth of effective stress performed 


test. 


The formula has been used that had been developed by Tokimatsu ve Yoshimi (1983) as 


following; 


 
'7.0


7.1


v


N
C


σ+
=   In equivalent; σ’=Effective Overburden stress 


New formula of the N60 will be as follows after these corrections: 


( )


( )


1 6060


1 field60 60


N


R


L S D N


N N C


E
N N C C C C


= ×


� �= × × × × ×� �
� �


 


Determined  (N1)60  values have been shown in Table-2.6, graphic of changing with depth has 


been shown in Figure-2.2. 


. 
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Figure-2.2.a Correlation between revision SPT values and depth for BH-1/BH-13 borehole  
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Figure-2.2.b Correlation between revision SPT values and depth for PZ-1/PZ-9 and DH-1/DH4 boreholes  
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Correction factors for SPT values have been shown following tables:  


 


Energy Correction Factors Proposed by Seed et al. (1984) 


Automatic 78


Safety 60


Donut 450,75


1,3


1


Hammer Correction 


Factor (CE = ER/60)


Energy 


Ratio 


(ER)


Hammer 


Type


 


 


Correction Factors for Rod Length, Sampler Type and Diameter of Borehole 


1


0,95


0,85


0,75


1


1,2


1


1,05


1,15


Correction Type


Rod length below the 


anvil (m)


Sample barrel type


Correction factor


CL


CS


4 to 6


3 to 4


If sampler which not including inner tube is used


> 10


6 to10


Borehole diameter


65 – 115 mm


150 mm


200 mm


CD


If standard sampler (including inner tube) is used


Descriptions


 


 


In according to these tables Correction Factors used as CE  = 0,75 , CL = 0,95 , CS = 1,00 


and  CD = 1,00 in calculations and graphics. 
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Table-2.6.a. SPT Results For BH-1/BH-13 Boreholes 


Boring No
Sample 


No


Density    
(�)        


gr/cm3


Depth of 
Groundw
ater (m)


SPT 
depth 


(middle 
point)    
(m)


Relative Density 
/ Stiffness for 


(N1)60


Groundwater 
Correction for 


Sands


with Rod 
Correction    


N60 


Relative Density 
for Sands        


Dr              
(%)


Angle of 
Internal 
Friction     


(Ø)-        
Degree


Youngs' 
Modulus    


(ES)        
(kPa)


Uniaxial 
Compression 


Strength 


(kg/cm2)


 With 
Overburden 


stress 
correction    


(N1)60


SPT-1 1,50 1,55 1,80 3,80 1,50 refu 50/5


SPT-2 3,00 3,04 1,80 3,80 3,00 refu 50/4


SPT-3 4,50 4,95 1,80 3,80 4,70 32 -- Very Stiff 23 9,2 26


SPT-4 6,00 6,45 1,80 3,80 6,20 37 -- Very Stiff 26 9,8 28


SPT-5 7,50 7,95 1,80 3,80 7,70 41 -- Very Stiff 29 10,2 29


SPT-6 9,00 9,45 1,80 3,80 9,20 51 -- Hard 36 11,8 34


SPT-1 1,50 1,52 1,80 4,17 1,50 refu 50/2


SPT-2 4,50 4,51 1,80 4,17 4,50 refu 50/1


SPT-1 3,00 3,45 1,75 9,28 3,20 19 -- Very Stiff 14 6,3 18


SPT-2 4,50 4,95 1,80 9,28 4,70 59 -- Hard 42 16,0 46


SPT-3 6,00 6,45 1,80 9,28 6,20 80 -- Hard 57 18,4 54


SPT-4 7,50 7,95 1,80 9,28 7,70 60 -- Hard 43 12,1 35


SPT-5 9,00 9,45 1,80 9,28 9,20 58 -- Hard 41 10,3 30


SPT-6 10,50 11 1,80 9,28 10,70 95 -- Hard 68 16,1 47


SPT-7 12,00 12,3 1,80 9,28 12,10 refu 50/25


SPT-8 13,50 13,7 1,85 9,28 13,60 refu 50/15


SPT-1 3,00 3,25 1,85 11,12 3,10 refu 50/25


SPT-2 4,50 4,95 1,85 11,12 4,70 37 --
Medium 
Dense 26 66 39,0 14036 28


SPT-3 6,00 6,45 1,85 11,12 6,20 82 -- Very Dence 58 92 48,0 22217 54


SPT-4 7,50 7,65 1,95 11,12 7,60 refu 50/15


SPT-1 1,50 1,95 1,65 4,29 1,70 23 --


SPT-2 3,00 3,45 1,80 4,29 3,20 46 -- Hard 33 15,0 44


SPT-3 4,50 4,53 1,80 4,29 4,50 refu 50/3


BH-7 SPT-1 3,00 3,45 1,80 4,38 3,20 98 -- Hard 70 32,1 93


SPT-1 1,50 1,95 1,90 4,07 1,70 16 --
Medium 
Dense


11 35,3 17036 19


SPT-2 3,00 3,45 1,85 4,07 3,20 50 -- Dence 36 79 45,8 19934 47


SPT-3 4,50 4,53 1,95 4,07 4,50 refu 50/3


SPT-4 6,00 6,05 1,85 4,07 6,00 refu 50/5


SPT-5 7,50 7,95 1,85 4,07 7,70 53 --
Medium 
Dense


34 24 62 36,8 12400 23


SPT-6 9,00 9,45 1,85 4,07 9,20 29 --
Medium 
Dense


22 16 50 31,9 9394 14


SPT-7 10,50 11 1,85 4,07 10,70 31 --
Medium 
Dense


23 16 51 31,8 9306 14


SPT-8 12,00 12,04 1,80 4,07 12,00 refu 50/4


SPT-1 1,50 1,95 1,80 4,13 1,70 28 -- Hard 20 11,6 33


SPT-2 3,00 3,45 1,80 4,13 3,20 28 -- Very Stiff 20 9,2 26


SPT-3 4,50 4,95 1,80 4,13 4,70 24 -- Very Stiff 17 6,7 19


SPT-4 6,00 6,45 1,80 4,13 6,20 52 -- Hard 37 13,6 39


SPT-5 7,50 7,95 1,80 4,13 7,70 58 -- Hard 41 14,1 41


SPT-6 9,00 9,45 1,80 4,13 9,20 32 -- Very Stiff 23 7,3 21


SPT-7 10,50 10,95 1,95 4,13 10,70 97 -- Very Dence 69 46,2 39343,1 56


BH-10 SPT-1 1,50 1,95 1,80 4,67 1,70 41 -- Hard 29 17,0 49


SPT-1 1,50 1,53 1,80 4,51 1,50 refu 50/3


SPT-2 3,00 3,45 1,80 4,51 3,20 32 -- Hard 23 10,5 30


SPT-3 4,50 4,55 1,80 4,51 4,50 refu 50/5


BH-8


BH-9


BH-12


30 cm
Total N Values 


(piece)
Test Range


BH-2


BH-3


BH-4


BH-5


BH-6
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Table-2.6.b. SPT Results For BH-1/BH-13 Boreholes PZ-1/PZ-9 and DH-1/DH-4 


Boring No
Sample 


No


Density  
(�)     


gr/cm3


Depth of 
Groundw
ater (m)


SPT 
depth 


(middle 
point)    
(m)


Relative Density 
/ Stiffness for 


(N1)60


Groundwater 
Correction 
for Sands


with Rod 
Correction  


N60 


Relative 
Density for 


Sands         
Dr            
(%)


Angle of 
Internal 
Friction     


(Ø)-        
Degree


Youngs' 
Modulus    


(ES)        
(kPa)


Uniaxial 
Compressi


on 
Strength 


(kg/cm2)


 With 
Overburden 


stress 
correction    


(N1)60


SPT-1 3,00 3,45 1,80 4,62 3,20 43 -- Hard 31 14,07 41


SPT-2 4,50 4,77 1,85 4,62 4,60 refu 50/27


SPT-3 6,00 6,07 1,85 4,62 6,00 refu 50/7


SPT-4 7,50 7,55 1,85 4,62 7,50 refu 50/5


SPT-5 9,00 9,01 1,85 4,62 9,00 refu 50/1


SPT-1 6,00 6,45 1,80 11,68 6,20 42 -- Very Stiff 30 9,68 28


SPT-2 7,50 7,65 1,80 11,68 7,60 refu 50/15


SPT-1 1,50 1,53 1,95 4,53 1,50 refu 50/3


SPT-2 3,00 3,45 1,80 4,53 3,20 41 -- Hard 29 13,41 39


SPT-3 4,50 4,95 1,85 4,53 4,70 78 -- Dence 46,5 33 74 42,1 16536 36


SPT-4 6,00 6,45 1,80 4,53 6,20 89 -- Hard 63 11,64 66


SPT-5 7,50 7,54 1,80 4,53 7,50 refu 50/4


SPT-6 9,00 9,06 1,85 4,53 9,00 refu 50/6


SPT-1 3,00 3,05 1,80 5,11 3,00 refu 50/5


SPT-2 4,50 4,95 1,80 5,11 4,70 25 -- Very Stiff 18 6,76 19


SPT-3 6,00 6,45 1,80 5,11 6,20 30 -- Very Stiff 21 7,36 21


SPT-4 7,50 7,95 1,80 5,11 7,70 35 -- Very Stiff 25 8,04 23


SPT-5 9,00 9,45 1,80 5,11 9,20 34 -- Very Stiff 24 7,35 21


SPT-6 10,50 11 1,80 5,11 10,70 57 -- Hard 41 11,62 34


SPT-7 12,00 12,5 1,80 5,11 12,20 73 -- Hard 52 14,08 41


SPT-1 1,50 1,58 1,80 3,89 1,50 refu 50/8


SPT-2 3,00 3,45 1,80 3,89 3,20 35 -- Hard 25 11,4 33


SPT-3 4,50 4,95 1,80 3,89 4,70 27 -- Very Stiff 19 7,7 22


SPT-4 6,00 6,45 1,85 3,89 6,20 65 -- Dence 40 29 68 39,7 14528 30


SPT-5 7,50 7,95 1,80 3,89 7,70 77 -- Hard 55 19,0 55


SPT-6 9,00 9,15 1,80 3,89 9,10 refu 50/15


SPT-1 3,00 3,45 1,80 3,97 3,20 47 -- Hard 33 15,4 45


SPT-2 4,50 4,95 1,80 3,97 4,70 36 -- Very Stiff 26 10,2 29


SPT-3 6,00 6,45 1,80 3,97 6,20 44 -- Hard 31 11,6 33


SPT-4 7,50 7,95 1,80 3,97 7,70 50 -- Hard 36 12,3 35


SPT-5 9,00 9,45 1,80 3,97 9,20 87 -- Hard 62 20,0 58


SPT-6 10,50 10,68 1,80 3,97 10,60 refu 50/18


SPT-1 3,00 3,45 1,80 9,85 3,20 61 -- Hard 43 46,8 20,0 58


SPT-2 4,50 4,55 1,80 9,85 4,50 refu 50/5


DH-2


DH-3


DH-4


30 cm
Total N Values 


(piece)
Test Range


PZ-7


PZ-1


PZ-5


PZ-6
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Uniaxial Compression Strengths of Clays (qu) 


SPT-N values can be used to estimate of uniaxial compression strengths of clays (qu). In this 


study, uniaxial compression strengths of clays-silts which have got different plasticities have 


been determined with using graphics that offered by Sowers (1979) (Figure-2.3). 
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qu = (N / 13.495)


Clays of medium 


plasticity 


(Sowers,1979)


qu = (N / 5.5556)


Clays of high plasticity 
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qu = (N / 2.8571)


Terzaghi and Peck 


(1967) 


 


Figure-2.3 Correlation Between Revised SPT Values of Clayey Soils and Uniaxial 


Compression Strength (Mcgregor And Duncan, 1998) 
 
 


2.4.2. Permeability Tests 


The permeability test is a measure of the rate of the flow of water through soil or rock’s 


fissures that can be determined with pressure and/or without pressure. Falling head and 


constant head permeability tests have been performed in piezometer bores in investigation 


area depends on soil type.  


Falling head permeability method is used on clayey or silty soils that named as semi-


permeable or low-permeable soils. Constant head permeability method is used on sandy or 


gravelly soils that named as high-permeable soils. 


Coefficient of permeability (K) and test results that obtained from falling head and constant 


head permeability tests in investigation area have been shown following Table-2.7. 
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Classification in according to K Permeability Coefficient of Rocks  


Degree of 


Permeability 
Definition 


<10-6 Non-Permeable 


10-6-10-5 Low Permeable 


10-5-10-4 Semi-Permeable 


10-4-10-3 Permeable 


>10-3 High Permeable 


 


Table-2.7. Test Results of Permeability 


Boring 


No
Test Type Test Time


Test Level 


(m)


Total Water 


Loss        


(lt)


Coefficient of 


Permeability     


K               


(cm/sn)


Permeability Lithology


Fall Head 20 min 5,00 0,50 3,64 10-7 Non-Permeable TUFF


Constant Head 21 min 10,00 12,00 4,68 10-6 Low Permeable TUFF


Constant Head 22 min 25,00 31,00 5,30 10-6 Low Permeable TUFF


Constant Head 23 min 5,00 179,00 1,20 10-3 High Permeable TUFF


Constant Head 24 min 10,00 103,00 3,02 10-4 Permeable ANDESITE


Constant Head 25 min 25,00 75,00 1,28 10-4 Permeable ANDESITE


Fall Head 26 min 5,00 0,00 7,28 10-9 Non-Permeable TUFF


Fall Head 27 min 10,00 0,00 3,90 10-9 Non-Permeable TUFF


Fall Head 28 min 25,00 0,00 1,71 10-8 Non-Permeable TUFF


Constant Head 29 min 5,00 159,00 1,16 10-3 High Permeable TUFF


Constant Head 30 min 10,00 3,50 1,37 10-5 Semi-Permeable TUFF


Fall Head 31 min 10,00 3,00 1,17 10-5 Semi-Permeable TUFF


Fall Head 32 min 25,00 2,00 3,42 10-6 Low Permeable TUFF


Fall Head 33 min 5,00 1,00 4,95 10-6 Low Permeable TUFF


Fall Head 34 min 10,00 0,50 1,05 10-6 Low Permeable TUFF


Constant Head 35 min 25,00 COULDN'T BE DONE - TUFF


Constant Head 36 min 5,00 68,00 4,95 10-4 Permeable TUFF


Constant Head 37 min 10,00 159,00 6,02 10-4 Permeable TUFF


Constant Head 38 min 25,00 207,00 3,54 10-4 Permeable TUFF


Fall Head 39 min 5,00 0,50 3,93 10-6 Low Permeable TUFF


Fall Head 40 min 10,00 1,60 6,36 10-6 Low Permeable TUFF


Fall Head 41 min 25,00 2,20 3,80 10-6 Low Permeable TUFF


Constant Head 42 min 5,00 110,00 8,00 10-4 Permeable TUFF


Constant Head 43 min 10,00 35,00 5,99 10-5 Semi-Permeable ANDESITIC TUFF


Constant Head 44 min 25,00 13,00 9,46 10-5 Semi-Permeable ANDESITIC TUFF


Constant Head 45 min 5,00 63,00 4,58 10-4 Permeable ANDESITIC TUFF


Constant Head 46 min 10,00 21,00 8,19 10-5 Semi-Permeable ANDESITIC TUFF


Constant Head 47 min 25,00 18,00 3,08 10-5 Semi-Permeable ANDESITIC TUFF


PZ-1


PZ-2


PZ-3


PZ-8


PZ-9


PZ-4


PZ-5


PZ-6


PZ-7
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Correlation between coefficient of permeability (K) and depth has been shown at following 


graphic,   


Coefficient of Permeability (K) (cm/sn)


0


1


2


3


4


5


6


7


8


9


10


11


12


13


14


15


16


17


18


19


20


21


22


23


24


25


26


27


1
,0


0
E


-1
0


1
,0


0
E


-0
9


1
,0


0
E


-0
8


1
,0


0
E


-0
7


1
,0


0
E


-0
6


1
,0


0
E


-0
5


1
,0


0
E


-0
4


1
,0


0
E


-0
3


1
,0


0
E


-0
2


D
e
p
th


 (
m


)


PZ-1


PZ-2


PZ-3


PZ-4


PZ-5


PZ-6


PZ-7


PZ-8


PZ-9


 


 


 


 


 


 


 


 


 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 30 EGE TEMEL DRILLING CO. 


2.4.3. Geophysical Survey  


2.4.3.1.a Purpose And Scope 


The study area is in the southeast, Aliaga-Izmir Dumanlı Mountain, northeast Yunt Mountain 


and is bordered by the Aegean Sea in the west. Also, in the east of Manisa, in the north of 


Bergama, Foca districts adjacent to the south and southwest Menemen (Figure 2.4.1). 


 
(Figure 2.4.1.) The Relationship Between Geology and Tectonics of the Western Anatolia Workspace 


(See Uzel, et.al. 2010. References 1) 


 


Tectonic development of the study area in western Anatolia and the surrounding area as a 


tectonic developed NE-SW faults are structured. Active seismicity is located within a region 


(Figure 2.4.1). This situation must be investigated in detail in the study area as a regional 
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and earthquakes. Also, According to reports on the ground, as geological, these units were 


observed from top to bottom: 


 


Crop land: 


1.0 to 3.0 m thickness of soil geotechnical parameters for Herbal identified. Surface seismic 


studies, the floor, ventilation openings and seasonal effects, depending on the seismic 


velocity values show a wide range. 


- Tuff-Tuffite: 


Light brown-white in color, in places, fine gravel, clay, silt and sand-level, andesitic volcanic 


sedimentary origin, 13.0 to 15.0 m has been observed in various thicknesses. Tuff unit value 


of the SPT: SPT N30 = 9-R and the unit is defined as a hard-very hard. 


Seismic velocity values observed in our work on this basis (depending on the particular unit 


of clay), probably Vp> 1500 m / sec and Vs> 500-600 m / sec as expected. 


- The volcanic origin of units: 


Gravelly sandy clay or tuff-sandstone unit is under tuffite. Gravelly Sandy Clay: reddish 


brown-colored, durable, 10.0 to 13.0 m deep was observed after (S-4 and S-5 wells). Value 


of SPT, SPT N30 = 28-R and the unit is defined as a very hard-too hard. Sandstone: 


fractured-weathered fractured, clayey volcaniclastic sandstone unit of the observed 10.0 to 


13.0 m depth (S-7 and S-8 wells). RQD value for this unit: RQD = 31% and is defined as the 


rock quality is poor. Surface seismic our work in this unit probably seismic velocities Vp>> 


1500 m / sec and Vs> 600-700 m / sec to obtain expected values. 


 


2.4.3.1.1. Surface Geophysical Studies 


Surface geophysical studies have been performed according to ASTM standards. In this 


context, the first stage, to decide the parameters of the geophysical studies and seismic 


properties of the media in order to determine the seismic refraction and seismic reflection 


measurements have been tested. 


Measurements taken after the experiment in the study area (Figure 2.4.2 and 2.4.3) of 18 


seismic refraction  profiles (Figure 2.4.3), 2 seismic reflection profiles (Fig. 2.4.4) from the 


wells to 5 wells and seismic downhole seismic methods were applied. In addition, in terms of 


speed vs. environment for the investigation of lateral and vertical direction Multichannel 


Analysis of Surface Waves method (MASW) application were an average of 31 profiles (Fig. 


2.4.5). In addition, the downhole seismic studies were performed well early in the MASW. 


Seismic refraction, reflection and MASW Studies in equipment; Geometrics (48-channels 2 x 


Geode 2 * 24) recorder, 4.5 and 14 Hz. vertical geophone (48 pieces) with the acceleration 


hydraulic hammer (100 lb) sledgehammer (8 kg) and Shot-Gun was used (Figure 2.4.2). In 


addition, operating parameters of land; 2-5 m geophone interval, 0.5 - 2 sec record length, 


0,125 to 1 msec. Sampling interval, with at least 3 pieces of different geometric opening off-
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set distances from the stack (1, 2, 3, 4 .. 30 m) is based. However, the lateral and vertical 


direction to increase the speed of seismic reflection profiles, each geophone points and / or 


intermediate points of geophone depth sections to get the speed of the shots  were done. 


 


Fig. 2.4.2. Surface Geophysics Working Equipment 
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Figure.2.4.3. Seismic Refraction Profiles 


 


 


 


Figure.2.4.4. Seismic reflection profiles 
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Figure.2.4.5. MASW Profiles 


 


Surface geophysical work was prepared as a result of evaluation of seismic refraction depth 


sections of speed figures are given in 2.4.6 – 2.4.22  . 


 


 
Figure.2.4.6. G1-1 Section (W-E-Way) 
 


 


 
Figure.2.4.7. G1-2 Section (W-E-Way) 
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Figure .2.4.8. G2-1 Section (W-E-Way) 
 


 


 
Figure.2.4..9. G2-2 (W-E Way) 
 


 


 


 
Figure.2.4.10.  G3-1 Section (W-E Way) 
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Figure.2.4.11.  G3-2 Section (W-E Way) 
 


 


 
Figure.2.4.12.  G4-1 Section (SW-NE Way) 


 
 


Figure.2.4.13. G4-2 Section (GB-KD Way) 
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Figure.2.4.14.  G4-3 Section (SW-NE Way) 
 


 


 


 
Figure.2.4.15.  G5-1 Section (SW-NE Way) 
 


 


 


    


 
Figure.2.4.16.  G5-2 Section (SW-NE Way) 
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Figure.2.4.17.   G6-1 Section (SW-NE Way) 
 


 


 
Figure.2.4.18.  G6-2 Section (SW-NE Way) 
 


 


 
Figure.2.4.19.  G6-3 Section (SW-NE Way) 
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Figure.2.4.20.  G7-1  Section(S-N Way) 
 


 


 
Figure.2.4.21.  G7-2  Section(S-N Way) 
 


 


 


 
Figure.2.4.22.  G-8  Section(S-N Way) 
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Prepared as a result of the evaluation of seismic reflection data, seismic reflection depth 


velocity form cross sections  are given in 2.4.23 – 2.4.24  


 


Figure.2.4.23. G4-1 Section (SW-NE Way) 
 


 


 
Figure.2.4.24. G7-1 Section (S-N Way) 
 


 


 


The results of the study prepared by MASW-speed sections of the depth shape are shown in 


2.4.25 – 2.4.55. Each series from the beginning, middle and end, including 15 and 30 m. Off-


Set by using the depth in each direction – speed sections were prepared. 
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Figure.2.4.25.  G1-11 Section (W-E Way) 


 


 


 
Figure.2.4.26.   G1-12 Section (W-E Way) 
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Figure.2.4.27.  G1-21 Section (W-E Way) 
 


 


 


 


Figure.2.4.28.  G1-22 Section (W-E Way) 
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Figure.2.4.29.  G2-11 Section (W-E Way) 
 


 


 


 
Figure.2.4.30.  G2-12 Section (W-E Way) 
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Figure.2.4.31.   G2-21 Section (W-E Way) 
 


 


 


 
Figure.2.4.32.   G2-22 Section (W-E Way) 
 


 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 45 EGE TEMEL DRILLING CO. 


 
Figure.2.4.33.  G3-11 Section (W-E Way) 
 


 


 


 


 
Figure.2.4.34.  G3-12 Section (W-E Way) 
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Figure.2.4.35.   G3-2 Section (W-E Way) 
 


 


 


 
Figure.2.4.36. Section  G4-11 (SW-NE Way) 
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Figure.2.4.37.   G4-12  Section(SW-NE Way) 
 


 


 
Figure.2.4.38.  G4-21 Section (SW-NE Way) 
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Figure.2.4.39.  G4-22 Section (SW-NE Way) 
 


 


 
 


Figure.2.4.40.   G4-31 Section (SW-NE Way) 
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Figure.2.4.41.   G4-32 Section (SW-NE Way) 
 


 


 


 
Figure.2.4.42.  G5-11 Section (SW-NE Way) 
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Figure.2.4.43.   G5-12 Section (SW-NE Way) 
 


 


 


 
Figure.2.4.44.  G5-21 Section (SW-NE Way) 
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Figure.2.4.45.   G5-22 Section (SW-NE Way) 
 


 


 


 
Figure.2.4.46.  G6-11 Section (SW-NE Way) 
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Figure.2.4.47.  G6-12 Section  (SW-NE Way) 
 


 


 


 
Figure.2.4.48.  G6-21 Section (SW-NE Way) 
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Figure.2.4.49.  G6-22 Section (SW-NE Way) 
 


 


 


 
Figure.2.4.50.  G6-31 Section (SW-NE Way) 
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Figure.2.4.51.  G6-32 Section (SW-NE Way) 
 


 


 
Figure.2.4.52.  G7-11 Section (S-N Way) 
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Figure.2.4.53.  G7-12 Section (S-N Way) 
 


 


 


 
Figure.2.4.54.  G7-2 Section (S-N Way) 
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Figure.2.4.55.   G8 Section (S-N Way) 
 


 


2.4.3.1.2. Well Seismic Studies  


 


Well Seismic Studies in the ASTM standards provided by downhole equipment of wells 4 DH 


(Downhole), and 1 CH (crosshole) downhole seismic studies were conducted in two stages. 


Downhole seismic work in equipment; Geometrics (24-channels Geode) recorder, 14 Hz 


three-component vertical, North-South and East-West direction recorder, (BHG-3 borehole 


Geophone: 48 mm diameter, 1.1 m long and 3.4 kg weight) , accelerated hydraulic hammer 


(100 lb), and Shot-Gun was used (Figure 2.4.2). Also in the field operating parameters; 0.5 


sec record length, 0.125 msec sampling interval of at least 3 pieces of the stack, were 


selected off-set distances from 5m  (Figure 2.4.56. and Figure 2.4.57.). 


The data obtained W_Geosoft-Downhole and Pick-Win programs in evaluating the first 


arrival times and hence the velocity values were reached. (Figure 2.4.58 – 2.4.81). 


Results are given in the Table 1. Geotechnical parameters are also obtained from the well 


data are given in Table 2 and 3. 
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Figure.2.4.56. Works Well 
 


 


 


 
Figure.2.4.57. Works Well 
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Figure.2.4.58. Down-Hole DH-1 Well data (Vp) 


 


Figure.2.4.59. Down-Hole DH-1 Well Velocity Section (Vp) 
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Figure.2.4.60. Down-Hole DH-2 Well Data (Vp) 


 


Figure.2.4.61. Down-Hole DH-2 Well Velocity Section (Vp) 
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Figure.2.4.62. Down-Hole DH-3 Well Data (Vp) 


 


Figure.2.4.63. Down-Hole DH-3 Well Velocity Section (Vp) 
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Figure.2.4.64. Down-Hole DH-4 Well Data (Vp) 


 


Figure.2.4.65. Down-Hole DH-4 Well Velocity Section (Vp) 
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Figure.2.4.66. Down-Hole CH-1 Well Data (Vp) 


 


Figure.2.4.67. Down-Hole CH-1 Well Velocity Section (Vp) 
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Figure.2.4.68. Cross-Hole Well Data (Vp) 


 


 
Figure.2.4.69. Cross-Hole Well Velocity Section (Vp) 
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Figure.2.4.70. Down-Hole DH-1 Well Data (Vs) 
 


 
Figure.2.4.71. Down-Hole DH-1 Well Velocity Section (Vs) 
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Figure.2.4.72. Down-Hole DH-2 Well Data (Vs) 
 


 
Figure.2.4.73. Down-Hole DH-2 Well Velocity Section (Vs) 
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Figure.2.4.74. Down-Hole DH-3 Well Data (Vs) 
 


 
Figure.2.4.75. Down-Hole DH-3 Well Velocity Section (Vs) 
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Figure.2.4.76. Down-Hole DH-4 Well Data (Vs) 


 
Figure.2.4.77. Down-Hole DH-4 Well Velocity Section (Vs) 
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Figure.2.4.78. Down-Hole CH-1 Well Data (Vs) 


 


Figure.2.4.79. Down-Hole CH-1 Well Velocity Section (Vs) 
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Figure.2.4.80. Cross-Hole Well Data (Vs) 


 


 


Figure.2.4.81. Cross-Hole Well Velocity Section (Vs)  
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Table 1.Vp and Vs Velocities (m/sn) of well and Layer Thicknesses(m) 
 


Well Name 


Layer 


Number Vp (m/s) Vs (m/s) Layer Thickness(m) 


  1 1000 250 5 


DH-1 2 2100 440 6 


  3 2400 600 7 


  1 700 175 6 


DH-2 2 2250 475 15 


  1 900 250 7 


DH-3 2 2600 650 22 


  1 750 150 9 


DH-4 2 2500 300 7 


  3 3000 525 13 


  1 700 175 8 


CH-1 2 2000 500 15 


  3 2300 575 18 


  1 625 425 13 


 2 1750 182 9 


Cross-Hole 3 2400 309,5 19 


  4   398,125 8 


  5   590,433 14 
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2.4.3.2. Result of Geophysical Survey 


2.4.3.2.1. Surface Geophysical Studies 


2.4.3.2.1.a. Seismic Refraction Studies 


Seismic Velocity Vp-depth sections were prepared as a result of work of fracture. Above a 


common feature of sections of Vp <1500 m / sec speed with a value below the ground and 


the Vp> 1500 m / sec speed with a value located in the ground. 


West-East direction from the G1-1, G1-2, G2-1, G2-2, G3-1 and G3-2-speed sections (Figure 


2.4.6. to 2.4.11.) Vp velocity in the vertical direction was observed in different third floor. Top 


thickness from 1 to 4 m and speed values ranging from Vp <1500 the vegetable soil, the 


base depth is 25 meters below And lateral extending up to and / or vertical direction, offering 


sudden changes in thickness of 2000 m / s> Vp> 1500 m / sec, which is located in the 


ground. This is probably a hard floor structure consists of tuff units. At the bottom, which is 


likely to continue throughout the depth of research (approximately 50 m) and the speed value 


of 2500 m / s> Vp> 2000 m / sec, ranging from the ground is located. This is probably of 


volcanic origin in the floor of the units are built tough. 


SW - NE direction from the cross-sections (G4-1, G4-2, G4-3, G5-1, G5-2, G6-1, G6 and G6-


2-3) according to the third floor is usually observed values of vertical velocity Vp . Top 


thickness from 1 to 5 m, the speed values Vp <1500 is located in the topsoil. This floor offers 


some of the sections laterally abrupt changes in thickness (G3-1 and G6-1, Figure 2.4.10. 


and 2.4.17.). This is different from the ground and the base depth is below the average 


speed of 15 m Vp There are other extending up to the ground. This floor also laterally and / 


or vertical direction, offers a lot of sudden changes in thickness. Vp values of the speed at 


2000 m / s> Vp> 1500 m / sec, which is located in the ground. This is probably a hard floor 


structure consists of tuff units (Figure). At the bottom, the depth of research is likely to 


continue throughout the (average 50 m) and the speed value of 2500 m / s> Vp> 2000 m / 


sec, ranging from the ground is located. This is probably of volcanic origin in the floor of the 


units are built tough. 


S-N way cross-sections prepared in the (G7-1, G7 and G8-2) in general increases in the 


values observed in the vertical direction, speed Vp. Top thickness from 0 to 5 m. The 


average depth of topsoil ranging from 20 m to the bottom floor, ranging from tuff unit is 


located. Underlying structures, again according to the top speeds of more rigid and Vp 3000 


m / sec. can reach up to the volcanic units are monitored. Sections at the base of the 


volcanic rocks in this direction at speeds lower than the values in the other direction is 


velocity Vp. 


As observed in seismic velocity cross-sections also significantly below the topsoil thickness 


and structural properties of the tuff unit, both the lateral and / or vertical direction depending 


on the direction and the profile shows a sudden change. This environment is not a 


homogeneous structure and can show changes in direction, depending on the show. If the 
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cost of excavation to be made here in terms of the excavation process of this unit should be 


investigated in more detail the lateral and vertical directions. 


2.4.3.2.1.b. Seismic Reflection Studies 


SW-NE direction and the S-N average 900 meters as a result of the seismic reflection study 


Research information was obtained up to the depth. Seismic reflection surfaces of velocity 


discontinuities in the horizontal and vertical directions are as shown. Discontinuities in the 


vertical direction is also observed that continued throughout the depth of research. 


This situation in terms of seismicity in the field and requires detailed studies. 


2.4.3.2.1.c. MASW Studies 


Velocity-depth sections were prepared as a result of the work MASW Vs. Common general 


feature sections above 300 m / sec> Vs> 150 m / sec speed with a value of the ground, at 


the bottom of the 500m/sn> Vs> 300 m / sec speed with the ground floor with a value of 750 


m / sec> Vs> 500 m / sec is the ground speed values. In addition, seismic refraction and 


thickness of the ground speed of the sections of the lateral and / or vertical direction, as well 


as sudden changes due to profile aspects of the offers. According to the classification of the 


environment Nehrp possibly C, D and E are the ground types. 


All together the result of the work surface profile example was chosen to interpret the G4 -1 


(Fig. 2.4.23.). G4-1 prepared for the seismic reflection profiles, seismic refraction and MASW 


depth - speed graphics created to work with the seismic refraction wave front - the evaluation 


of the depth chart lateral and vertical directional discontinuities observed in all the charts 


significantly. In addition, seismic refraction and reflection profiles of the structural details of 


exactly tracked MASW velocity layers - depth sections easily monitored. 


These results suggest that micro-scale, supported by other geophysical studies such as 


microgravity, resistivity tomography, georadar and microtremor methods. lateral and vertical 


changes in direction with the least error as 2 and 3 (Figure 2.4.83). 


The underground research purposes, according to the purpose of the study until the desired 


depth of the underground structure is to obtain 3-dimensional image. To do this, drilling and / 


or geophysical studies are carried out (Figure 2.4.82). Geophysical studies, as often seen in 


the figure (even if desired 1 m intervals) until the desired depth (m from km. Up to) research 


can be done at a lower cost than drilling activities. As is known, geophysical studies, 


underground structures, vertical and lateral directions of physical parameters (density, 


resistivity, magnetization, etc.) by measuring changes in the result to get there. However, 


buildings often do not show the same physical parameter variation. The floor, while the value 


of the same density as the geological structure of different resistivity values may be different. 


This means that a single geophysical methods (seismic, resistivity and gravity, etc.) taken out 


of the underground structural feature of all. Thus, by using different geophysical methods 


may be shown in detail all the possible structures and the nature of this result would be more 


appropriate. So, which method is used in geophysics physical parameters that apply to the 
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method is modeled according to the ground (for example, apply to the intensity of gravity). As 


a result of different physical parameters for the different models of ground may occur. True-


to-ground model is constructed by connecting these models. 


 


       


Fig. 2.4.82. Detection of structural changes in Geophysical Studies 


 


 
Figure.2.4.83. Technos Inc. Daniel Casto Senior Geophysicist Ronald Kaufmann Vice President Lynn 


Yuhr President DCN# TUR732 Total Pages in document: Page 52 of 126 (See. References 2). 
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2.4.3.2.2. Well-In-Geophysical Studies 


2.4.3.2.2.a. Down-Hole Studies 


Down-Hole Velocity Vp-Depth sections were prepared as a result of the work. Common 


general feature sections above 1000 m / s> Vp> 600 m / sec speed with a value of the 


ground, at the bottom of the 2500m/sn> Vs> 1000 m / sec speed with the ground floor with a 


value of 2500 m / sec> Vs> 2900 m / sec is the ground speed values. Prepared Speed - 


Depth charts environment in general 2 to 3 layers were found (Figure 2.4.58 -2.4.67). 


2.4.3.2.2.b. Cross - Hole Studies 


Vp, after the Cross-Hole Velocity-depth sections were prepared. Common general feature 


sections above 700 m / sec> Vp> 500 m / sec speed with a value of the ground, at the 


bottom of the 1800m/sn> Vs> 1400 m / sec speed with the ground floor with a value of 2400 


m / sec> Vs> 1800 m / s is the ground speed values. Prepared Speed - Depth of a 3 layer 


was found in graphics (Figure 2.4.68-2.4.69). 


Note: 


In this study, seismic geophysical studies taking into consideration the technical 


specifications and conditions of the project area was within the syllabus. 


1.  Vp velocity distribution was found lateral and vertical direction with seismic refraction work 


2.  Seismic refraction could be made to work for the seismic velocity Vs.  Because the study 


area, depending on seasonal conditions, high ground water level is also located in a 


saturated environment.  In addition, soil classification of the technical specifications required 


by the speed of the Vp. 


3.  According to the situation described in Article 2, to examine the distribution of velocity vs. 


Multi-channel Analysis of Surface Wave Method (MASW) was applied. 


4.  As is known, according to theory, Vs velocities obtained by the work masw, Vs velocities 


obtained by seismic refraction studies may be different from each other numerically 


Therefore, there is a difference between the Vp velocities (seismic refraction) and Vs 


velocities (masw method) 


In addition, the geological environment (0 - 15 m from s) laterally and vertically as a way to 


show a complex geologic structural features of this mismatch increased. 


In these circumstances, depending on weather conditions for the investigation of the 


incompatibility of resistivity tomography, tomography and seismic tomography MASW micro-


scale studies should be performed. 


 


 


 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 76 EGE TEMEL DRILLING CO. 


3. LABORATORY TESTS AND ANALYSES 


3.1. Determination of Index and Physical Properties of Weathered Rock Units 


Wash sieve analyses and Atterberg consistency limit tests have been performed on 


remoulded (SPT) and undisturbed samples that took during the borings for the purpose of 


moisture content (Wn) and classification of wetahered units. Liquid Limit (LL), Plastic Limit 


(PL) and Plasticity Index and sieve analysis values have been obtained for classification and 


denomination, soil classification has been done in according to TS 1500. Besides unaxial 


compression test, triaxial compression test and direct shear tests have been performed for 


the purpose of confirming strength properties of weathered rock units (Appendix-3.1). 


Laboratory test results have been summarized in Table-3.1.  


As a result of the tests, weathered units have been defined as CH type (rarely CL and CI 


type) clayey, MH type (rarely MI type) silty, SC, SM type sandy, GC type gravelly soil 


characteristics. 


Properties of Index 


In according to Atterberg limit analyses results that performed on samples of weathered parts 


of rocks in the investigation area; 


Weathered units have the characteristics of clayey soil;  have been defined as following: 


CL: LL values have been determined as % 34, low plasticity clay, 


CI: LL values have been determined as % 42-46,5 (avg. %44,25), intermediate plasticity 


clay, 


CH: LL values have been determined as % 50-96 (avg. %73), high plasticity clay. 


Weathered units have the characteristics of silty soil ;  have been defined as following: 


MI: LL values have been determined as % 47-49 (avg. %48), intermediate plasticity silt,  


MH: LL values have been determined as % 55-99 (avg. %77), high plasticity silt. 
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Table.3.1.a Laboratory Test Results (BH-1/BH-4) 
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CORE 2,20-2,80 22,6 64 29 35 6,94 46,94 47,10 34,00 SC


CORE 8,20-8,70 25,8 61 28 33 8,25 54,55 81,00 13,0 55,07 32,02 CH


CORE 9,80-10,20 1,772 1,434 23,5 72 30 42 1,80 47,01 5,96 47,00 35,20 SC


CORE 15,20-15,30 2,64


CORE 18,60-19,20 1,829 1,502 21,8 80 32 48 2,19 71,32 14,6 71,30 51,50 CH


CORE 19,50-19,60 2,56


CORE 24,50-25,00 1,628 1,344 21,2 91 43 48 0,00 98,32 2,46 96,90 69,90 CH


CORE 26,00-26,80 1,687 1,285 18,5 75 28 47 0,00 99,11 1,72 CH


CORE 34,00-34,50 5,8 69 30 39 2,02 72,37 72,50 39,00 CH


CORE 3,50-4,00 1,839 1,526 29,0 51 27 24 2,16 59,12 2,493 CH


SPT 4,50-4,95 29,6 65 34 31 0,48 74,51 MH


SPT 6,00-6,45 0,474 9


CORE 7,00-7,50 1,823 1,447 26,0 40,2 22,8 17 1,90 74,9 0,429 10 CL


SPT 7,50-7,95 19,5 54 26 28 3,70 65,38 0,378 11 CH


SPT 9,00-9,45 15,1 50 20 30 5,98 57,96 CH


CORE 11,50-12,00 51 28 23 5,22 53,64 CH


CORE 20,00-21,00 51 19 32 13,15 53,14 CH


CORE 25,00-25,50 56 22 34 3,16 74,04 CH


CORE 5,00-5,20 23,6 72 27 45 24,26 47,16 SC


CORE 8,00-8,20 15,32


CORE 9,00-9,20 2,158 50


CORE 13,00-13,30 19,8


CORE 15,50-16,00 2,9


CORE 18,00-18,50 2,237 84


CORE 23,50-24,00 2,227 65 0,509 7


CORE 27,50-27,80 8,65


CORE 29,00-29,20 6,71


SPT 3,00-3,45 43,5 63 30 33 16,29 68,48 CH


CORE 3,50-3,70 2,148 3,7


CORE 3,80-4,20 30,6 99 46 53 0,00 98,86 91,93 18 97,6 37,1 MH


SPT 6,00-6,45 22,9 62 29 33 0,09 53,15 52,9 30,8 CH


CORE 7,00-7,50 1,837 1,422 36,1 68 27 41 0,00 98,66 0,509 8 CH


SPT 7,50-7,95 30,9 64 32 32 0,00 98,90 CH


CORE 8,60-9,00 1,848 1,447 28,0 60 29 31 0 98,92 0,494 9 CH


SPT 9,00-9,45 31,0 63 28 35 0 99,12 CH


SPT 10,50-10,95 18,9 58 28 30 9,76 60,43 58,7 44 CH


CORE 11,70-12,00 21 61 26 35 2,31 60,50 CH


SPT 12,00-12,30 21,1 61 32 29 2,4 59,27 57,8 17,1 MH


CORE 13,00-13,50 1,865 1,447 23,4 64 28 36 4,72 71,67 0,52 10 CH


SPT 13,50-13,69 21,5 70 31 39 6,16 44,78 43,5 29,2 SC


CORE 14,00-14,50 2,266 88


CORE 16,50-17,00 2,91


CORE 19,50-20,00 2,197 59
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Table.3.1.b Laboratory Test Results (BH-5/BH-8) 
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CORE 2,30-2,80 21 76 30 46 2,91 51,26 78,75 14 38,6 27,6 CH


SPT 4,50-4,95 11,2 65 30 35 16,09 27,52 SC


CORE 7,90-8,00 2,1


CORE 8,10-8,30 2,06 31


CORE 10,00-10,50 1,816 1,323 37,6 61 26 35 13,14 47,05 8,729 45,8 34,3 SC


CORE 13,00-13,50 1,818 1,501 20,2 73 30 43 3,60 39,54 3,558 38 25,6 SC


CORE 13,80-14,00 2,2


CORE 17,00-17,50 2,031 2,3


CORE 19,00-19,50 2,05 36


CORE 24,70-24,80 3,3


CORE 27,20-27,50 2,99


CORE 29,00-29,30 2,109 48


SPT 1,50-1,95 19 45 21 24 0,00 99,22 CI


CORE 2,40-2,80 1,728 1,364 26,7 60 36 24 0,00 99,43 2,405 MH


SPT 3,00-3,45 21,3 60 23 37 11,69 73,02 72,30 42,00 CH


CORE 6,50-7,00 1,662 1,355 22,6 2,956


CORE 10,00-10,30 1,730 2,13 26,0


CORE 11,50-11,80 1,714 1,312 30,7 71 30 41 0,00 98,88 1,874 96,10 69,40 CH


CORE 13,00-13,40 1,685 1,326 27,1 60 30 30 0,00 99,04 1,57 CH


CORE 13,60-13,80 2,5


CORE 16,00-16,30 27,8 72 28 44 0,00 74,08 71,20 41,90 CH


CORE 18,50-18,80 24,00 65 28 37 0,00 60,56 CH


CORE 19,50-19,60 2,2


CORE 20,50-20,80 25,5 63 29 34 0,28 59,93 CH


CORE 22,60-22,70 1,98 2,4


CORE 24,50-24,70 2,11


CORE 26,70-26,80 2,09 3,2


CORE 28,80-29,30 1,898 1,634 16,5 65 30 35 9,87 53,01 8,63 CH


CORE 30,50-31,00 1,860 1,57 18,2 71 26 45 0,00 98,90 0,529 9 CH


CORE 37,80-38,40 1,960 1,647 18,2 67 30 37 4,11 78,71 8,97 CH


CORE 42,50-43,20 2,040 20,0 68 29 39 0,00 81,92 3,05 16,4 CH


SPT 3,00-3,45 12,8 49 30 19 16,89 62,02 MH


CORE 8,00-8,50 14,8 62 23 39 19,73 45,32 43,6 19,8 SC


CORE 13,00-13,40 2,354 193


CORE 13,80-13,90 12,3


CORE 18,00-19,00 1,989 1,733 14,8 42 22 20 0,72 78,83 3,188 CI


CORE 25,00-25,50 2,025 1,787 13,1 42 23 19 25,59 28,38 0,97 SC


CORE 27,60-27,80 21,0


SPT 1,50-1,95 27,1 69 33 36 42,69 30,96 GC


SPT 3,00-3,45 28,3 71 32 39 17,88 34,43 SC


SPT 7,50-7,95 0,378 11


SPT 10,50-10,95 27,1 79 33 46 15,81 40,37 SC


CORE 15,50-15,90 1,870 1,587 17,8 46,5 24,7 22 3,2 54,4 0,418 10 CL


CORE 16,70-17,20 1,842 1,471 26,3 78 34 44 16,4 55,75 2,357 CH


CORE 18,30-18,60 1,867 1,494 27,7 73 33 40 18,01 46,54 2,319 SC


CORE 29,00-29,50 42 20 22 35,54 25,73 GC
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Table.3.1.c Laboratory Test Results (BH-9/BH-13) 
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SPT 3,00-3,45 30,4 72 29 43 1,15 80,10 78,4 45,6 CH


SPT 4,50-4,95 35,5 62 29 33 0,49 87,70 CH


SPT 6,00-6,45 25,5 60 28 32 0,32 72,60 CH


SPT 7,50-7,95 27,8 58 27 31 0,40 71,77 CH


CORE 8,50-9,00 2,023 1,552 30,5 65 30 35 6,44 75,42 6,896 CH


SPT 9,00-9,45 24,1 55 32 23 1,70 71,08 69,7 31,2 MH


SPT 10,50-10,95 34,2 64 30 34 43,19 27,35 GC


CORE 13,00-13,50 1,852 1,559 18,8 67 27 40 2,39 83,27 4,66 79,4 54,1 CH


CORE 16,50-17,50 1,74 27,4 67 26 41 0,00 99,16 0,09 43,0 CH


CORE 19,50-20,00 1,917 1,563 22,4 62 29 33 0,00 99,15 3,83 CH


CORE 22,00-22,50 1,904 1,44 32,3 53 22 31 0,00 98,90 8,63 97,4 56,7 CH


CORE 25,50-26,00 1,974 1,441 37,4 62 27 35 0,00 99,22 7,66 95,3 56,7 CH


CORE 27,00-27,20 2,23


CORE 27,50-28,30 1,91 37,8 64 26 38 0,00 99,18 0,72 33,0 CH


CORE 29,00-29,20 2,31


SPT 1,50-1,95 26,4 73 32 41 10,52 66,14 CH


CORE 2,00-2,50 1,478 1,218 24,3 73 33 40 7,78 61,54 3,292 CH


CORE 6,50-7,20 1,860 1,511 26 75 38 37 7,59 60,57 2,731 MH


CORE 9,50-10,00 1,810 28,2 72 31 41 5,79 60,85 1,340 11,9 CH


CORE 12,00-13,00 1,791 1,425 26,9 74 37 37 9,44 58,68 2,739 MH


CORE 16,50-17,00 1,888 1,496 24,8 74 37 37 9,51 62,70 2,890 MH


CORE 20,00-20,50 1,901 1,524 24,8 78 34 44 7,42 56,15 4,298 CH


CORE 25,00-25,50 1,831 1,452 26,9 76 37 39 5,25 55,82 2,722 MH


CORE 30,50-31,00 1,979 1,612 22 75 33 42 16,36 46,74 3,909 SC


CORE 6,00-7,20 2,256 102


CORE 11,00-12,00 2,364 211


CORE 28,50-29,00 29,5 70 28 42 9,01 44,26 78,24 13 44,1 35,1 SC


CORE 37,80-38,00 2,9


CORE 0,50-1,00 1,872 1,47 27,6 59 26 33 0,00 40,92 5,22 72,68 11 40,7 32,1 SC


CORE 2,00-3,00 1,935 1,452 33,2 2,82 0,464 6


SPT 3,00-3,45 37,4 69 29 40 9,80 63,56 61 44 CH


CORE 3,70-4,10 25,1 64 30 34 2,50 83,13 89,68 16 81,2 49,9 CH


CORE 6,20-7,20 1,724 1,264 36,6 68 30 38 0,75 73,23 3,05 72,5 60,1 CH


CORE 14,30-14,70 1,75 1,385 26,3 66 28 38 0,09 71,86 1,299 CH


CORE 15,40-15,80 13,7 75 27 48 2,55 69,71 68,1 51,9 CH


CORE 18,00-19,00 1,837 1,592 15,4 61 29 32 0,00 99,26 2,48 CH


CORE 23,00-23,80 1,76 21,5 65 27 38 1,83 70,52 1,15 22,0 CH


CORE 25,50-26,00 1,825 1,369 20,0 74 30 44 3,00 69,47 0,464 8 68,4 53,7 CH


CORE 6,50-6,60 17,07


CORE 12,00-12,50 26,7


CORE 19,50-20,00 1,99 1,645 27,5 70 31 39 0,00 99,07 3,44 89,12 17 97,2 75,7 CH


CORE 24,00-25,00 1,81 34,7 70 30 40 0,00 91,02 1,87 16,3 89,1 68,2 CH


CORE 27,50-28,00 1,831 1,53 25,3 72 29 43 0,00 98,89 0,425 7 97,8 71,6 CH


CORE 29,50-30,00 1,886 1,468 36,7 66 27 39 0,00 98,79 6,47 95,8 76,2 CH
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Table.3.1.d Laboratory Test Results (PZ-1/PZ-5) 
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SPT 3,00-3,45 22 56 29 27 3,1 65,1 CH


SPT 4,50-4,77 24 58 25 33 16,0 42,9 SC


CORE 14,50-15,00 2,1


CORE 10,00-10,50 26 47 36 11 7,3 50,5 MI


CORE 10,60-10,75 2,275 54


CORE 13,80-14,20 1,739 1,381 27 48 33 15 32,2 33,7 1,723 SM


CORE 17,00-17,20 3,62


CORE 20,00-20,50 1,867 1,495 24,9 79,3 32 47,3 0 86,5 0,511 10 CH


CORE 20,50-21,00 1,858 1,506 23,4 66,3 31,8 34,5 2,1 64,6 0,494 9 CH


CORE 25,50-25,80 36 84 47 37 3 67,5 MH


CORE 29,00-29,50 30 63 30 33 5,8 38,8 SC


CORE 6,00-6,30 14,91


CORE 15,00-15,60 2,132 33


CORE 19,60-19,70 3,17


CORE 20,00-20,50 2,123 24


CORE 24,00-24,20 4,87


CORE 28,00-28,50 2,176 31


CORE 28,50-28,70 2,227 33


CORE 8,00-9,00 1,812 1,304 40 95 34 61 11,5 49,8 2,019 49,8 34,2 SC


CORE 14,70-16,00 2,145 37


CORE 19,80-20,00 8,8


CORE 24,80-25,50 1,683 1,305 30 96 37 59 0,5 75,9 2,692 75,8 32,2 CH


CORE 5,00-5,50 28 69 36 33 6,8 68 95,25 17 MH


SPT 6,00-6,45 31 75 34 41 1,6 70,6 CH


SPT 7,50-7,65 24 47 35 12 8,7 22,6 MI


CORE 9,50-10,50 2,207 47


CORE 13,50-13,80 2,88


CORE 14,50-14,80 2,068 59


CORE 17,50-18,00 12 69 32 37 2,1 53,7 0,425 9 CH


CORE 18,50-19,50 28,3 70 33 37 4,86 43,53 0,446 10 SC


CORE 25,80-25,90 5,96


CORE 26,60-26,80 2,027 46


CORE 29,20-29,40 3,35
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Table.3.1.e Laboratory Test Results (PZ-6/PZ-9) 
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CORE 2,30-3,00 1,772 1,518 26,3 71 29 42 28,66 38,90 3,39 89,12 16 38,50 18,10 SC


SPT 3,00-3,45 28,5 65 30 35 27,94 42,03 CH


SPT 4,50-4,95 27,9 64 31 33 40,09 18,89 SC


CORE 5,00-5,50 1,849 1,495 23,7 34,2 17,6 16,6 6,7 50,9 0,459 6 CL


SPT 6,00-6,45 0,255 16


CORE 7,00-7,50 1,842 1,465 25,7 43,5 24,9 18,6 2,4 64,9 0,483 8 CL


CORE 8,50-9,00 25,1 48 28 20 24,53 29,62 SC


CORE 10,00-10,50 29,3 62 28 34 16,06 47,50 0,546 5 SC


CORE 11,00-12,00 1,933 1,624 19,8 61 29 32 15,82 40,09 2,366 SC


CORE 16,00-16,50 1,969 1,652 18,3 75 37 38 16,11 43,21 2,478 SM


CORE 16,50-16,60 11,2


CORE 21,50-22,50 25,1 74 37 37 3,23 66,03 0,502 7 MH


CORE 23,00-23,10 4,1


CORE 25,50-25,60 16,6


SPT 4,50-4,95 35,0 86 37 49 6,6 80 CH


SPT 6,00-6,45 40,0 85 37 48 4,6 81,3 CH


SPT 7,50-7,95 55,0 96 37 59 0,0 98,7 CH


SPT 9,00-9,45 35,0 84 37 47 0,0 98,6 CH


SPT 10,50-10,95 32,0 74 33 41 0,0 98,9 CH


SPT 12,00-12,45 31,0 79 38 41 0,0 78,4 MH


CORE 14,20-14,80 1,815 1,348 34,0 76 33 43 0,0 82,8 1,49 15,45 CH


CORE 15,00-15,20 3,84


CORE 23,50-24,00 1,908 1,502 26,0 79 36 43 0,3 77,4 11,885 CH


CORE 25,00-25,50 1,930 1,487 31,0 82 35 47 0,0 87,1 5,647 2,89 23,23 CH


CORE 4,00-4,50 28,1 66 32 34 14,63 36,38 82,94 12 36 26 SC


CORE 8,00-8,50 1,871 1,667 13,9 62 27 35 0,00 98,96 0,542 11 CH


CORE 12,00-12,20 2,29 15,60


CORE 17,00-18,00 16,6 62 28 34 4,47 61,17 CH


CORE 20,00-21,00 1,904 1,615 17,8 62 29 33 19,04 68,86 1,29 CH


CORE 27,50-28,00 22,7 63 29 34 0,00 98,85 2,57 CH


CORE 3,80-4,20 1,872 1,548 20,2 60 23 37 0,00 98,76 4,997 88,05 18 97,9 77,9 CH


CORE 8,20-9,00 18,9 60 27 33 0,48 61,97 CH


CORE 11,50-12,00 2,008 1,792 12,1 62 27 35 0,44 79,85 8,76 79,5 63,3 CH


CORE 12,50-13,00 1,857 1,638 16,2 54 21 33 0,00 98,71 0,503 9 CH


CORE 14,50-15,00 1,96 12,1 55 22 35 0,00 99,27 3,63 11,9 98,7 77,5 CH


CORE 16,00-16,50 1,916 1,652 15,8 67 28 39 0,00 68,36 7,17 66 49,6 CH


CORE 18,00-18,50 2,09 46


CORE 20,50-20,80 2,11 4,30


CORE 21,50-21,60 2,24


CORE 23,50-24,00 2,12 41


CORE 24,50-25,50 2,013 1,737 15,8 63 31 32 0,00 98,69 8,28 97,9 70 CH


CORE 25,50-26,00 2,16 53


CORE 27,50-28,00 1,854 1,511 22,76 63 29 34 0 98,86 2,574 CH


CORE 29,00-29,30 2,14 49


CORE 29,50-29,80 2,18 56
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Table.3.1.f Laboratory Test Results (DH-1/DH-4, CH-1) 
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CORE 10,50-11,00 1,740 1,371 33,4 70 32 38 5,94 63,24 1,735 63,20 25,50 MH


CORE 13,00-13,50 34,0 80 48 32 3,03 77,36 0,530 6 MH


CORE 17,50-18,00 1,687 1,506 30,4 77 46 31 2,59 80,65 2,942 MH


CORE 23,50-24,00 1,94 1,540 19,2


CORE 27,00-27,20 3,35


CORE 28,50-29,00 36,6 65 23 42 0,0 99,29 CH


SPT 3,00-3,45 24,0 65 26 39 8,04 72,27 CH


SPT 4,50-4,95 25,7 67 28 39 15,18 52,22 CH


SPT 6,00-6,45 22,5 68 27 41 10,40 48,75 0,547 5 SC


SPT 7,50-7,95 25,8 77 33 44 0,0 92,04 CH


CORE 8,60-9,00 23,8 76 32 44 1,27 88,13 CH


SPT 9,00-9,15 18,7 71 26 45 16,96 56,82 CH


CORE 10,00-10,50 2,010 1,704 17,9 62 22 40 24,30 50,76 4,406 50,00 22,50 CH


CORE 13,00-13,50 2,293 1,928 18,4 64 23 41 23,04 39,65 1,487 SC


CORE 18,00-18,50 25,7 70 27 43 21,51 54,23 0,423 10 CH


CORE 23,00-23,20 6,71


CORE 24,50-24,90 1,907 1,502 27,6 65 23 42 0,0 99,23 2,10 CH


CORE 29,50-30,00 1,994 1,582 26,9 69 25 44 3,56 71,17 3,17 CH


SPT 3,00-3,45 27 78 34 44 6,53 73,04 CH


SPT 4,50-4,95 33,2 78 34 44 10,80 57,16 CH


SPT 6,00-6,45 35,7 79 34 45 2,76 66,13 0,498 5 CH


SPT 7,50-7,95 30,6 80 34 46 5,21 59,43 CH


SPT 9,00-9,45 37,3 79 33 46 6,37 63,79 CH


SPT 10,50-10,68 26,5 77 39 38 9,29 61,61 CH


CORE 18,20-18,40 4,22


CORE 23,50-24,00 25,5 76 28 48 16,47 39,00 0,509 7 SC


CORE 24,20-24,60 2,026 31


CORE 26,50-27,00 21,1 75 32 43 3,01 59,77 CH


CORE 28,00-28,50 2,424 2,021 20,2 74 30 44 2,93 57,26 5,23 57,00 18,01 CH


CORE 1,50-1,80 15,3 44 21 23 0,00 99,28 96 76,4 CI


SPT 3,00-3,45 17,1 61 22 39 1,19 79,18 CH


CORE 7,50-8,50 1,910 9,6 67 26 41 0,00 98,98 2,17 24,1 98,4 76,3 CH


CORE 11,00-12,00 2,013 1,806 11,5 61 24 37 0,00 75,43 10,14 72,3 52,5 CH


CORE 15,80-16,20 1,990 19,4 73 23 50 0,00 70,20 3,41 14,8 68,7 48,9 CH


CORE 20,00-20,80 1,911 1,605 19,2 62 21 41 8,59 71,65 8,7 CH


CORE 22,50-23,00 2,119 38


CORE 25,00-25,50 1,935 1,579 17 75 30 45 5,29 59,26 5,71 CH


CORE 29,00-29,50 2,072 1,791 15,7 70 30 40 3,17 24,08 3,12 SC


CORE 8,20-8,80 1,70 1,363 26,2 63 31 32 1,38 65,45 1,99 84,02 15 64,6 47,1 CH


CORE 11,20-11,80 1,889 1,43 16,3 69 30 39 0,47 91,61 3,92 88,4 70,4 CH


CORE 16,00-16,50 1,86 18,4 77 32 45 0,00 71,75 3,13 17,7 CH


CORE 17,20-17,80 1,868 1,579 20,3 62 28 34 0,91 60,08 0,518 10 CH


CORE 19,50-20,20 1,895 1,467 29,2 71 26 45 0,00 46,67 7,91 SC


CORE 27,20-28,00 1,890 18,0 64 26 38 0,06 78,88 1,42 19,0 CH


CORE 30,00-30,50 1,986 1,694 17,5 67 30 37 0,00 99,15 9,53 CH


CORE 34,00-34,50 1,979 1,600 23,7 70 30 40 0,13 86,65 2,29 CH


CORE 38,00-38,50 1,970 19,9 65 29 36 1,15 81,00 1,81 25,2 CH
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Plasticity Index 


The plasticity index is the range of moisture content where a given soil will behave as a 


plastic material, it is the numerical difference between the liquid limit and the plastic limit: 


PI (%) =LL – PL 


        Table-3.2. Classification in according to Plasticity Index (Burmister,1951) 


Plasticity Index, 


PI (%) 


The Smallest 


Diameter (mm) 
Degree of Plasticity Description 


0 - Non-Plastic Silt 


1-5 6 Very Low Plasticity Clayey Silt 


5-10 3                 Low Plasticity Silt and Clay 


10-20 1,5 Intermediate Plasticity Clay and Silt 


20-40 0,8 High Plasticity Silty Clay 


>40 0,4 Very High Plasticity Clay 


Plastic properties of clayey silty units that is placed in investigation area have been process  


on plasticity chart, as following Figure-3.1. 


0,0


10,0


20,0


30,0


40,0


50,0


60,0


0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0 110,0


Liquid Limit (LL x 100)


P
la


s
ti


c
it


y
 I


n
d


e
x
 (


P
I)


A HATTI


U HATTI


BH-1


BH-2


BH-4


BH-5


BH-6


BH-7


BH-8


BH-9


BH-10


BH-12


BH-13


MH or MHO


ML or MLO


CL or CLO


CI or CIO


CH or CHO


MI or MIO


 


Figure-3.1.a. Plasticity Card for Laboratory Classification of Fine-Grained Soils   (BH-1/BH-13) 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 84 EGE TEMEL DRILLING CO. 


0,0


10,0


20,0


30,0


40,0


50,0


60,0


0,0 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0 90,0 100,0 110,0


Liquid Limit (LL x 100)


P
la


s
ti


c
it


y
 I


n
d


e
x
 (


P
I)


A HATTI


U HATTI


PZ-1


PZ-2


PZ-4


PZ-5


PZ-6


PZ-7


PZ-8


PZ-9


DH-1


DH-2


DH-3


DH-4


CH


MH or MHO


ML or MLO


CL or CLO


CI or CIO


CH or CHO


MI or MIO


 


Figure-3.1.b. Plasticity Card for Laboratory Classification of Fine-Grained Soils                           


(PZ-1/PZ-9, DH-1/DH-4, CH-1) 


3.2. Determination of Mechanical Properties of Weathered Rock Units  


Unaxial compression tests, triaxial compression tests and direct shear tests have been 


performed for the purpose of confirming strength properties of weathered rock units during 


the borings and have been presented in Table-3.3.  


In according to Terzaghi (1943)’ s definition that has been shown in following table, samples 


are placed between the range of soft-hard consistency in relation to Uniaxial Compression 


Strength (qu). 


Correlation with Uniaxial Compression Strength (qu) and Consistency (Terzaghi, 1943) 


qu (kg/cm
2
) Consistency 


< 0,25 Very Soft 


0,25-0,50 Soft 


0,50-1,00 Medium Stiff 


1,00-2,00 Stiff 


2,00-4,00 Very Stiff 


> 4,00 Hard 
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Table-3.3.a Strength Test Results for Weathered Rock Units (BH-1/BH-13) 


NAME OF          


BOREHOLE
SAMPLE DEPTH


UNIAXIAL 


COMPRESSION 


STRENGTH (qu=kg/cm
2
)


CLASS OF 


SOIL


TYPE OF 


SOIL


BH-1 CORE 9,80-10,20 5,96 SC TUFF


BH-1 CORE 18,60-19,20 14,6 CH TUFF


BH-1 CORE 24,50-25,00 2,46 CH TUFF


BH-1 CORE 26,00-26,80 1,72 CH TUFF


BH-2 CORE 3,50-4,00 2,493 CH TUFF


BH-5 CORE 10,00-10,50 8,73 SC TUFF


BH-5 CORE 13,00-13,50 3,56 SC TUFF


BH-6 CORE 2,40-2,80 2,41 MH TUFF


BH-6 CORE 11,50-11,80 1,87 CH TUFF


BH-6 CORE 6,50-7,00 2,96 - TUFF


BH-6 CORE 13,00-13,40 1,57 CH TUFF


BH-6 CORE 28,80-29,30 8,63 CH TUFF


BH-6 CORE 37,80-38,40 8,97 CH TUFF


BH-7 CORE 18,00-19,00 3,19 CI TUFF


BH-7 CORE 25,00-25,50 0,97 SC TUFF


BH-8 CORE 16,70-17,20 2,357 CH TUFF


BH-8 CORE 18,30-18,60 2,319 SC TUFF


BH-9 CORE 8,50-9,00 6,9 CH TUFF


BH-9 CORE 13,00-13,50 4,66 CH TUFF


BH-9 CORE 19,50-20,00 3,83 CH TUFF


BH-9 CORE 22,00-22,50 8,63 CH TUFF


BH-9 CORE 25,50-26,00 7,66 CH TUFF


BH-10 CORE 2,00-2,50 3,292 CH TUFF


BH-10 CORE 6,50-7,20 2,731 MH TUFF


BH-10 CORE 12,00-13,00 2,739 MH TUFF


BH-10 CORE 16,50-17,00 2,89 MH TUFF


BH-10 CORE 20,00-20,50 4,298 CH TUFF


BH-10 CORE 25,00-25,50 2,722 MH TUFF


BH-10 CORE 30,50-31,00 3,909 SC TUFF


BH-12 CORE 0,50-1,00 5,22 SC TUFF


BH-12 CORE 2,00-3,00 2,82 - TUFF


BH-12 CORE 6,20-7,20 3,05 CH TUFF


BH-12 CORE 14,30-14,70 1,3 CH TUFF


BH-12 CORE 18,00-19,00 2,48 CH TUFF


BH-13 CORE 19,50-20,00 3,44 CH TUFF


BH-13 CORE 29,50-30,00 6,47 CH TUFF
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Table-3.3.b Strength Test Results for Weathered Rock Units (PZ-1/PZ-9, DH-1/DH-4, CH-1) 


NAME OF       


BOREHOLE
SAMPLE DEPTH


UNIAXIAL 


COMPRESSION 


STRENGTH (qu=kg/cm
2
)


CLASS OF 


SOIL
TYPE OF SOIL


PZ-2 CORE 13,80-14,20 1,723 SM ANDESITE


PZ-4 CORE 8,00-9,00 2,019 SC TUFF


PZ-4 CORE 24,80-25,50 2,692 CH TUFF


PZ-6 CORE 2,30-3,00 3,39 SC TUFF


PZ-6 CORE 11,00-12,00 2,366 SC TUFF


PZ-6 CORE 16,00-16,50 2,478 SM TUFF


PZ-7 CORE 23,50-24,00 11,885 CH TUFF


PZ-7 CORE 25,00-25,50 5,647 CH TUFF


PZ-8 CORE 20,00-21,00 1,29 CH TUFF


PZ-8 CORE 27,50-28,00 2,57 CH TUFF


PZ-9 CORE 3,80-4,20 4,997 CH TUFF


PZ-9 CORE 11,50-12,00 8,76 CH TUFF


PZ-9 CORE 16,00-16,50 7,17 CH TUFF


PZ-9 CORE 24,50-25,50 8,28 CH TUFF


PZ-9 CORE 27,50-28,00 2,574 - TUFF


DH-1 CORE 10,50-11,00 1,735 MH TUFF


DH-1 CORE 17,50-18,00 2,942 MH TUFF


DH-2 CORE 10,00-10,50 4,406 CH CLAYSTONE


DH-2 CORE 13,00-13,50 1,487 SC CLAYSTONE


DH-2 CORE 24,50-24,90 2,1 CH CLAYSTONE


DH-2 CORE 29,50-30,00 3,17 CH CLAYSTONE


DH-4 CORE 11,00-12,00 10,14 CH TUFF


DH-4 CORE 20,00-20,80 8,7 CH TUFF


DH-4 CORE 25,00-25,50 5,71 CH ANDESITE


DH-4 CORE 29,00-29,50 3,12 SC ANDESITE


CH-1 CORE 8,20-8,80 1,99 CH TUFF


CH-1 CORE 11,20-11,80 3,92 CH TUFF


CH-1 CORE 19,50-20,20 7,91 SC TUFF


CH-1 CORE 30,00-30,50 9,53 CH TUFF


CH-1 CORE 34,00-35,00 2,29 CH TUFF
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Table-3.3.c Strength Test Results for Weathered Rock Units (BH-1/BH-13, PZ-1/PZ-9, DH-1/DH-4, CH-1) 


c (kg/cm
2
) Ø (°)


BH-6 CORE 10,00-10,30 2,13 26 - TUFF


BH-6 CORE 42,50-43,20 3,05 16,4 CH TUFF


BH-9 CORE 16,50-17,50 0,09 41,7 CH TUFF


BH-9 CORE 27,50-28,30 0,72 33 CH TUFF


BH-10 CORE 9,50-10,00 1,34 11,9 CH TUFF


BH-12 CORE 23,00-23,80 1,15 22 CH TUFF


BH-13 CORE 24,00-25,00 1,87 16,3 CH TUFF


PZ-7 CORE 14,20-14,80 1,49 15,45 CH TUFF


PZ-7 CORE 25,00-25,50 2,89 23,23 CH TUFF


PZ-9 CORE 14,50-15,00 3,63 11,9 CH TUFF


DH-1 CORE 23,50-24,00 1,54 19,2 - CLAYSTONE


DH-4 CORE 7,50-8,50 2,17 24,1 CH TUFF


DH-4 CORE 15,80-16,20 3,41 14,8 CH TUFF


CH-1 CORE 16,00-16,50 3,13 17,7 CH TUFF


CH-1 CORE 27,20-28,00 1,42 19 CH TUFF


CH-1 CORE 38,00-38,50 1,81 25,2 CH TUFF


CLASS OF 


SOIL
TYPE OF SOIL


NAME OF 


BORING
SAMPLE DEPTH


TRIAXIAL COMPRESSION 


STRENGTH
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Table-3.3.d  Strength Test Results for Weathered Rock Units (BH-1/BH-13, PZ-1/PZ-9, DH-1/DH-4, CH-1) 


c (kg/cm
2
) Ø (°)


BH-2 CORE 6,00-6,45 0,474 9 - TUFF


BH-2 CORE 7,00-7,50 0,429 10 CL TUFF


BH-2 CORE 7,50-7,95 0,378 11 CH TUFF


BH-3 CORE 22,50-24,00 0,509 7 - TUFF


BH-4 CORE 7,00-7,50 0,509 8 CH TUFF


BH-4 CORE 8,60-9,00 0,494 9 CH TUFF


BH-4 CORE 13,00-13,50 0,52 10 CH TUFF


BH-6 CORE 30,50-31,00 0,529 9 CH TUFF


BH-8 CORE 7,50-7,95 0,378 11 - TUFF


BH-8 CORE 15,50-15,90 0,418 10 CL TUFF


BH-12 CORE 2,00-3,00 0,464 6 - TUFF


BH-12 CORE 25,50-26,00 0,464 8 CH TUFF


BH-13 CORE 27,50-28,00 0,425 7 CH TUFF


PZ-2 CORE 20,00-20,50 0,511 10 CH ANDESITE


PZ-2 CORE 20,50-21,00 0,494 9 CH ANDESITE


PZ-5 CORE 17,50-18,00 0,425 9 CH TUFF


PZ-5 CORE 18,50-19,50 0,446 10 SC TUFF


PZ-6 CORE 5,00-5,50 0,459 6 CL TUFF


PZ-6 CORE 6,00-6,45 0,255 16 - TUFF


PZ-6 CORE 7,00-7,50 0,483 8 CL TUFF


PZ-6 CORE 10,00-10,50 0,546 5 SC TUFF


PZ-6 CORE 21,50-22,50 0,502 7 MH TUFF


PZ-8 CORE 8,00-8,50 0,542 11 CH TUFF


PZ-9 CORE 12,50-13,00 0,503 9 CH TUFF


DH-1 CORE 13,00-13,50 0,53 6 MH TUFF


DH-2 CORE 6,00-6,45 0,547 5 SC TUFF


DH-2 CORE 18,00-18,50 0,423 10 CH CLAYSTONE


DH-3 CORE 6,00-6,45 0,498 5 CH TUFF


DH-3 CORE 23,50-24,00 0,509 7 SC TUFF


CH-1 CORE 17,20-17,80 0,518 10 CH TUFF


CLASS OF 


SOIL


TYPE OF 


SOIL


NAME OF 


BORING
SAMPLE DEPTH


DIRECT SHEAR TEST
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Compaction Index 


Compaction properties of clayey units had been defined in according to Liquid Limit values 


by Sowers (1979) (Table-3.4). 


Table-3.4. Compaction Index in according to Sowers (1979)  


DESCRIPTION COMPACTION INDEX (Cc) LIQUID LIMIT (%) 


LOW COMPACTIBILITY 0-0.19 0–30 


MODERATE COMPACTIBILITY  0.20-0.39 31–50 


HIGH COMPACTIBILITY >0.40 >51 


CC  = 0,009 (LL–10) 


Compaction properties of weathered rock units which are placed in investigation area have 


the characteristics of clayey soil have been indicated as following table, using above table. 
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Coefficient of Activity 


Consistency limits provide for soils very useful informations related to classification in 


according to plasticity, load history of fine-grained soils, features of permeability, chosen as 


building material for different purposes, compactibility under loads, swelling potential and 


work conditions. Generally, if plasticity of soil increases, compressibility and swelling 


potential increases, permeability decreases. In such a case, difficulties occur during the 


operations of excavation and filling. Coefficient of activity is the relationship between 


plasticity index and clay fraction is termed the “activity”. Soil’ s activity is water hardenability 


and quenching of soils beneath the different moisture conditions.  


Skempton (1953) showed that the plasticity index depends on the clay fraction. The ratio of 


plasticity and clay fraction is constant.  


A = Activity 


PI = Plasticity Index 


C = Clay Fraction % (<0,002) 


Clays had been classified three groups shown in as following: 


A>0,75   Inactive Clays  


0,75<A<1,25  Normal Activity Clays 


A>1,25   Active Clays   


Activity coefficients have been calculated by the help of hydrometer test datum that 


performed on high plasticity cohesiv units in investigation area and index of plasticity values, 


have been shown as following table below.  


In according to these values, unit’ s activity coefficients (A) have been calculated between 


the range of % 0,30-1,83 (avg. %1,065), have been determined as active, normal activity and 


inactive clays (Table-3.5). 
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Table-3.5. Coefficient of Activity 


Bore  


Number
Depth(m) PI (%)


Hydrometer     


-0,002 %       


Activity 


Coefficient(%)
Description


8,20-8,70 33 32 1,03 Normal Activity Clay


18,60-19,20 48 51,5 0,93 Normal Activity Clay


24,50-25,00 48 69,9 0,69 Non-Active Clay


34,00-34,50 39 39 1,00 Normal Activity Clay


3,80-4,20 53 37,1 1,43 Active Clay


6,0-6,45 33 30,8 1,07 Normal Activity Clay


10,50-10,95 30 44 0,68 Non-Active Clay


12,00-12,30 29 17,1 1,70 Active Clay


BH-5 2,30-2,80 46 27,6 1,67 Active Clay


3,00-3,45 37 42,0 0,88 Normal Activity Clay


11,50-11,80 41 69,4 0,59 Non-Active Clay


16,00-16,30 44 41,9 1,05 Normal Activity Clay


3,00-3,45 43 45,6 0,94 Normal Activity Clay


9,00-9,45 23 31,2 0,74 Non-Active Clay


13,0013,50 40 54,1 0,74 Non-Active Clay


22,00-22,50 31 56,7 0,55 Non-Active Clay


25,50-26,00 35 56,7 0,62 Non-Active Clay


3,00-3,45 40 44,00 0,91 Normal Activity Clay


3,70-4,10 34 49,90 0,68 Non-Active Clay


6,20-7,20 38 60,10 0,63 Non-Active Clay


15,40-15,80 48 51,90 0,92 Normal Activity Clay


25,50-26,00 44 53,70 0,82 Normal Activity Clay


19,50-20,00 39 75,70 0,52 Non-Active Clay


24,00-25,00 40 68,20 0,59 Non-Active Clay


27,50-28,00 43 71,60 0,60 Non-Active Clay


29,50-30,00 39 76,20 0,51 Non-Active Clay


8,00-9,00 61 34,2 1,78 Active Clay


24,80-25,50 59 32,2 1,83 Active Clay


3,80-4,20 37 77,9 0,47 Non-Active Clay


11,50-12,00 35 63,3 0,55 Non-Active Clay


14,50-15,00 35 77,5 0,45 Non-Active Clay


16,00-16,50 39 49,6 0,79 Normal Activity Clay


24,50-25,50 32 70 0,46 Non-Active Clay


DH-1 10,50-11,00 38 25,50 1,49 Active Clay


DH-2 10,00-10,50 40 22,50 1,78 Active Clay


DH-3 28,00-28,50 44 18,01 2,44 Active Clay


1,50-1,80 23 76,4 0,30 Non-Active Clay


7,50-8,50 41 76,3 0,54 Non-Active Clay


11,00-12,00 37 52,2 0,71 Non-Active Clay


15,80-16,20 50 48,9 1,02 Normal Activity Clay


8,20-8,80 32 47,10 0,68 Non-Active Clay


11,20-11,80 39 70,4 0,55 Non-Active Clay


PZ-4


BH-13


CH


DH-4


PZ-9


BH-9


BH-12


BH-1


BH-4


BH-6
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Swelling Potential: 


Soil swelling is a term generally applied to the ability of a soil to undergo large changes in 


volume due to increased moisture content. Several commonly used swelling potential 


indices, namely Atterberg limits, coefficient of linear extensibility (COLE), cation exchange 


capacity (CEC) tests and saturated moisture content test (SP) were used to estimate the 


swelling potential of a group of soil samples representing the whole range of swelling 


potential. Important damages may be occur on constructions, covered highways, railways 


and airport, irrigation canals, dams, retaining walls that built on swelling soils without taking 


necessary precautions. 


Main factors that effect to swelling potential are clay fraction of soil, type of clay mineral and 


sedimentary conditions, stress conditions of field, history of clay stress, dry density, 


settlement of grains, natural moisture content, water saturation degree, void rate, 


permeability, thickness and depth of swelled soil layer, external strains, climate conditions, 


vegetation, compaction method for compacted soil and environmental variations. 


Determination of Swelling Potential: 


Swelling presure (gr/cm2) and the percentage of swelling (%) that obtained swelling tests on 


samples of weathered tuff units have been shown as a table and definition of swelling 


potential have been classified in according to Table-3.6 as following: 
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BH-1 CORE 8,20-8,70 81,00 13,0 CH TUFF


BH-4 CORE 3,80-4,20 91,93 18 MH TUFF


BH-5 CORE 2,30-2,80 78,75 14 CH TUFF


BH-11 CORE 28,50-29,00 78,24 13 SC TUFF


BH-12 CORE 0,50-1,00 72,68 11 SC TUFF


BH-12 CORE 3,70-4,10 89,68 16 CH TUFF


BH-13 CORE 19,50-20,00 89,12 17 CH TUFF


PZ-5 CORE 5,00-5,50 95,25 17 MH TUFF


PZ-6 CORE 2,30-3,00 89,12 16 SC TUFF


PZ-8 CORE 4,00-4,50 82,94 12 SC TUFF


PZ-9 CORE 3,80-4,20 88,05 18 CH TUFF


CH-1 CORE 8,20-8,80 84,02 15 CH TUFF


CLASS OF 


SOIL


TYPE OF 


SOIL


NAME OF 


BOREHOLE
SAMPLE DEPTH


SWELLING TEST
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Swelling potential percentage of CH type clay unit has been determined as 13-18 and has 


high swelling potential, 


Swelling potential percentage of MH type clay unit has been determined as 17-18 and has 


high swelling potential, 


Swelling potential percentage of SC type clay unit has been determined as 11-16 and has 


high swelling potential. (Yıldırım, 1956).         


 


Table-3.6. Swelling Potential (Yıldırım,1956) 


Percentage        


of Swelling (%)
Description


0-1,5 Low


1,5-5 Medium


5,0-25 High


> 25 Very High  


Expansion or crack conditions can occur in the foundations that built on the swelling soil. 


Here are the precautions to be taken; 


• The foundation soil can be changed with the better properties of soil  


• Compaction or chemical improvement can be executed 


• Changing the properties of the swelling soils by wetting or isolation is a solution. 


• The foundation can be reinforeced or deep foundation system may be designed. 


• The sweeling soils’ plasticity index can be reduced and shear strength can be 


increased by the adding lime or cement (%2-8 of the material weigth). So the 


sweeling potential is reduced. 


It is thougth that the deep foundation system can be more suitable geotechnical solution.  


 


Chemical Analysis of Topsoil Samples: 


Chemical tests have been performed at topsoil and groundwater samples for the purpose of 


indication harmful substances for concrete. This samples have been taken from units below 


of project elevation from No. 27 boreholes. Analysis results have been shown in Table-3.7: 
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Table-3.7. Chemical Analysis Results of Topsoil Samples 


Sample 


No 


 


Sample Name 


 


 


 


pH 


 


 


Total Salt 


Content 


(%)  


 


CaCO3 


(%) 


 


Water-Soluble 


Mg++ 


(mg/kg) 


 


Water-Soluble 


Cl- 


(mg/kg) 


316 BH-7        14.00-15.00 m 7.91 0.035 8.19 7.75 176 


317 PZ-2         18.00-19.00 m 7.50 0.049 0.64 14.65 704 


318 BH-8        15.20-18.00 m 8.16 0.064 2.01 25.55 528 


319 BH-11      29.00-30.00 m 7.79 0.035 11.29 19.15 792 


320 PZ-8             0.00-4.00 m 7.25 0.030 0.64 5.25 704 


321 PZ-1            3.50  4.00 m 7.62 0.062 14.70 21.80 1056 


322 PZ- 6        23.00-25.00 m 8.10 0.088 1.85 30.40 795 


323 BH-10      28.50-32.00 m 8.08 0.078 2.69 32.10 968 


324 DH-2            3.00-4.50 m 7.90 0.067 13.10 23.75 352 


325 DH-3            3.50-5.00 m 7.87 0.065 6.47 29.20 880 


326 PZ-1         16.00-17.00 m 7.40 0.049 0.64 15.75 1056 


327 DH-1            6.20-7.50 m 7.04 0.049 0.64 9.0 704 


328 BH-4            0.00-3.00 m 7.84 0.082 11.69 28.30 528 


329 BH-2         9.50  10.50 m 7.68 0.047 8.11 17.25 616 


330 PZ-4             5.00-7.50 m 7.74 0.060 0.80 32.00 175 


331 BH-6            3.00-5.00 m 7.94 0.050 8.72 27.65 178 


332 BH-13        0.00-12.00 m 8.24 0.106 3.66 50.15 264 


333 BH-1            6.00-7.50 m 7.23 0.069 2.01 16.70 1321 


334 BH-12          1.50-3.00 m 7.45 0.077 0.64 16.60 968 


335 PZ-5             6.00-7.50 m 7.23 0.064 0.56 12.40 705 


336 BH-5           2.00-3.00 m 7.64 0.053 0.72 11.75 528 


337 PZ-7         20.00-21.00 m 8.18 0.188 2.29 14.95 793 


338 PZ-3             4.50-7.00 m 8.15 0.086 2.09 15.40 88 


363 PZ-9             5.00-6.00 m 7.94 0.047 10.16 38.95 705 


364 CH           31.50-33.00 m 8.20 0.094 9.52 40.45 702 


365 BH-3            0.50-3.00 m 7.08 0.040 0.80 27.25 616 


366 BH-9            2.50-4.00 m 7.91 0.067 16.43 34.20 528 


367 DH-4            1.00-2.00 m 8.02 0.061 15.95 39.55 968 
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3.3. Evaluation and Classification of Mechanical Properties of Rocks 


Point load tests and uniaxial compression tests have been performed on core samples that 


took from andesite, limestone and claystone units during the drilling studies for the purpose 


of determination of strength properties of rocks (Table-3.8).  


Table-3.8.a Strength Test Results for Rock Units (BH-1/BH-13, PZ-1/PZ-9, DH-1/DH-4) 


BOREHOLE 


NAME
SAMPLE DEPTH


UNIAXIAL 


COMPRESSION 


STRENGTH 


(qu=kg/cm
2
)


CLASS 


OF SOIL


TYPE OF 


SOIL


BH-3 CORE 9,00-9,20 50 - TUFF


BH-3 CORE 18,00-18,50 84 - TUFF


BH-4 CORE 14,00-14,50 88 - TUFF


BH-4 CORE 19,50-20,00 59 - TUFF


BH-5 CORE 8,10-8,30 31 - TUFF


BH-5 CORE 19,00-19,50 36 - TUFF


BH-5 CORE 29,00-29,30 48 - TUFF


BH-7 CORE 13,00-13,40 193 - TUFF


BH-11 CORE 6,00-7,20 102 - TUFF


BH-11 CORE 11,00-12,00 211 - TUFF


PZ-2 CORE 10,60-10,75 54 - ANDESITE


PZ-3 CORE 15,00-15,60 33 - TUFF


PZ-3 CORE 20,00-20,50 24 - TUFF


PZ-3 CORE 28,00-28,50 31 - TUFF


PZ-3 CORE 28,50-28,70 33 - TUFF


PZ-4 CORE 14,70-16,00 37 - TUFF


PZ-5 CORE 9,50-10,50 47 - TUFF


PZ-5 CORE 14,50-14,80 59 - TUFF


PZ-5 CORE 26,60-26,80 46 - TUFF


PZ-9 CORE 18,00-18,50 46 - TUFF


PZ-9 CORE 23,50-24,00 41 - TUFF


PZ-9 CORE 25,50-26,00 53 - TUFF


PZ-9 CORE 29,00-29,30 49 - TUFF


PZ-9 CORE 29,50-29,80 56 - TUFF


DH-3 CORE 24,20-24,60 31 - TUFF
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 Table-3.8.b Strength Test Results for Rock Units (BH-1/BH-13, PZ-1/PZ-9, DH-1/DH-4) 


BOREHOLE 


NAME
SAMPLE DEPTH


POINT LOAD 


TEST 


(Is(50)=kg/cm
2
)


CLASS 


OF SOIL
TYPE OF SOIL


BH-1 CORE 15,20-15,30 2,64 - TUFF


BH-1 CORE 19,50-19,60 2,56 - TUFF


BH-3 CORE 8,00-8,20 15,32 - TUFF


BH-3 CORE 13,00-13,30 19,8 - TUFF


BH-3 CORE 15,50-16,00 2,9 - TUFF


BH-3 CORE 27,50-27,80 8,65 - TUFF


BH-3 CORE 29,00-29,20 6,71 - TUFF


BH-4 CORE 3,50-3,70 3,7 - TUFF


BH-4 CORE 16,50-17,00 2,91 - TUFF


BH-5 CORE 7,90-8,00 2,1 - TUFF


BH-5 CORE 13,80-14,00 2,2 - TUFF


BH-5 CORE 17,00-17,50 2,3 - TUFF


BH-5 CORE 24,70-24,80 3,3 - TUFF


BH-5 CORE 27,20-27,50 2,99 - TUFF


BH-6 CORE 13,60-13,80 2,5 - TUFF


BH-6 CORE 19,50-19,60 2,2 - TUFF


BH-6 CORE 22,60-22,70 2,4 - TUFF


BH-6 CORE 24,50-24,70 2,11 - TUFF


BH-6 CORE 26,70-26,80 3,2 - TUFF


BH-7 CORE 13,80-13,90 12,3 - TUFF


BH-7 CORE 27,60-27,80 21 - LIMESTONE


BH-9 CORE 27,00-27,20 2,23 - TUFF


BH-9 CORE 29,00-29,20 2,31 - TUFF


BH-11 CORE 37,80-38,00 2,9 - TUFF


BH-13 CORE 6,50-6,60 17,07 - LIMESTONE


BH-13 CORE 12,00-12,50 26,7 - LIMESTONE


PZ-1 CORE 14,50-15,00 2,1 - TUFF


PZ-2 CORE 17,00-17,20 3,62 - ANDESITE


PZ-3 CORE 6,00-6,30 14,91 - TUFF


PZ-3 CORE 19,60-19,70 3,17 TUFF


PZ-3 CORE 24,00-24,20 4,87 - TUFF


PZ-4 CORE 19,50-20,00 8,8 - TUFF


PZ-5 CORE 13,50-13,80 2,88 - TUFF


PZ-5 CORE 25,80-25,90 5,96 - TUFF


PZ-5 CORE 29,20-29,40 3,35 - TUFF


PZ-6 CORE 16,50-16,60 11,2 - TUFF


PZ-6 CORE 23,00-23,10 4,1 - TUFF


PZ-6 CORE 25,50-25,60 16,6 - TUFF


PZ-7 CORE 15,00-15,20 3,84 - TUFF


PZ-8 CORE 12,00-12,20 15,6 - LIMESTONE


PZ-9 CORE 20,50-20,80 4,3 - TUFF


PZ-9 CORE 21,50-21,60 2,24 - TUFF


DH-1 CORE 27,00-27,20 3,35 - CLAYSTONE


DH-2 CORE 23,00-23,20 6,71 - CLAYSTONE


DH-3 CORE 18,20-18,40 4,22 - TUFF  
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Point load value of tuff unit that observed in investigation area has been determined between 


the range of 2,1-16,6 kg/cm2 (avg. 9,35 kg/cm2) and as low-very low strength rock. Point load 


value of claystone unit is between the range of 3,35-6,71 kg/cm2 (avg. 5,03 kg/cm2) and it is 


in very low strength rock class. Point load value of limestone unit is between the range of 


15,6-26,7 kg/cm2 (avg. 21,15 kg/cm2) and it is in low-intermediate strength rock class. Point 


load value of andesite unit have been determined as 3,6 kg/cm2  and it is in very low strength 


rock class (Table-3.9). 


Table-3.9. Classification in according to Point Load Strength (Bieniawski, 1975) 


          Class of Rock 
Point Load Strength 


 (kg/cm2) 


Very High Strength >80 


High Strength 80-40 


Medium Strength 40-20 


Low Strength 20-10 


Very Low Strength <10 


 


Uniaxial compression strength of tuff unit is between the range of qu=24 - 211 kg/cm2 (avg. 


117,5 kg/cm2) and it is in intermediate-high-very high strength rock class. Uniaxial 


compression strength of andesite unit has been determined as qu=54 kg/cm2 and it is in very 


low strength rock class in according to Table-3.10. 


Table-3.10. Classification in according to Uniaxial Compression Strength (Deere ve Miller, 1966)  


Class of Rock Uniaxial Compression Strength (kg/cm2) 


Very High Strength >2000 


High Strength 2000-1000 


Medium Strength 1000-500 


Low Strength 500-250 


Very Low Strength <250 


In Table-3.11, uniaxial compression strength has been calculated using point load strength. 
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Table-3.11. Uniaxial Compression Strength Values Obtained from Point Load Test 


Bore 


Number
Sample Type


Depth         


(m)


Point Load   


Test 


(kg/cm
2
)


Uniaxial 


compression test


(kg/cm
2
)


Strength For Point Load       


Test                      


(Bieniawski)                


�b=12I=12P/D2


(kg/cm2)


Strength For Uniaxial 


compression test         


(Deere and Miller, 1976)


BH-1 TUFF 15,20-15,30 2,64 31,68 Very Low Very Low 


BH-1 TUFF 19,50-19,60 2,56 30,72 Very Low Very Low 


BH-3 TUFF 8,00-8,20 15,32 183,84 Low Very Low 


BH-3 TUFF 13,00-13,30 19,8 237,6 Low Very Low 


BH-3 TUFF 15,50-16,00 2,9 34,8 Very Low Very Low 


BH-3 TUFF 27,50-27,80 8,65 103,8 Very Low Very Low 


BH-3 TUFF 29,00-29,20 6,71 80,52 Very Low Very Low 


BH-4 TUFF 3,50-3,70 3,7 44,4 Very Low Very Low 


BH-4 TUFF 16,50-17,00 2,91 34,92 Very Low Very High


BH-5 TUFF 7,90-8,00 2,1 25,2 Very Low Very Low 


BH-5 TUFF 13,80-14,00 2,2 26,4 Very Low Very High


BH-5 TUFF 17,00-17,50 2,3 27,6 Very Low Very Low 


BH-5 TUFF 24,70-24,80 3,3 39,6 Very Low Very Low 


BH-5 TUFF 27,20-27,50 2,99 35,88 Very Low Very Low 


BH-6 TUFF 13,60-13,80 2,5 30 Very Low Very Low 


BH-6 TUFF 19,50-19,60 2,2 26,4 Very Low Very Low 


BH-6 TUFF 22,60-22,70 2,4 28,8 Very Low Very Low 


BH-6 TUFF 24,50-24,70 2,11 25,32 Very Low Very Low 


BH-6 TUFF 26,70-26,80 3,2 38,4 Very Low Very Low 


BH-7 TUFF 13,80-13,90 12,3 147,6 Low Very Low 


BH-7 LIMESTONE 27,60-27,80 21 252 Medium Very Low 


BH-9 TUFF 27,00-27,20 2,23 26,76 Very Low Very Low 


BH-9 TUFF 29,00-29,20 2,31 27,72 Very Low Very Low 


BH-11 TUFF 37,80-38,00 2,9 34,8 Very Low Very Low 


BH-13 LIMESTONE 6,50-6,60 17,07 204,84 Low Very Low 


BH-13 LIMESTONE 12,00-12,50 26,7 320,4 Medium Very Low 


PZ-1 TUFF 14,50-15,00 2,1 25,2 Very Low Very Low 


PZ-2 ANDESITE 17,00-17,20 3,62 43,44 Very Low Very Low 


PZ-3 TUFF 6,00-6,30 14,91 178,92 Very Low Very Low 


PZ-3 TUFF 19,60-19,70 3,17 38,04 Very Low Very Low 


PZ-3 TUFF 24,00-24,20 4,87 58,44 Very Low Very Low 


PZ-4 TUFF 19,50-20,00 8,8 105,6 Very Low Very Low 


PZ-5 TUFF 13,50-13,80 2,88 34,56 Very Low Very Low 


PZ-5 TUFF 25,80-25,90 5,96 71,52 Very Low Very Low 


PZ-5 TUFF 29,20-29,40 3,35 40,2 Very Low Very Low 


PZ-6 TUFF 16,50-16,60 11,2 134,4 Low Very Low 


PZ-6 TUFF 23,00-23,10 4,1 49,2 Very Low Very Low 


PZ-6 TUFF 25,50-25,60 16,6 199,2 Low Very Low 


PZ-7 TUFF 15,00-15,20 3,84 46,08 Very Low Very Low 


PZ-8 LIMESTONE 12,00-12,20 15,6 187,2 Low Very Low 


PZ-9 TUFF 20,50-20,80 4,3 51,6 Very Low Very Low 


PZ-9 TUFF 21,50-21,60 2,24 26,88 Very Low Very Low 


DH-1 CLAYSTONE 27,00-27,20 3,35 40,2 Very Low Very Low 


DH-2 CLAYSTONE 23,00-23,20 6,71 80,52 Very Low Very Low 


DH-3 TUFF 18,20-18,40 4,22 50,64 Very Low Very Low  







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 101EGE TEMEL DRILLING CO. 


Rock Quality Designation Index (RQD) 


Rock Quality Designation Index (RQD) was developed by Deere (Deere et al., 1967) to 


provide a quantitative estimate of rock mass quality form drill core logs. RQD is defined as 


the percentage of intact core pieces longer than 100 mm (4 inches) in the total length of core. 


The core should be at least NX size (54,7 mm or 2,15 inches in diameter) and should be 


drilled with a double-tube core barrel. RQD formula (Deere et al., 1967) is; 


RQD(%) =
� Length of core pieces > 10 cm length


� Length of core run


x 100


 


When core recovery (CR) and rock qualities (RQD) examined in Table-3.12; 


Rock quality of andesite unit is in between the range of RQD=%0-21, it is in very poor quality 


rock class in according to classification of  RQD. 


Rock quality of tuff unit is in between the range of RQD=%0-82,6, it’ s quality is from very 


poor  to good in according to classification of  RQD. 


Rock quality of claystone unit is in between the range of RQD=%0-6,6, it is in very poor 


quality rock class in according to classification of  RQD. 


Rock quality of limestone unit is in between the range of RQD=%0-7,6, it is in very poor 


quality rock class in according to classification of  RQD 


Table-3.12. Classification in according to RQD 


Rock Quality Degree (RQD) Classification 


0-25 Very Poor 


25-50 Poor 


50-75 Fair 


75-90 Good 


90-100 Excellent 
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4.GEOTECHNICAL ANALYSIS AND EVALUATIONS 


4.1. Structure-Soil Relation 


The construction of a refinery complex had been planned as a scope of Socar-Turcas 


Aegean Refinery (Star) Project in, Alia�a District, �zmir City, West part of Petkim site. 


According to the soil investigation test location drawing (BD0506A-0000-41-003) that 


ensured by the project owner (Socar&Turcas A.S), there are variable diameters of tanks for 


the different project elevations and also some other heavy structures (pumps, drums, 


column, steel or/and concrete chimney) that had been determined project elevations, have 


not been known their foundation area (See Appendix-4.1). Exception of general layout 


drawing, any drawing of sections that belongs to the structures could not been ensured.   


Therefore, with the guidance of project owner (Socar&Turcas A.S) for tank structures’ 


foundations depth has been assumed D=1.5m below the project elevations. The diameter of 


tanks are as in the general layout. Foundation shape of the spherical tank (640-TK-002A 


Tank) that placed on PZ1 borehole has been assumed as square and dimensions have been 


assumed B=26m, L=26m. The facilities that had been specified project elevation and not 


been known foundation area, have been assumed as B=3m, L=3m and foundation depth 


D=2m. Nevertheless, structures’ stresses (including foundation weigth) that is transferred to 


the soil have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities 


due to the loads of structures’ uncertainty. Stress of structure (including foundation weigth) 


that is transferred to the soil have been adopted as 108 kPa for spherical tank that placed on 


PZ1 area. 


Base map of investigation site is also available. When project and boreholes elevations has 


been considered, there are some regions that have been supposed to excavate (max 27.5m) 


and fill (13.5m). Depending on the all of these assumptions and the data obtained, 


geotechnical analysis have been done for the only facilities’ foundations that located on the 


borehole.  


Foundation design has been evaluated for raft foundation (shallow foundation). Also soil or 


rock strata below of the foundation base elevations have been presented as idealized soil 


profiles in Appendix-4.2. 


While the bearing capacity analysis have been evaluated according to the soil strata that are 


in the sliding wedge (H=0.5Btan(45+�/2), the settlement analysis had been considered along 


the effective depth (0.1�’�	�z). 


However, ground water tables had been observed variable depth from the ground surface on 


the site so, evaluations have depended on the effective stresses. 
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4.2. Evaluation of Rock and Weathered Rock Types  


4.2.1. Classification of Weathered Rock Types  


No. 27 boreholes (BH1/BH13, PZ1/PZ9, DH1/DH4 ve CH1) its depths are variable between 


30,00 to 45,00 m (totally 861,00 m) have been performed with coring and No.2 boreholes 


(1bis ve 1ter) its depths are 42,00 m (totally 84,00 m) have been performed without coring in 


investigation area for the purpose of determination of engineering parameters.  


Standart penetration tests (SPT) have been performed during the borings, laboratory tests 


have been carried on these remoulded (SPT) and undisturbed samples. 


When observational evaluations, boring studies and laboratory analysis results examine 


together, that is seen layer of fill is placed on min. 0,30 and max. 2,00 m depth from surface 


in investigation area. Besides in PZ-1 and PZ-5 boreholes, there is topsoil layer 


approximately 30 m thick on the surface. Generally tuff layer is placed to afterwards fill and 


topsoil layer all along prospection depth. 


Weathered rock units in the investigation area are CH type (rarely CL and CI type) clayey, 


MH type (rarely MI type) silty, SC, SM type sandy and GC type in according to results of the 


laboratory tests. 


4.2.2 Interpretation of Soil Profile 


When observational evaluations, boring studies and laboratory analysis results examine 


together, layer of fill and in some places topsoil layer is placed on surface, generally tuff layer 


is placed to afterwards fill and topsoil layer all along prospection depth in investigation area. 


Besides andesite unit has been observed in southwest part of the area, claystone unit has 


been observed in south of the area and limestone unit has been observed in some places in 


north part of the area.  


Topsoil and Fill Layers; 


That is seen layer of fill is placed on min. 0,30 and max. 2,00 m depth from surface in 


investigation area. Besides in PZ-1 and PZ-5 boreholes, there is topsoil layer approximately 


0.30 m thick on the surface. Layer of fill has been determined that it is brown colored, sandy, 


limestone-tuff gravelly and clayey, gravel’ s max. dimension is 6 cm. 


Tuff Unit;  


Tuff unit that generally observed in all investigation area is light brownish cream-greenish-


reddish brown and grayish. Moreover unit is whitish in the west and north parts of the area by 


reason of carbonation. Commonly  tuff unit has been observed as highly weathered in some 


places slightly weathered related to alteration. 
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Weathered tuff unit has been observed that it has the characteristics of gravelly, sandy and 


clayey soil. Tuff units have been determined as CH type (rarely CL and CI type) clayey, MH 


type (rarely MI type) silty, SC, SM type sandy and GC type gravelly soil in according to 


results of the classification tests. 


Slightly weathered tuff units contain fine gravels in some places and rarely gas voids. 


Generally these units are fractured-completely fractured, in some places with oblique and 


vertical joints its spacing is less than 1 mm, surface is generally rough, in some places filled 


with clay and such as feature of soap. Besides blackish oxidations have been observed on 


the joint surfaces. 


Tests performed for strength parameters of tuff unit; following assignations have been done 


as below;    


Point load value of tuff unit that observed in investigation area has been determined between 


the range of 2,1-16,6 kg/cm2 and as low-very low strength rock (Bieniawski, 1975). 


Uniaxial compression strength of tuff unit is between the range of qu=24 - 211 kg/cm2 and it is 


in intermediate-high-very high strength rock class (Deere ve Miller, 1966). 


Andesite Unit;  


Andesite unit has been observed in southwest part of the area, at 20,00-21,00 m depths in 


BH-1 borehole, at 27,00-30,00 m depths in BH-8 and BH-9 boreholes, approximately at 6,00-


30,00 m depths in PZ-2 and DH-4 boreholes. It is placed as alternation with tuff unit. It ıs 


pinkish-reddish-brownish and rarely greenish colored and has the characteristics of gravelly, 


silty, clayey, sandy soil on weathered parts. Andesite units have been determined as CH 


type clayey, MH, MI type silty, SC, SM type sandy and GC type gravelly soil in according to 


results of the classification tests. Generally these units are fractured-completely fractured, in 


some places with oblique and vertical joints, its spacing is less than 1 mm, surface is 


generally rough, in some places filled with clay. 


Tests performed for strength parameters of andesite unit; following assignations have been 


done as below;    


Point load value of andesite unit have been determined as 3,6 kg/cm2  and it is in very low 


strength rock class (Bieniawski, 1975). 


Uniaxial compression strength of andesite unit has been determined as qu=54 kg/cm2 and it 


is in very low strength rock class in according to test results (Deere ve Miller, 1966). 


Claystone Unit;  


Claystone unit that is grayish and greenish colored has been observed in south part of the 


area, at 28,80-30,00 m depths in BH-2 borehole, at 21,00-30,00 m depths in DH-1 borehole, 
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at 9,50-30,00 m depths in DH-2 borehole. It has the characteristics of gravelly, sandy, clayey 


soil in weathered parts of rock. Claystone unit has been determined as CH type clayey soil in 


according to results of the classification tests. These units are fractured-completely fractured, 


in some places with oblique and vertical joints, its spacing is less than 1 mm, surface is 


generally rough, in some places filled with clay in low weathered parts of rock. 


Point load value of claystone unit has been determined between the range of 3,35-6,71 


kg/cm2 and it is in very low strength rock class (Bieniawski, 1975). 


Limestone Unit;  


Limestone unit has been observed in north part of the area, at 27,50-30,00 m depths in BH-7 


borehole, at 0,00-16,50 m depths in BH-13 borehole, at 12,00-16,00 m depths in PZ-8 


borehole and at 3,00-11,00 m depths in CH-1 borehole. It is gray colored, slightly weathered, 


blocky, fractured-completely fractured, in some places with oblique and vertical joints, its 


spacing is 1 mm, surface is generally rough, in some places filled with quartz. Besides 


reddish and brownish oxidation and silification have been observed. Point load value of 


limestone unit is between the range of 15,6-26,7 kg/cm2 and it is in low-intermediate strength 


rock class in according to test results (Bieniawski, 1975). 


Groundwater has been discovered all the boreholes in investigation area and groundwater 


levels have been presented as a table in Chapter-2.3.  


Geotechnical soil sections which prepared to evaluate with boring datum and laboratory 


analysis results together have been presented in Appendix-2.3. 


Average and minimum-maximum values of density and strength parameters obtained from 


laboratory tests on rock units have been shown on following tables:  


                                  


Natural Density   


(gr/cm
3
 )


Dry Density    


(gr/cm
3
 )


minimum 1,478 1,218


maximum 2,424 2,021


average 1,942 1,534


minimum 1,739 1,381


maximum 2,29 1,506


average 1,990 1,461


minimum 1,907 1,502


maximum 2,293 1,928


average 2,051 1,679


LIMESTONE 2,29 -


TUFF


ANDESITE


CLAYSTONE


Average and Minimum-Maximum Values of                   


Natural and Dry Density Parameters


TYPE OF SOIL
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c (kg/cm
2
) Ø (°)


minimum 0,255 5 minimum


maximum 0,547 16 maximum


average 0,47 9 average


minimum 0,494 9 minimum


maximum 0,511 10 maximum


average 0,5 10 average


CLAYSTONE 0,423 10 minimum


maximum


average


c (kg/cm
2
) Ø (°)


minimum 0,09 12


maximum 3,63 42


average 2,02 21


CLAYSTONE 1,54 19


Average and Minimum-Maximum Values of                   


Direct Shear Test Parameters


DIRECT SHEAR TEST


TUFF 


AVERAGE and MINIMUM-MAXIMUM VALUES of STRENGTH PARAMETERS                               


OBTAINED FROM WEATHERED ROCK UNITS


TYPE OF SOIL


Average and Minimum-Maximum Values of                   


Triaxial Compression Strength Test Parameters


TYPE OF SOIL


TRIAXIAL COMPRESSION 


STRENGTH TEST


TUFF


ANDESITE


4,406


UNIAXIAL COMPRESSION     


STRENGTH TEST (qu=kg/cm
2
)


TYPE OF SOIL


Average and Minimum-Maximum Values of                


Uniaxial Compression Strength Test Parameters  


TUFF 


2,790


ANDESITE


CLAYSTONE


1,290


11,885


5,019


1,723


5,710


3,518


1,487


 


 


minimum minimum


maximum maximum


average average


minimum ANDESITE


maximum


average


minimum


maximum


average


ANDESITE


54


Average and Minimum-Maximum Values of                   


Point Load Strength Test Parameters


Average and Minimum-Maximum Values of                


Uniaxial Compression Strength Test Parameters  


TYPE OF SOIL


UNIAXIAL COMPRESSION     


STRENGTH TEST 


(qu=kg/cm2)


TUFF 


24


193


62


2,10


19,80


TYPE OF SOIL
POINT LOAD TEST            


(Is(50)=kg/cm
2
)


TUFF 


5,23


AVERAGE and MINIMUM-MAXIMUM VALUES of STRENGTH PARAMETERS                               


OBTAINED FROM ROCK UNITS


LIMESTONE


CLAYSTONE


3,62


15,60


26,70


20,09


3,35


6,71


5,03
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4.2.3. Liquefaction Risk and Soil Amplification 


Liquefaction Risk 


The forces between undrained, saturated, loose-medium relative densitied, non plastic silt 


and sand particules are transferred to the existent water when the earthquake occurs. For 


that reason pore water pressure increase rapidly and soil’s effective overburden pressure 


decrease to zero. As a consequence soil loses it’s bearing capacity and construction 


damages occur. 


When this situation that summaries the liquefaction theory, idealized soil or weak rock layers 


that located in throughout of the field and ground water level are handled as a whole, it is 


predicted that liquefaction risk is not existed in the investigation area. 


Soil Amplification  


It is well known that the seismic waves have been considerably amplified by soft soils in spite 


of the hard ones. Soil amplification is a function of some parameters such as epicentral 


distance, magnitude of earthquake, depth of bedrock and soil profile. 


Bedrock accelerations that calculated in accordance with the epicentral distance has been 


presented in Figure 4.1 and possible soil amplification values can be evaluated as in the 


Figure 4.2 for the variable earthquake magnitudes (Idriss, 1999). 


With using Figure 4.2, if the epicentral distance is adopted as 10 km and magnitude of 


earthquake ranges between M=7 and M=7.5, the soil amplification will be order of 1,2  for the 


investigation area. For the same magnitude of earthquake, bedrock acceleration rages 


a=0,32g and a=0,39g.  But according to the regulation of the building that will be constructed 


in earthquake sections (D.B.Y.B.H.Y 2007), ground surface accelaration coefficient (a) is 0,4 


for the first degree earthquake zone in Turkey’s Earthquake Map. 


When the boreholes and project elevations, D=1.5m, D=2m the depth of foundations, soil or 


rock type and their laboratory and site observations have been taken together, soil 


classfication and spectrum characteristic periods (Ta and Tb) are as following Table-4.4, 


according to the criteria of the regulation of the building that will be constructed in earthquake 


sections (D.B.Y.B.H.Y 2007, See. Table-4.2, 4.3). 


Table-4.1 Spectrum Characteristic Periods (D.B.Y.B.H.Y, 2007) 


 


Local Soil Classifications 
TA            


(sn) 
TB            


(sn) 


Z1 0.10 0.30 


Z2 0.15 0.40 


Z3 0.15 0.60 


Z4 0.20 0.90 
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Table-4.2 Soil Groups 


>50 85-100


>32 -


30-50 65-85


16-32 -


10-30 35-65


8-16 -


<10 <35


<8 -


(D)


1.Loose volcanic rocks as tuff 


and agglomarate, planes of 


discontinuity in the weathered 


cemented sedimentary rocks… 


2. Dense sand, gravel………… 


3. Very stiff clay and silty clay..


- <200


2. Loose sand……………….


3. Soft clay, sity clay………..


<200-


<100 <200


(C)


<500 400-700- -


-


100-200


200-400


200-300


200-400


400-700


300-700


1.Soft planes of discontinuity in 


the highly weathered metamorfic 


rocks and cemented sedimentary 


rocks……………


2.Medium density sand, gravel..


3.Stiff clay and silty clay……..


1.Soft, thick alluvial layers that 


groung water level is high…..
- -


- 500-1000 700-1000


-


-


>400


>700


>700


Relative 


Density 


(%)


Shear Wave 


Velocity 


(m/sn)


Unconfined 


Compressive 


Strength (kPa)


- - >1000 >1000


1. Massive volcanic rocks, 


competent unweathered 


metamorfic rocks and hard 


cemented sedimentary rocks... 


Standart 


Penetration 


(N30)


Definition of Soil Group
Soil 


Groups


(A)


(B)


-


2.Very dense sand, gravel…...     


3.Hard clay and silty clay……


 


Table-4.3 Local Soil Classifications 


Z4
(C) Group Soils, h1 >50m 


(D) Group Soils, h1 >10m 


(B) Group Soils, h1>15m 


(C) Group Soils, h1�15m 


(C) Group Soils, 15m< h1 �50m 


Z2


Z3
(D) Group Soils, h1�10m 


Z1


Local Soil 


Classification


Soil Groups in Table-4.2 and Thick of the 


top layer that below the foundation (h1)


(A) Group Soils


(B) Group Soils, h1�15m 
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Figure 4.1 Bedrock acceleration (Idriss, 1999) 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 4.2 Soil Amplification (Idriss, 1999) 
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Table 4.4 Soil Groups, Soil Classifications and Spectrum Characteristic Periods  
 


Ta Tb


PZ-1 640-TK-002A Tank Z2 0.15 0.40


PZ-2 630-TK-001A Tank Z2 0.15 0.40


PZ-3 630-TK-009B Tank Z2 0.15 0.40


PZ-4 U-100  CDU/VDU/NSPI Z2 0.15 0.40


PZ-5 640-TK-008A Tank Z2 0.15 0.40


PZ-6 Coke Loading Area Z2 0.15 0.40


PZ-7 640-TK-007A Tank Z2 0.15 0.40


PZ-8 630-TK-013C Tank Z2 0.15 0.40


PZ-9
D,  U850 / Maintanence 


Workshops-Warehouse
Z2 0.15 0.40


DH-1 620-TK-001B Tank Z2 0.15 0.40


DH-2 640-TK-006A Tank Z2 0.15 0.40


DH-3 U-190/116/415 Z2 0.15 0.40


DH-4
C,  U840                 


Laboratory-Fire Brigade
Z2 0.15 0.40


CH U-530 Z2 0.15 0.40


BH-1 U-160/161/162/165 Z2 0.15 0.40


BH-2 620-TK-001D Tank Z2 0.15 0.40


BH-3 U-110 SGP Z2 0.15 0.40


BH-4 630-TK-006A Tank Z2 0.15 0.40


BH-5 640-TK-009A Tank Z2 0.15 0.40


BH-6 U-150 HC/HC PSA Z2 0.15 0.40


BH-7 640-TK-003 Tank Z2 0.15 0.40


BH-8 U-150 HC/HC PSA Z2 0.15 0.40


BH-9 630-TK-015A Tank Z2 0.15 0.40


BH-10 U-643 Coke Storage Z2 0.15 0.40


BH-11 630-TK-014A Tank Z2 0.15 0.40


BH-12 630-TK-013A Tank Z2 0.15 0.40


BH-13 630-TK-010B Tank Z2 0.15 0.40


Boreholes Structures Soil Group
Local Soil 


Classification


Spectrum              


Characteristic Periods 


C


C


B


C


C


C


B


C


C


C


C


C


C


C


C


C


C


C


C


C


C


C


C


C


C


C


B


 


4.2.4 Evaluation of Bearing Capacity, Settlement Analysis and Modulus of Subgrade 


Reaction 


Bearing Capacity Analysis 


Bearing capacity is not the constant that depends on only foundation soil type.It is a function 


of structures’ foundation type, geometry, shapes and loading conditions too. 


Therefore, with the guidance of project owner (Socar&Turcas A.S) for tank structures’ 


foundations depth has been assumed D=1.5m below the project elevations. The diameter of 


tanks are as in the general layout. Foundation shape of the spherical tank (640-TK-002A 


Tank) that placed on PZ1 borehole has been assumed as square and dimensions have been 


assumed B=26m, L=26m. The facilities that had been specified project elevation and not 


been known foundation area, have been assumed as B=3m, L=3m and foundation depth 


D=2m. Nevertheless, structures’ stresses (including foundation weigth) that is transferred to 
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the soil have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities 


due to the loads of structures’ uncertainty. Stress of structure (including foundation weigth) 


that is transferred to the soil have been adopted as 108 kPa for spherical tank that placed on 


PZ1 area. 


Base map of investigation site is also available. When project and boreholes elevations has 


been considered, there are some regions that have been supposed to excavate (max 27.5m) 


and fill (13.5m). Depending on the all of these assumptions and the data obtained, 


geotechnical analysis have been done for the only facilities’ foundations that located on the 


borehole.  


Foundation design has been evaluated for raft foundation (shallow foundation). Also soil or 


rock strata below of the foundation base elevations have been presented as idealized soil 


profiles in Appendix-4.2. 


The bearing capacity analysis have been evaluated according to the soil strata that are in the 


sliding wedge (H=0.5Btan(45+�/2). While Meyerhof, Hansen and Skempton’s analytical 


methods has been considered for the layers that have characteristic of soil (completely or 


highly weathered strata), Bell’s solution criteria has been used in the weak rocks’ bearing 


capacity. The analysis results are as in the Table-4.5 and Appendix-4.2. 


 
Table 4.5 Results of Bearing Capacity Analysis 
 


PZ-1 640-TK-002A Tank 16.74 14.70 13.20 20.20


PZ-2 630-TK-001A Tank 54.38 39.70 38.20 17.40


PZ-3 630-TK-009B Tank 17.81 14.70 13.20 28.00


PZ-4 U-100  CDU/VDU/NSPI 28.10 24.70 22.70 22.50


PZ-5 640-TK-008A Tank 54.92 49.70 48.20 20.00


PZ-6 Coke Loading Area 56.35 34.70 32.70 22.70


PZ-7 640-TK-007A Tank 69.19 49.70 48.20 41.00


PZ-8 630-TK-013C Tank 67.74 79.70 78.20 25.50


PZ-9
D,  U850 / Maintanence 


Workshops-Warehouse
97.33 99.70 97.70 22.00


DH-1 620-TK-001B Tank 30.86 31.70 30.20 17.50


DH-2 640-TK-006A Tank 33.78 34.70 33.20 20.00


DH-3 U-190/116/415 34.48 34.70 32.70 22.70


DH-4
C,  U840                 


Laboratory-Fire Brigade
99.62 99.70 97.70 22.503m x 3m x 2m


Weathered Tuff        


(Characteristic of  Soil)


43.2m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of Soil)


3m x 3m x 2m


Weathered Andesitic 


Tuff  (Characteristic of 


Soil)


82m x 1.5m
Weathered Tuff        


(Characteristic of Soil)


52.8m x 1.5m Tuff


52.8m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


41.4m x 1.5m
Weathered Tuff        


(Characteristic of Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of Soil)


27.5m x 1.5m Tuff


3m x 3m x 2m
Weathered Tuff        


(Characteristic of Soil)


26m x 26m x1.5m
Weathered Tuff        


(Characteristic of Soil)


30.5m x 1.5m
Weathered Andesite      


(Characteristic of Soil)


Project 


Elevation


Foundation 


Base 


Elevation


Foundation Soil


Bearing 


Capacity   


(t/m
2
)


Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) or 


R(m)xD(m)


Boreholes 


Elevation
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Table 4.5 Cont. 


CH U-530 76.96 49.70 48.20 28.00


BH-1 U-160/161/162/165 26.96 24.70 22.70 21.40


BH-2 620-TK-001D Tank 40.44 31.70 30.20 24.00


BH-3 U-110 SGP 29.87 34.70 32.70 21.00


BH-4 630-TK-006A Tank 43.61 49.70 48.20 20.00


BH-5 640-TK-009A Tank 50.48 49.70 48.20 24.00


BH-6 U-150 HC/HC PSA 35.90 34.70 32.70 22.70


BH-7 640-TK-003 Tank 47.85 34.70 33.20 25.00


BH-8 U-150 HC/HC PSA 48.73 34.70 32.70 24.50


BH-9 630-TK-015A Tank 51.45 49.70 48.20 20.10


BH-10 U-643 Coke Storage 59.28 34.70 32.70 25.10


BH-11 630-TK-014A Tank 78.79 49.70 48.20 30.00


BH-12 630-TK-013A Tank 72.36 79.70 78.20 28.00


BH-13 630-TK-010B Tank 91.86 79.70 78.20 37.60


53mx106.6mx2m
Weathered Tuff        


(Characteristic of Soil)


49.5m x 1.5m
Weathered Tuff        


(Characteristic of Soil)


33.4m x 1.5m Tuff


52.8m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of  Soil)


50m x 1.5m
Weathered Tuff        


(Characteristic of Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of Soil)


54.1m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


9.2m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


42.4m x 1.5m
Weathered Tuff        


(Characteristic of Soil)


82m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of  Soil)


30m x 1.5m
Weathered Tuff        


(Characteristic of  Soil)


3m x 3m x 2m
Weathered Tuff        


(Characteristic of Soil)


Project 


Elevation


Foundation 


Base 


Elevation


Foundation Soil


Bearing 


Capacity   


(t/m
2
)


Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) or 


R(m)xD(m)


Boreholes 


Elevation


 


For the adopted raft foundations’ shapes and soil profiles, bearing capacity of the structures 


that located on the boreholes are presented in Table-4.5. If the structural loads are higher 


than bearing capacity results then foundations’ shapes must be increased or geotechnical 


solution must be generated with deep foundation system. 


In the case of the structural loads are higher than the bearing capacity results and shallow 


foundation is inadequate, preliminary definition of the piles’ (�65, �80, �100) ultimate 


resistances for each boreholes has been evaluated as in Appendix4.3. Soil profiles that 


presented in Appendix4.2 have been used and summary table of results as in the Table 4.6a.  


Preliminary definition of the pile group ultimate capacity for foundations of tanks have been 


evaluated as in Appendix-4.3. Group ultimate capacity has been calculated by effeciency 


method without taking into consideration block failure analysis. According to American 


Association of State Highway and Transportation Officials ASSHTO (2002) if pile cap is in 


close connection with soil, pile capacity doesn’t have to reduce. As a consequence at 


analyses pile group ultimate capacity have not been reduced. Summary table of results is 


presented in Table-4.6.b.  
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Table 4.6.a Preliminary Definetion of The Pile Ultimate Resistances 


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 82 188 295 401 51 101 232 363 493 75 127 290 453 617


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


32 55 79 - - - 42 71 99 - - - 56 92 128 - - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


106 212 319 425 531 - 131 261 392 523 653 - 163 326 490 653 816 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


47 110 233 356 479 - 60 196 287 438 589 - 80 245 359 548 736 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


115 260 406 544 - - 141 320 499 670 - - 176 400 624 838 - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


71 171 - - - - 87 211 - - - - 109 263 - - - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


70 139 209 - - - 86 172 257 - - - 107 214 321 - - -


5m 10,5m 16,5m 20m 25m 30m 5m 10,5m 16,5m 20m 25m 30m 5m 10,5m
16,5


m
20m 25m 30m


19 71 143 209 - - 23 88 176 257 - - 29 110 220 321 - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


49 155 205 311 418 524 60 191 253 383 514 645 75 238 316 479 642 806


4m 10m 15m 20m 25m 30m 4m 10m 15m 20m 25m 30m 4m 10m 15m 20m 25m 30m


110 133 156 204 253 288 138 166 195 251 316 359 176 212 247 313 402 456


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 62 89 115 141 - 47 80 112 114 176 - 64 104 145 185 225 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 78 171 - - - 47 96 210 - - - 63 120 263 - - -


5m 7,5m 15m 20m 25m 30m 5m 7,5m 15m 20m 25m 30m 5m 7,5m 15m 20m 25m 30m


40 68 116 151 186 - 54 89 148 192 235 - 77 121 194 249 303 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


43 72 101 130 - - 57 93 128 164 - - 78 122 167 212 - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


85 191 297 356 392 492 104 234 366 441 483 605 130 294 457 557 603 757


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 62 89 115 - - 47 80 112 114 - - 64 104 145 185 - -


5m 9m 15m 20m 25m 30m 5m 9m 15m 20m 25m 30m 5m 9m 15m 20m 25m 30m


44 77 471 692 913 - 65 109 579 851 1124 - 99 159 724 1064 1405 -


6.5m 10m 15m 20m 25m 30m 6.5m 10m 15m 20m 25m 30m 6.5m 10m 15m 20m 25m 30m


32 49 173 306 398 - 43 63 213 377 490 - 57 84 267 471 613 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


35 70 124 252 379 - 50 98 188 310 467 - 75 142 235 388 584 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


35 61 87 124 203 283 47 78 109 152 250 348 63 102 141 190 313 435


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


96 151 203 - - - 118 198 266 - - - 148 267 360 - - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 73 124 - - - 47 92 200 - - - 64 120 281 - - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


36 61 87 112 138 - 47 78 109 141 172 - 63 102 141 181 220 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


44 75 - - - - 58 96 - - - - 79 126 - - - -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


106 212 - - - - 131 261 - - - - 163 327 - - - -


6m 9m 15m 20m 25m 30m 6m 9m 15m 20m 25m 30m 6m 9m 15m 20m 25m 30m


32 48 90 122 135 - 44 65 115 154 171 - 61 88 151 200 220 -


5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m 5m 10m 15m 20m 25m 30m


93 147 184 - - - 119 192 237 - - - 157 256 313 - - -


Foundation 


Base 


Elevation


Ultimate Resistance of Individual Pile (t)


48.20


32.70


97.70


30.20


D=65cm


Boreholes Structure
Boreholes 


Elevation


Project 


Elevation
D=80cm D=100cm


39.70


13.20


38.20PZ-2 630-TK-001A Tank 54.38


PZ-1 640-TK-002A Tank 16.74 14.70


PZ-3 630-TK-009B Tank 17.81


22.70


13.20


PZ-5 640-TK-008A Tank 54.92


24.70


14.70


PZ-4
U-100  


CDU/VDU/NSPI
28.10


49.70


PZ-6 Coke Loading Area 56.35 34.70


640-TK-007A Tank 69.19 49.70


99.70


48.20


PZ-8 630-TK-013C Tank 67.74 79.70 78.20


PZ-7


PZ-9


D,  U850 / 


Maintanence 


Workshops-


97.33


34.70


DH-1 620-TK-001B Tank 30.86 31.70


33.20DH-2 640-TK-006A Tank 33.78 34.70


32.70


DH-4


C,  U840           


Laboratory-Fire 


Brigade


99.62 99.70 97.70


DH-3 U-190/116/415 34.48


48.20CH U-530 76.96 49.70


BH-1 U-160/161/162/165 26.96 24.70 22.70


30.20


32.7034.70


31.70


49.70


BH-2 620-TK-001D Tank 40.44


BH-3 U-110 SGP 29.87


48.20


BH-5 640-TK-009A Tank 50.48 49.70 48.20


BH-4 630-TK-006A Tank 43.61


U-150 HC/HC PSA 35.90 34.70


34.70


32.70


BH-7 640-TK-003 Tank 47.85 34.70 33.20


BH-6


32.70


BH-9 630-TK-015A Tank 51.45 49.70 48.20


BH-8 U-150 HC/HC PSA 48.73


U-643 Coke Storage 59.28 34.70


79.70


32.70


BH-11 630-TK-014A Tank 78.79 49.70 48.20


BH-10


78.20


BH-13 630-TK-010B Tank 91.86 79.70 78.20


BH-12 630-TK-013A Tank 72.36
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Settlement Analysis 


Another important geotechnical criteria for the substructure projects is the settlement 


anaysis.Settlement analysis have been calculated in accordance with borehole and project 


elevations, idealized soil profile, structural loads, foundation type and shapes, increase of 


stress  (See Appendix-4.4).  


Nevertheless, structures’ stresses (including foundation weigth) that is transferred to the soil 


have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities due to 


the loads of structures uncertainty. Stress of structure (including foundation weigth) that is 


transferred to the soil have been adopted as 108 kPa for spherical tank that placed on PZ1 


area. 


Base map of investigation site is also available. When project and boreholes elevations has 


been considered, there are some regions that have been supposed to excavate (max 27.5m) 


and fill (13.5m). Depending on the all of these assumptions and the data obtained, 


geotechnical analysis have been done for the only facilities’ foundations that located on the 


borehole.  


Furthermore, some structures’ foundation area have also excavation and filling works 


together due to the project and base map elevations. In this case the weigth of the 


compacted engineering fill that adopted has no bearing capacity and settlement problem has 


been added to the structural loads. And for the worst situation, the relief effect of the 


excavated part of the area has been neglected (See DH1, BH3, BH4, BH5, BH12, PZ8). 


Structure’s net stress (including foundation weigth and relief effect that caused by 


excavation)  that is transferred to the soil must be defined. This net pressure has been 


determined in accordance with the structural datas (boreholes and project elevations, 


foundation shapes, loads) that were ensured from project owner (Socar&Turcas A.S.). 


The pressure increases influnces along the effective depth (z) from the base elevation of the 


foundation (0,1�0'�	�'). When elastic settlement analysis have been done for the granuler 


soils and weak rock strata along the efective depth, consolidation settlement anaysis have 


been calculated for the cohesive layers as presented in Appendix-4.4. These settlement 


results have been summaried as in Table-4.7.   


Table 4.7 Settlement Results of the Structures That Will Constructed On the Boreholes 


PZ-1 640-TK-002A Tank 16.74 14.70 13.20 108.0 19.00 1.15 < 2.50


PZ-2 630-TK-001A Tank 54.38 39.70 38.20 200.0 0.00 0.00 < 2.50


PZ-3 630-TK-009B Tank 17.81 14.70 13.20 200.0 25.00 0.26 < 2.50


100.0 0.00 0.00 < 2.50


200.0 7.50 0.26 < 2.50


PZ-5 640-TK-008A Tank 54.92 49.70 48.20 200.0 23.00 0.37 < 2.50


Adopted 


Limit 


Settlement 


Value (cm)


z          


(m)


Foundation 


Base 


Elevation


qyapı,net 


(t/m
2
)


��H    


(cm)


4.15


Project 


Elevation


30.5m x 1.5m -11.50


27.5m x 1.5m 10.34


0.00


41.4m x 1.5m 7.90


22.70
10.38


24.70


26m x 26m x1.5m


qyapı 


(t/m
2
)


Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) or 


R(m)xD(m)


Boreholes 


Elevation


PZ-4 U-100  CDU/VDU/NSPI 3m x 3m x 2m 28.10
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Table 4.7 Cont. 


 


100.0 0.00 0.00 < 2.50


200.0 0.00 0.00 < 2.50


PZ-7 640-TK-007A Tank 69.19 49.70 48.20 200.0 0.00 0.00 < 2.50


PZ-8 630-TK-013C Tank 67.74 79.70 78.20 200.0 41.00 6.27 > 2.50


100.0 8.00 0.22 < 2.50


200.0 10.00 0.40 < 2.50


DH-1 620-TK-001B Tank 30.86 31.70 30.20 200.0 70.00 6.90 > 2.50


DH-2 640-TK-006A Tank 33.78 34.70 33.20 200.0 43.00 3.76 > 2.50


100.0 6.00 0.48 < 2.50


200.0 9.00 1.35 < 2.50


100.0 5.00 0.16 < 2.50


200.0 6.70 0.35 < 2.50


CH U-530 76.96 49.70 48.20 200.0 0.00 0.00 < 2.50


100.0 1.50 0.002 < 2.50


200.0 7.00 0.12 < 2.50


BH-2 620-TK-001D Tank 40.44 31.70 30.20 200.0 0.00 0.00 < 2.50


100.0 11.00 0.54 < 2.50


200.0 12.00 0.80 < 2.50


BH-4 630-TK-006A Tank 43.61 49.70 48.20 200.0 23.00 2.32 < 2.50


BH-5 640-TK-009A Tank 50.48 49.70 48.20 200.0 50.00 5.60 > 2.50


100.0 4.00 0.09 < 2.50


200.0 7.00 0.35 < 2.50


BH-7 640-TK-003 Tank 47.85 34.70 33.20 200.0 0.00 0.00 < 2.50


100.0 0.00 0.00 < 2.50


200.0 0.00 0.00 < 2.50


BH-9 630-TK-015A Tank 51.45 49.70 48.20 200.0 40.00 4.00 > 2.50


100.0 0.00 0.00 < 2.50


200.0 0.00 0.00 < 2.50


BH-11 630-TK-014A Tank 78.79 49.70 48.20 200.0 0.00 0.00 < 2.50


BH-12 630-TK-013A Tank 72.36 79.70 78.20 200.0 23.00 4.94 > 2.50


BH-13 630-TK-010B Tank 91.86 79.70 78.20 200.0 0.00 0.00 < 2.50


Coke Loading Area 3m x 3m x 2m 56.35


BH-10 U-643 Coke Storage


BH-8 U-150 HC/HC PSA 3m x 3m x 2m 48.73


BH-6 U-150 HC/HC PSA 3m x 3m x 2m 35.90


BH-3 U-110 SGP 3m x 3m x 2m 29.87


BH-1 U-160/161/162/165 3m x 3m x 2m 26.96


C,  U840                 


Laboratory-Fire Brigade
DH-4 3m x 3m x 2m 99.62


DH-3 U-190/116/415 34.483m x 3m x 2m


PZ-9
D,  U850 / Maintanence 


Workshops-Warehouse
3m x 3m x 2m 97.33


52.8m x 1.5m 33.68


49.5m x 1.5m -8.35


-39.60


33.4m x 1.5m -44.00


53mx106.6mx2m 59.28 34.70 32.70
-29.60


-17.95


50m x 1.5m 12.90


34.70 32.70
-7.95


3.90


54.1m x 1.5m -6.37


34.70 32.70
13.90


9.2m x 1.5m 31.78


42.4m x 1.5m 24.20


82m x 1.5m 0.00


22.73
34.70 32.70


32.73


30m x 1.5m -34.64


10.70
24.70 22.70


0.70


6.20


16.70


34.70 32.70
16.20


99.70 97.70
6.70


82m x 1.5m 26.08


43.2m x 1.5m 19.02


52.8m x 1.5m 39.95


11.70
99.70 97.70


21.70


-35.00


52.8m x 1.5m -17.98


34.70 32.70
-25.00


��H    


(cm)


z          


(m)


Foundation 


Base 


Elevation


qyapı,net 


(t/m
2
)


qyapı 


(t/m
2
)


Project 


Elevation
Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) or 


R(m)xD(m)


Boreholes 


Elevation


PZ-6


Adopted 


Limit 


Settlement 


Value (cm)


 


Limit total settlement criteria is 10cm for the raft foundation in the literature. But this criteria 


has been assumed as 2.5 cm due to the these specific structures. Settlement results are 


presented as in Appendix 4.4 and Table-4.7 for the adopted structural loads, foundation 


shapes, project elevations and the idealized soil profile. In the geotechnical foundation 


design for the tank that placed on DH1, DH2 BH4, BH5, BH9, BH12, PZ8 boreholes and 


structure that placed on BH3 borehole settlement analysis has to be evaluated again when 


loading conditions and foundation shapes won the clarity. If the settlement result is over 


settlement criteria, it is suggested that possible total settlement, differantial settlement and 


angular deformation problems have to be prevented with the designing of the deep 


foundation systems. 


When base map and project elevations have been considered together, some facilities have 


excavation and filling works together in the foundation area. And site investigation did not 


done (See Appendix-4.1). Furthermore, structural loads and some facilities’ foundation 


shapes are not certain. So when these values will be certain the settlement analysis should 


be evaluated again.  
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Modulus of Subgrade Reaction 


Approach of the subgrade reaction (winkler) contant is a mathematical model for soils. In this 


model soil are reffered with springs. Springs bring into connection with the foundation 


pressure and soil deformation.  


Subgrade reaction is not a constant that depends only the soil. This parameter’s value 


changes with the soil and foundation rigidity, shape of the foundation, soil stratification, 


friction between the soil and foundation.  


 


 


Ef , If are foundation’s young modulus and moment of inertia. p is the soil stress and the y is 


the deformation of the foundation (p and y can be evaluated by the plate loading test in the 


field). In this formulas subgrade reaction (winkler) depends on the young modulus and the 


geometry of the foundation, soil stress and foundation deformation. Some of these 


parameters are uncertain in this stage of the project so emprical formula has been used in 


the determining of the vertical subgrade reaction (winkler) constant as following. 


 


qa= Allowable Bearing Capacity 


FS=Factor of Safety 


Horizantal subgrade (winkler) reaction constant  can also be considered as following 


empirical formula that generated by Francis, 1964. 


 


Table 4.8 Modulus of Subgrade Reaction Values of the Structures That Will Constructed On the 


Boreholes 


 


PZ-1 640-TK-002A Tank 16,74 14,70 11,70 2424


PZ-2 630-TK-001A Tank 54,38 39,70 36,70 2088


PZ-3 630-TK-009B Tank 17,81 14,70 11,70 5600


PZ-4 U-100  CDU/VDU/NSPI 28,10 24,70 21,70 2700


PZ-5 640-TK-008A Tank 54,92 49,70 46,70 2400


PZ-6 Coke Loading Area 56,35 34,70 31,70 2724


PZ-7 640-TK-007A Tank 69,19 49,70 46,70 9840


PZ-8 630-TK-013C Tank 67,74 79,70 76,70 3060


PZ-9
D,  U850 / Maintanence 


Workshops-Warehouse
97,33 99,70 96,70 2640


DH-1 620-TK-001B Tank 30,86 31,70 28,70 2100


DH-2 640-TK-006A Tank 33,78 34,70 31,70 2400 4800


19680


6120


5280


4200


11200


5400


4800


5448


Horizontal Subgrade 


Reaction (Winkler) 


Constant Values (t/m
3
)


4848


4176


Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) 


or R(m)xD(m)


Boreholes 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


Foundation Soil


20.0m x 3m


82m x 3m
Weathered Tuff        


(Characteristic of soil)


43.2m x 3m
Weathered Tuff        


(Characteristic of soil)


52.8m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m


Weathered Andesitic 


Tuff  (Characteristic of 


Soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


52.8m x 3m Tuff


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


41.4m x 3m
Weathered Tuff        


(Characteristic of soil)


30.5m x 3m
Weathered Andesite      


(Characteristic of soil)


27.5m x 3m Tuff


Vertical Subgrade 


Reaction (Winkler) 


Constant Values 


(t/m
3
)


Weathered Tuff        


(Characteristic of soil)


 


' 4
'
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2
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Table 4.8 Cont. 


DH-3 U-190/116/415 34,48 34,70 31,70 2724


DH-4
C,  U840                 


Laboratory-Fire Brigade
99,62 99,70 96,70 2700


CH U-530 76,96 49,70 46,70 3360


BH-1 U-160/161/162/165 26,96 24,70 21,70 2568


BH-2 620-TK-001D Tank 40,44 31,70 28,70 2880


BH-3 U-110 SGP 29,87 34,70 31,70 2520


BH-4 630-TK-006A Tank 43,61 49,70 46,70 2400


BH-5 640-TK-009A Tank 50,48 49,70 46,70 2880


BH-6 U-150 HC/HC PSA 35,90 34,70 31,70 2724


BH-7 640-TK-003 Tank 47,85 34,70 31,70 3000


BH-8 U-150 HC/HC PSA 48,73 34,70 31,70 2940


BH-9 630-TK-015A Tank 51,45 49,70 46,70 2412


BH-10 U-643 Coke Storage 59,28 34,70 31,70 3012


BH-11 630-TK-014A Tank 78,79 49,70 46,70 6000


BH-12 630-TK-013A Tank 72,36 79,70 76,70 3360


BH-13 630-TK-010B Tank 91,86 79,70 76,70 4512 9024


4824


6024


12000


6720


5760


5448


6000


5880


5136


5760


5040


4800


5448


5400


6720


Horizontal Subgrade 


Reaction (Winkler) 


Constant Values (t/m
3
)


Boreholes Structure


Foundation Shape 


B(m)xL(m)xD(m) 


or R(m)xD(m)


Boreholes 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


Foundation Soil


52.8m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


50m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


49.5m x 3m
Weathered Tuff        


(Characteristic of soil)


53mx106.6mx3m
Weathered Tuff        


(Characteristic of soil)


33.4m x 3m Tuff


54.1m x 3m
Weathered Tuff        


(Characteristic of soil)


9.2m x 3m
Weathered Tuff        


(Characteristic of soil)


42.4m x 3m
Weathered Tuff        


(Characteristic of soil)


82m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


30m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


3m x 3m x 3m
Weathered Tuff        


(Characteristic of soil)


Vertical Subgrade 


Reaction (Winkler) 


Constant Values 


(t/m
3
)


 


4.2.5 Evaluation of The Foundation Soils 


Soils of the investigation area consist of tüff, andesite, limestone and claystone layers. 


According to the site and laboratory surveys, project and foundations base elevations and 


idealized soil profiles, the foundation soils are as following. 


• Completely-highly weathered tuff (PZ1, PZ4, PZ5, PZ6, PZ8, PZ9, BH1, BH2, BH3, 


BH4, BH5, BH6, BH7, BH8, BH9, BH10, BH12, BH13, CH1, DH1, DH2, DH3, DH4) 


and 


• Completely-highly weathered andesite (PZ2) 


that adopted to have the characteristic of the soils. So, while the geotechnical analysis 


have been evaluating these layers adopted as clayey, gravely sand or sandy, gravely 


clay according to the laboratory tests. 


• Furthermore, moderate-sligthly weathered tuff strata have been observed in the field 


(PZ3, PZ7, BH11). And these rocks have been defined as weak strength in accordance 


with the RMR rock classification and field observastions. So, the geomechanic 


parameters (Bieniawski) of the weak rocks have been used in the analyses (See. 


Appendix-4.2). 
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4.2.6 Preliminary Slope Stability Analysis and Evaluations  


When project and boreholes elevations has been considered, there are some regions that 


have been supposed to excavate (max 27.5m) and fill (max 13.5m). Therefore preliminary 


definitions of the typical permenant slope angels and retaining wall types have been 


determined as following (See. Appendix-4.5).  


Preliminary slope stability analysis have been calculated for 12 sections that presented in 


Appendix-4.5 in accordance with the project elevations, structural stress that transfered to 


the foundation soil (100kPa) and surcharge load of roads as 12 kPa. Otherwise adopted 


geotechnical soil parameters that has been used in stability analysis are presented in Table-


4.9a. 


Table-4.9a Geotechnical Soil Parameters That Has Been Used �n Stability Analysis 


4


0


E-E BH3


Compacted Granular Enginering Fill 


(Depending on the assumption)
21 22 0 0 60000 0,3


0


Tuff (W3, Weak Rock) 21 22 0,002 0,002 500000 0,3 100 25


240000 0,3 30 28


30 28 0


Tuff (W4, Characteristic of sandy, 


hard clay)
20 21 0,001 0,001


20 34


0


BH5C-C


D-D DH2
Tuff (W4-W5, Characteristic of sandy, 


hard clay)
21 22 0,001 0,001


4


Tuff (W3, Weak Rock) 21 22 0,002 0,002 500000 0,3 100 20


50000 0,25 20 34


0


BH1B-B


Tuff (W4-W5, Characteristic of dense, 


clayey sand)
20 21 0,4 0,4


100 15


240000 0,2


0


Tuff (W3-W4, Weak Rock) 21 22 0,002 0,002 500000 0,3


0


Tuff (W2-W3, Weak Rock) 21 22 0,002 0,002 500000 0,3 150 25


0


Tuff (W3, Weak Rock) 21 22 0,002 0,002 500000 0,3 100 20


50000 0,2 30 28


0A-A PZ2


GEOTECHNICAL PARAMETERS


�       


(°)


�        


(°)


Andezite (W4-W5, Characteristic of 


sandy, hard clay)
21 22 0,066


�
c         


(kN/m
2
)


0,066 240000 0,2 30


kx       


(m/day)


�unsat         


(kN/m
3
)


ky        


(m/day)


E         


(kN/m
2
)


SECTIONS


28


Tuff (W4-W5, Characteristic of hard 


clay)
19 20 0,001 0,001


BOREHOLE MATERIAL �sat          


(kN/m
3
)


F-F PZ4


Tuff (W4, Characteristic of sandy, 


hard clay)
20


Tuff (W3, Weak Rock) 21


21 0,001 0,001 250000 0,3 30 28 0


22 0,002 0,002 500000 0,3 100 25 0


G-G BH4


Compacted Granular Enginering Fill 


(Depending on the assumption)
21


Tuff (W4, Characteristic of sandy, 


hard clay)
20


Tuff (W3-W4 Weak Rock) 21


22 0 0 60000 0,3 20 34 4


21 0,001 0,001 240000 0,3 30 28 0


20 022 0,002 0,002 500000


20 0,001


0,3 100


28 0H-H BH9 0,001 50000 0,2 30
Tuff (W4-W5, Characteristic of hard 


clay)
19


I-I BH11


Tuff (W4-W5, Characteristic of dense, 


gravely, clayey sand)
20


Tuff (W2-W3, Weak Rock) 21


21 0,5 0,5 100000 0,2 20 34 4


22 0,002 0,002 500000 0,3 150 25 0


Tuff (W4-W5, Characteristic of hard 


clay)
19 20 0,001 0,001 50000 0,2 30 28 0


J-J DH3


Tuff (W3, Weak Rock) 21 22 0,002 0,002 500000 0,3 125 20 0


K-K BH3


Compacted Granular Enginering Fill 


(Depending on the assumption)
21


Tuff (W4, Characteristic of sandy, 


hard clay)
20


Tuff (W3, Weak Rock) 21


22 0 0 60000 0,3 20 34 4


21 0,001 0,001 240000 0,3 30 28 0


22 0,002 0,002 500000 0,3 100 25 0


L-L BH13


Limestone (W2-W3, Weak Rock) 22


Tuff (W2-W3, Weak Rock)          


(Depending on the assumption)
21


Tuff (W4-W5, Characteristic of hard 


clay)
19


23 0,002 0,002 500000 0,3 150 25 0


22 0,002 0,002 500000 0,3 150 25 0


20 0,001 0,001 50000 0,2 30 28 0
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The strength parameters that had been generated by Bieniawski for the weak rock 


formations as tuff and limestone, has been used in the analaysis. The weak rocks’ modulus 


of elasticity have been considered as the minimum values in the literature (Bieniawski, 


Serafim&Pereira). 


Completey or very weathered tuff and andesite layers have been considered to have the soil 


character as sandy hard clay or dense clayey sand. Effective values that indicated in the 


literature (Bowles) have been used for the strength parameters. For the cohesive stratas’ 


modulus of elasticity values have been defined with the undrained strength parameters 


(Bowles).  For the granuler stratas’ modulus of elasticity have been assummed as 


considering of the materials’ relative density and minimum literature values (Bowles). 


According to the project elevation the material that will be used for the areas that require the 


filling, has been adopted as the compacted granular enginnering fill. The geotechnical 


parameters that reffered with the filling material are A-1-A or A-1-B soil type (AASHTO). 


Adopted geotechnical parameters that indicated in the literature have been presented in 


Appendix-4.5. 


In the literature for the practically slope stability analysis, horizontal seismic acceleration 


coefficient is taken as the half of the peak ground accelaration that is indicated in the 


regulations (0,4g). So earthquake loads (kh=0.2g) have been used and slope angles that 


provide the safety factor is F=1.1 are as in the Table 4.9b.  


Table-4.9b Preliminary Slope Stability Analysis Results 


Sections


Heigth of 


Slope       


(m)


Earthquake 


Load        


(g)


Slope Angle    


( ˚; H/V)


Safety 


Factor 


(FS)


A-A 8 0,20 58; 1H/1.6V 1,21


B-B 10 0,20 59; 1H/1.67V 1,81


C-C 15 0,20 47; 1H/1.07V 1,06


D-D 3 0,20 70; 1H/3V 1,79


E-E 9,7 0,20 60; 1H/1.73V 1,15


F-F 10 0,20 50; 1H/1.20V 1,16


G-G 15 0,20 45; 1H/1V 1,07


H-H 15 0,20 47; 1H/1.07V 1,18


I-I 15 0,20 56; 1H/1.5V 2,25


J-J 10 0,20 55; 1H/1.43V 1,2


K-K 9,7 0,20 60; 1H/1.73V 1,15


L-L 30 0,20 45; 1H/1.00V 1,16


Description


-


-


15 meters heigth of slope is evaluated in two 


stages (7.5m). Space between stages is 3 


meters. Also when slope angle is greater than 


or equal to 51˚, factor of safety is less than or 


equal to 1 (slope angle � 51˚  FS�1)


Slope angle is relatively higher than the other 


sections because of the 3 meters excavation 


depth.


-


10 meters heigth of slope is evaluated in two 


stages (5m). Space between stages is 3 meters. 


Also when slope angle is greater than or equal 


to 55˚, factor of safety is less than or equal to 1 


(slope angle � 55˚  FS�1)


15 meters heigth of slope is evaluated in two 


stages (7.5m). Space between stages is 3 


meters. Also when slope angle is greater than 


or equal to 47˚, factor of safety is less than or 


equal to 1 (slope angle � 47˚  FS�1)
15 meters heigth of slope is evaluated in two 


stages (7.5m). Space between stages is 4 


meters. Also when slope angle is greater than 


or equal to 51˚, factor of safety is less than or 


equal to 1 (slope angle � 51˚  FS�1)


-


-


-


30 meters heigth of slope is evaluated in three 


stages (10m). Space between stages is 5 meters. 


Beyond the 18m depth from the project 


elevation is uncertain according to the 


borehole. So, after 18m depth from project 


elevation it is adopted that Tuff  (W2-W3).
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If the structural loads, loading conditions, project elevations and slope heigth are changed, 


the slope stability analysis must be determined again. Futhermore, the areas that placed on 


PZ8 and BH12 boreholes need to fill 13.5m and 9m with respectively. For that reason after 


engineering parameters of this layer is determined, slope stability analysis of these sections 


have to be evaluated. 


According to the results of the dynamic analysis that had been prepared by Bo�aziçi 


Unıversıty Kandilli Observatory And Earthquake Research Instıtute Earthquake Engineering 


Department for the ingestigation area, the pick ground acceleration is 0,5g. When the 


structures’ importance factors are considered as I=1.5, it is recommened by Bo�aziçi 


Unıversıty Kandilli Observatory And Earthquake Research Instıtute Earthquake Engineering 


Department that the pick ground acceleration value 0,75g should be used for the slope 


stability (See Appendix-4.5). When soil/weak rock parameters of the sections that has been 


presented in Table-4.9a, minimum slope angles and kh=0,75g earthquake load have been 


used in analysis, permenant slope do not provide the stability (Plaxis 2d_V8.1 finite element 


program can’t finish the calculation due to the collapsing soil at a level of kh=0,3g-0,5g). 


When earthquake load kh=0,75g is considered, it is recommended that the stepped retaing 


wall, or stepped soil nailing-anchorage systems should be designed for slope stability. 


Stability analysis and calculations have to be determined by the specialized agencies or 


institutions. 


When general layout drawing and project elevations are considered together there are 3 


region that retaining walls will be constructed (See Appendix-4.5). 


Relatively for 1, 2, 3 regions; 20m, 7m and 15m heigth retaining walls have been planned to 


constructure. Hereunder it is suggested in literature that if the retaining wall heigth is 4.0m-


4.5m concrete-masonry gravity retaining wall can be executed. If the retaining wall heigth is 


7.0m-8.0m the geotechnical design can be done with reinforced concrete retaining wall. 


Hence in the designing of the retaining walls which heigth are higher than 8m it is 


recommended the stepped systems. All retaining walls’ stability analysis and reinforcement 


calculations have to be determined by the specialized agencies or institutions. 


4.2.7 Evaluations of the Excavation, Excavated Material and Drainage  


When project and boreholes elevations has been considered, there are some regions that 


have been supposed to excavate (max 27.5m) and fill (max 13.5m). Therefore the methods 


of the excavation has to be determined for the earthworks. In general, factors that must be 


considered in planning, designing and constructing a rock excavation are as follows: (1) 


presence of strike, dip of faults, folds, fractures, and other discontinuities; (2) in situ stresses; 


(3) groundwater conditions; (4) nature of material filling joints (5) depth and slope of cut; (6) 


stresses and direction of potential sliding;surfaces; (7) dynamic loading, if any; (8) rippability 


and/or the need for blasting; and (9) effect of excavation and/or blasting on adjacent 


structures. It is not suggested blasting method for the ease of excavation due to the active  
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faultline, the adjacent petro-chemical facilities on the investigation area and the corelation 


between point load(Is=2-26t/ft
2
)-fracture spacing (max0.01ft) that generated by Franklin (See 


Figure-4.3). It is recommended that the excavation method will be execute by the excavators 


and bulldozers. 


 


 


 


 


 


 


 


 


 


 


Figure-4.3 Suggested Guide for ease of excavation (Fraklin, Logging the Mechanical Rock Character) 


The parameters to determine the reusability of the excavated material for fill/backfill and the 


related standarts are given in different sources. The specification limits of the rock materials 


that used in marine structures for mortification are presented in Table-4.10 (Specifications of 


Highway (2006), Manual On The Use Of Rock In Coastal And Shoreline Engineering,1991). 
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Table-4.10 Properties of The Mortification Materials


Note2: The drop test of the block is going to be executed in-situ with the dropping  from the 3 m heigth to the 


hard surface.


Note3:  The administiration can use the material with features of max %50 Los Angeles Abrasion Resistence 


in Coarse Agrega, max%25 Freezing Loss (Na2SO4, %), min 2.45g/cm
3
 Dry Density (Saturated surface) in 


riprap, according to the situation of the quarri


Note4: If control engineer wants, above tests will be checked once a year in laboratory. 


Waiting in the field-                   


Observation insitu


Crack formation, fragmentation and weathering won't be occur in the 


metarial that had waited 12 months in the mine or usage area.


Note1: Freezing loss experiment is the accelerated procedure of the natural freezing strength test, for that 


reason If the natural freezing test can't be executed, freezing loss test is going to be done with the using of 


Na2SO4 or Mg2SO4. 


Abrasion loss by friction 3
/50cm


2


TS 699-JANUARY 


....................1987...............................                                                                               


TS 2513-FEBRUARY 1977 


.....................................               TS 


EN 13383-1 and                     TS EN 


13383-2                         APRIL 2004                                          


Drop test In-Situ
Fracture and crack wont be occur 


in main size


Natural Freezing Strength (%)


Freezing Loss Test (Mg2SO4, %)


Freezing Loss Test (Na2SO4, %)


Unconfined Compressive Strength 


(kg/cm
2
)


Los Angeles Abrasion Resistence in 


Coarse Agrega (%)


Dry Density (Saturated surface, 


gr/cm
3
)


Water Absorption Ratio  (%)


Petrografic Appearance ASTM C 295
Well cyrstal bonding without clay 


and fusible mineral


Space of the Discontinuity (m) 1.00+


RQD (%) 80-100


TEST SPECIFICATION LIMITS TEST STANDART


Degree of Weathering I-II


Field and labratory test results of the excavated materials are presented in Table-4.11 with 


considering of the borehole and project elevations, foundation depth (1.5m-2m) and when it 


is compared with Table-4.10, it is determined that excavated material is suitable for reuse as 


a fill material in coastal engineering structures after a specific improvement or stabilization 


processes are done on the excavated material. Chemical stabilization can be recommended 


for improvement method. In this method cement, lime, fly ash (undistilled composition) are 


mixed together or separately with the excavated material in certain ratios. Thus, strength can 


be increased, deformations, shrinkage and swelling can be decreased.


Most suitable improvement method and execution technics should be determined with the 


depending on the specialized institutions and organizations’ material laboratories researchs.
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Table- 4.11 Mortification Properties of The Excavated Metarials  (On The Basis of Boreholes) 


PZ-1 16.74 14.70 11.70 5.04 W3/W4-5 0
Consist of clay and 


fusible mineral
- - - - -


PZ-2 54.38 39.70 36.70 17.68 W3/W4-5 7.3
Consist of clay and 


fusible mineral
1.38 - 1.72-54 - -


PZ-3 17.81 14.70 11.70 6.11 W2-3 0-25.6
Consist of clay and 


fusible mineral
- - 33 - -


PZ-4 28.10 24.70 21.70 6.40 W2-3/W4 0-8
Consist of clay and 


fusible mineral
1.3 - 2-37 - -


PZ-5 54.92 49.70 46.70 8.22 W3-4/W4 0
Consist of clay and 


fusible mineral
- - 2-47 - -


PZ-6 56.35 34.70 31.70 24.65 W4-5 0
Consist of clay and 


fusible mineral
1.5-1.65 - 2.37-3.39 - -


PZ-7 69.19 49.70 46.70 22.49 W4-5/W3 0-45
Consist of clay and 


fusible mineral
1.35 - �2-38 - -


PZ-8 67.74 79.70 76.70 -8.96 W4-5 0
Consist of clay and 


fusible mineral
- - - - -


PZ-9 97.33 99.70 96.70 0.63 W3/W4-5 0
Consist of clay and 


fusible mineral
1.55 - 5 - -


DH-1 30.86 31.70 28.70 2.16 W3/W4-5 0
Consist of clay and 


fusible mineral
1.37 - 1.74 - -


DH-2 33.78 34.70 31.70 2.08 W4-5 0
Consist of clay and 


fusible mineral
- - �2 - -


DH-3 34.48 34.70 31.70 2.78 W5 0
Consist of clay and 


fusible mineral
- - �2 - -


DH-4 99.62 99.70 96.70 2.92 W4-5 0
Consist of clay and 


fusible mineral
- - �4 - -


CH 76.96 49.70 46.70 30.26 W4-5/W3 0
Consist of clay and 


fusible mineral
1.36-1.70 - 2-9.53 - -


BH-1 26.96 24.70 21.70 5.26 W3/W4-5 0
Consist of clay and 


fusible mineral
1.43 - 6 - -


BH-2 40.44 31.70 28.70 11.74 W4-5 0
Consist of clay and 


fusible mineral
1.45 - 
2 - -


BH-3 29.87 34.70 31.70 -1.83 W4 0-12
Consist of clay and 


fusible mineral
- - 
2 - -


BH-4 43.61 49.70 46.70 -3.09 W4-5 0-12
Consist of clay and 


fusible mineral
1.42 - 
1.8 - -


BH-5 50.48 49.70 46.70 3.78 W3/W4-5 0
Consist of clay and 


fusible mineral
1.5 - - - -


BH-6 35.90 34.70 31.70 4.20 W4-5 0
Consist of clay and 


fusible mineral
1.36 - 2.4 - -


BH-7 47.85 34.70 31.70 16.15 W4-5/W2-3 0-25
Consist of clay and 


fusible mineral
- - 
2-190 - -


BH-8 48.73 34.70 31.70 17.03 W4-5 0
Consist of clay and 


fusible mineral
1.47 - 2.36 - -


BH-9 51.45 49.70 46.70 4.75 W4-5 0
Consist of clay and 


fusible mineral
- - 6.9 - -


BH-10 59.28 34.70 31.70 27.58 W4-5 0
Consist of clay and 


fusible mineral
1.21-1.52 - 2.7-4.3 - -


BH-11 78.79 49.70 46.70 32.09 W2-3/W3-4 8-26
Consist of clay and 


fusible mineral
- 1.46 102-211 - 16.8


BH-12 72.36 79.70 76.70 -4.34 W4-5 0
Consist of clay and 


fusible mineral
1.47 - 2.82-5.22 - -


BH-13 91.86 79.70 76.70 15.16 W2-3 0 - - 10.5 �170-260 - 10.9


N-1 - - - - - - - - 2.41 - 24.8 5.1


N-2 - - - - - - - - 3.99 - 28.5 3.6


N-3 - - - - - - - - 3.64 - 24.6 -


N-4 - - - - - - - - 7.63 - 26.7 23.41


N-5 - - - - - - - - 6.26 - 28.9 22.15


N-6 - - - - - - - - 1.21 - 21.2 1.01


N-7 - - - - - - - - 5.29 - 46.2 25.32


N-8 - - - - - - - - 1.86 - 24.7 -


-


-


-


-


-


-


-


-


TUFF


TUFF


TUFF


LIMESTONE


Los Angeles 


Abration 


Resistence in 


Coarse 


Agrega (%)


Freezing 


Loss Test 


(Na2SO4, 


%)


TUFF


TUFF/ANDESITE


Weathering 


Degree


Petrografic 


Appearance


Dry Density  


(gr/cm
3
 )


Unconfined 


Compressive 


Strength 


(kg/cm
2
)


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF/LIMESTON


E/ANDESITIC 


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


ANDESITIC 


TUFF


TUFF


TUFF


TUFF


TUFF


TUFF


Water 


Absorption 


Ratio       


(%)


RQDBoreholes
Borehole 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


Excavated 


Material


Excavated 


Depth (m)
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The limit criteria of the fill material that is used in the construction of all the superstructures 


and raods is presented in the following articles and Table-4.12, Table-4.13 as stated in the 


Specification of Highway (2006), Airfield Technical Specifications Of Fill Material (Republic of 


Turkey, Ministry of Transport, Railways, Ports and Airports Construction General Directorate, 


2007). 


The fill material must not consist of; 


o Topsoil 


o Organic mattters as tree, heath, root etc. (quantity of the organic matter <%2), 


o The materials including internal combustion as coal and coal powder, 


o  Saturated clayey and marly soils, 


o Weck and waste materials, 


o Industrial wastes containing toxic substances 


o Snow, ice and frozen soils; the materials crumbly with water so that it will cause the 


settlements. 


o The material that contains the more than %20 by weigth soluble substance as 


gypsum and rocksalt. 


The materials that highly serpentinized or have clay characteristic when weathered is not 


used in fill. Table-4.12 shows the limits that fill material supposed to have.  


Table-4.12 Properties of The Fill Material 


AASHTO T-91


 AASHTO T-99


TEST STANDART


Plasticity Index (PI) %


Max. Dry Density        


(Standart Proctor) 


� 60


� 35


� 1.45 t/m
3


TEST SPECIFICATION LIMITS


Likit Limit (LL) % AASHTO T-89, T90


 


In the regions having frost action, the fill materials must have the technical properties that 


presented in Table-4.13. 


Table-4.13 Properties of The Non-Frost Sensitive Foundation Materials 


ASTM C-127
Water Absorption In 


Coarse Aggregate
� 3


Likit Limit (LL) % � 25 AASHTO T-89, T90


Plasticity Index (PI) % � 6  AASHTO T-91


TEST SPECIFICATION LIMITS TEST STANDART


-No.200 (0,075mm, 


Passing Ratio %)
� 12  AASHTO T-11
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If the rocks that tends to weathering (as marn, claystone, shale) are mechanically 


decomposed and have the conveniant properties of fill, it is allowed to use in the fill strata 


that have only 5m heigth. 


The limit criteria of the fill material that described above and field-labratory test results of the 


excavated materials that presented in Table-4.14 have been considered and accordingly; 


• Test results of the PZ1’s material that will be excavated close to the limit criteria of 


the standarts, 


• PZ5, PZ6, BH2, BH7, BH8 have the certain strata that provides the some limit criteria 


(except unknown the max dry density that depend on the standart proctor test). But 


when adjacent boreholes of the PZ5, PZ6, BH2, BH7, BH8 considered, these strata 


may be in the form of lens, thin band or placed local due to the uncertain of the lateral 


consistency.  


• W2-W3 tuff layers in PZ3, BH7, BH11 borehole should be mechanically weathered 


and then laboratory test results must be evaluated. When general site laboratory test 


results and adjacent boreholes (BH1, BH3, PZ4; BH6; BH10, PZ7) to the PZ3, BH7 


and BH11 are considered it is predicted that possible test results may not be provide 


the limit criteria. 


• Weathered andesite layer that placed after 5m from ground level in PZ2 borehole, 


provides the some limit criteria (except unknown the max dry density that depend on 


the standart proctor test). But under the project elevation, PZ2 borehole has certain 


layers too which test results don’t provide the limit criteria. 


• Limestone layers in BH13 and CH (3.00m-7.30m) boreholes should be evaluated 


after the laboratory test results of the limestones that mechanically weathered must 


be determined. 


When limit criteria of the standarts, properties of the general site excavation materials that 


will be excavated and above articles are taken together, it is thougth that excavated materials 


are suitable for reuse as a fill/backfill material after a specific improvement or stabilization 


processes are done on the excavated material. Chemical stabilization can be recommended 


for improvement method. In this method cement, lime, fly ash (undistilled composition) are 


mixed together or separately with the excavated material in certain ratios. Thus; 


• Likit limit and plasticity index values of the cohesive soils can be decreased. 


• Proctor max. dry density values can be increased. 


• Shrinkage and swelling can be decreased. 


• Strength can be increased. 


Most suitable improvement method and execution technics should be determined with the 


depending on the specialized institutions and organizations’ material laboratories researchs. 
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Table-4.14  Properties of The Excavation Metarials  (On The Basis of Boreholes) 


3.00-3.45 CH 56 27 - - -


4.50-4.77 SC 58 33 - - -


10.00-10.50 SM 47 11 - - -


13.80-14.20 SM 48 15 1,38 - -


20,00-20,50 CH 79.3 47.3 1.50


20,50-21,00 CH 66.3 34.5 1.51


25,50-25,80 MH 84 37


29,00-29,50 SC 63 33


PZ-3 17.81 14.70 11.70 6.11 W2-3


PZ-4 28.10 24.70 21.70 6.40 W2-3/W4 8.00-9.00 CH 95 61 1,3 Active Clay -


5.00-5.50 MH 69 33 - - 17.0


6.00-6.45 CH 75 41 - - -


7.50-7.65 SC 47 12 - - -


2.30-3.00 SC 71 42 1,52 - 16.0


3.00-3.45 CH 65 35 - - -


4.50-4.95 SC 64 33 - - -


5.00-5.50 CL 34 16 1.50 - -


7.00-7.50 CL 44 19 1.46 - -


8.50-9.00 SC 48 20 - - -


10.00-10.50 SC 62 34 - - -


11.00-12.00 SC 61 32 1.62 - -


16.00-16.50 SM 75 38 1.65 - -


21.50-22.50 MH 74 37 - - -


4.50-4.95 CH 86 49 - - -


6.00-6.45 CH 85 48 - - -


7.50-7.95 CH 96 59 - - -


9.00-9.45 CH 84 47 - - -


10.50-10.95 CH 74 41 - - -


12.00-12.45 MH 79 41 - - -


14.20-14.80 CH 76 43 1.35 - -


23.50-24.00 CH 79 43 1.50 - -


25.00-25.50 CH 82 47 1.49 - -


PZ-8 67.74 79.70 76.70 -8.96 W4-5


PZ-9 97.33 99.70 96.70 0.63 W3/W4-5 3.80-4.20 CH 60 37 1.55 Inactive Clay 18.0


DH-1 30.86 31.70 28.70 2.16 W3/W4-5 10.50-11.00 MH 70 38 1.37 Active Clay -


3.00-3.45 CH 65 39 - - -


4.50-4.95 CH 67 39 - - -


6.00-6.45 SC 68 41 - - -


7.50-7.95 CH 77 44 - - -


8.60-9.00 CH 76 44 - - -


9.00-9.15 CH 71 45 - - -


10.00-10.50 CH 62 40 1.7 Active Clay -


3.00-3.45 CH 78 44 - - -


4.50-4.95 CH 78 44 - - -


6.00-6.45 CH 79 45 - - -


7.50-7.95 CH 80 46 - - -


9.00-9.45 CH 79 46 - - -


10.50-10.68 CH 77 38 - - -


1.50-1.80 CL 44 23 - Inactive Clay -


3.00-3.45 CH 61 39 - - -


7.50-8.50 CH 67 41 - Inactive Clay -


11.00-12.00 CH 61 37 - Inactive Clay -


3.00-7.30


8.20-8.80 CH 63 32 1,36 Inactive Clay -


11.20-11.80 CH 69 39 1,43 Inactive Clay -


16.00-16.50 CH 77 45 - - -


17.20-17.80 CH 62 34 - - -


19.50-20.20 SC 71 45 - - -


27.20-28.00 CH 64 38 - - -


30.00-30.50 CH 67 37 - - -


34.00-34.50 CH 70 40 - - -


38.00-38.50 CH 65 36 - - -


BH-1 26.96 24.70 21.70 5.26 W3/W4-5 2.20-2.80 SC 64 35 - - -


3.50-4.00 CH 51 24 1,53 - -


4.50-4.95 MH 65 31 - - -


7.00-7.50 CL 40 17 1,45 - -


7.50-7.95 CH 54 28 - - -


9.00-9.45 CH 50 30 - - -


11.50-12.00 CH 51 23 - - -


Boreholes
Borehole 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


Excavated 


Depth        


(m)


Excavated Material
Weathering 


Degree


Depth of the 


Sample  (m)
Soil Classification


Likit          


Limit          


(LL, %)


Plasticity 


Index 


(PI,%)


Dry Density 


(gr/cm
3
 )


Activity
Swelling 


Potential   (%)


PZ-1 16.74 14.70 11.70 5.04 TUFF W3/W4-5


PZ-2 54.38 39.70 36.70 17.68 TUFF/ANDESITE W3/W4-5


TUFF


W2-W3 tuff layers in PZ3 borehole should be mechanically weathered and then laboratory test results must be evaluated. 


When general site laboratory test results and adjacent boreholes (BH1, BH3, PZ4) to the PZ3 are considered it is predicted 


that possible


TUFF


PZ-5 54.92 49.70 46.70 8.22 TUFF W3-4/W4


PZ-6 56.35 34.70 31.70 24.65 TUFF W4-5


PZ-7 69.19 49.70 46.70 22.49 TUFF W4-5/W3


TUFF Fillling execution is need in sipite of excavation in the structures' foundation area.


ANDESITIC TUFF


TUFF


DH-2 33.78 34.70 31.70 2.08 TUFF W4-5


DH-3 34.48 34.70 31.70 2.78 TUFF W5


DH-4 99.62 99.70 96.70 2.92 TUFF W4-5


CH 76.96 49.70 46.70 30.26
TUFF/LIMESTONE


/ANDESITIC TUFF
W4-5/W3


W3 Limestone layer should be evaluated after the laboratory test results of the limestones that 


mechanically weathered must be determined.


TUFF


BH-2 40.44 31.70 28.70 11.74 TUFF W4-5
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Table-4.14 Cont. 


BH-3 29.87 34.70 31.70 -1.83 W4 5.00-5.20 SC 72 45 - - -


3.00-3.45 CH 63 33 - - -


3.80-4.20 MH 99 53 - Active Clay 18.0


6.00-6.45 CH 62 33 Normal Activity Clay


7.00-7.50 CH 68 41 1.42 - -


7.50-7.95 CH 64 32 - - -


2.30-2.80 CH 76 46 - Active Clay 14.0


4.50-4.95 SC 65 35 - - -


2.40-2.80 MH 60 24 1.36 - -


3.00-3.45 CH 60 37 - Normal Activity Clay -


11.50-11.80 CH 71 41 1.31 Inactive Clay -


3.00-3.45 MH 50 19 - - -


8.00-8.50 SC 62 39 - - -


9.00-14.00


1.50-1.95 GC 69 36 - - -


3.00-3.45 SC 71 39 - - -


10.50-10.95 SC 79 46 - - -


15.50-15.90 CL 47 22 - - -


16.70-17.20 CH 78 44 - - -


18.30-18.60 SC 73 40 - - -


3.00-3.45 CH 72 43 - Normal Activity Clay -


4.50-4.95 CH 62 33 - - -


1,50-1,95 CH 73 41 - - -


2,00-2,50 CH 73 40 1.218 - -


6,50-7,20 MH 75 37 1.511 - -


9,50-10,00 CH 72 41 - - -


12,00-13,00 MH 74 37 1.425 - -


16,50-17,00 MH 74 37 1.496 - -


20,00-20,50 CH 78 44 1.524 - -


25,00-25,50 MH 76 39 1.452 - -


30,50-31,00 SC 75 42 1.612 - -


0.00-23.00


28.50-29.00 SC 70 42 - - -


BH-13 91.86 79.70 76.70 15.16 W2-3


Boreholes
Borehole 


Elevation


Project 


Elevation


Foundation 


Base 


Elevation


Excavated 


Depth        


(m)


Excavated Material
Weathering 


Degree


Depth of the 


Sample  (m)
Soil Classification


Likit          


Limit          


(LL, %)


Plasticity 


Index 


(PI,%)


Dry Density 


(gr/cm
3
 )


Activity
Swelling 


Potential   (%)


TUFF


BH-4 43.61 49.70 46.70 -3.09 TUFF W4-5


BH-5 50.48 49.70 46.70 3.78 TUFF W3/W4-5


BH-6 35.90 34.70 31.70 4.20 TUFF W4-5


BH-7 47.85 34.70 31.70 16.15 TUFF W4-5/W2-3
W2-W3 tuff layers in BH7 borehole should be mechanically weathered and then laboratory test results 


must be evaluated. When general site laboratory test results and adjacent borehole (BH6) to the BH7 is 


considered it is predicted that possible test result


BH-8 48.73 34.70 31.70 17.03 TUFF W4-5


BH-9 51.45 49.70 46.70 4.75 TUFF W4-5


BH-10 59.28 34.70 31.70 27.58 TUFF W4-5


W2-W3 tuff layers in BH11 borehole should be mechanically weathered and then laboratory test results 


must be evaluated. When general site laboratory test results and adjacent boreholes (BH10, PZ7) to the 


BH11 are considered it is predicted that possible tBH-11 78.79 49.70 46.70


76.70


32.09 TUFF W2-3/W3-4


LIMESTONE
Limestone layers should be evaluated after the laboratory test results of the limestones that mechanically weathered must be 


determined.


-4.34 TUFF W4-5 Fillling execution is need in sipite of excavation in the structures' foundation area.BH-12 72.36 79.70


 
When topografic sections, excavation materials that depends on the project elevations and 


ground water levels that measured in the piezometer boreholes have been considered 


together, drainage trenche execution may be needed in the region of PZ2, PZ3, PZ4, PZ5, 


PZ6, PZ7, PZ9, BH2, BH7, BH8, BH9, BH10, BH11, BH13 boreholes for the water disposal. 


The water that centralized on a certain place with these trenches, can be able to transposed 


to the main evacuation units by pomps. Besides, the field pomp well test will make sense in 


spite of the lefranc type of tests in piezometer boreholes for the evaluation of the water 


flowrate. 
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4.2.8. Determination of Natural Hazards Risk 


Earthquake Hazard 


The western Anatolia was subject to epirogenic movements known as Mediterranean 


tectonics or neotectonics during the late Alpine period. The current morphological topography 


took place in this period. Aegean region is under the action of North-south tension 


deformations. As a result of this east-west elongated grabens were developed as the 


governing structural formations of the region. The grabens are bordered by normal faults at 


the edges. Although the graben fault zones are as long as 100 to 150 km, they mostly 


consist of fault clusters not longer than 8-10 km. There is a continuous recorded seismic 


activity along the faults. 


N-S tensions still continue according to seismic records.  


Investigation area is located in I. degree earthquake zone in Turkey’ s earthquake map. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







Socar&Turcas Refınery A.S. Izmır-Alıaga Socar&Turcas Aegean  Refınery (STAR) Project Soıl Investıgatıon Report 


 


 130EGE TEMEL DRILLING CO. 


5. CONCLUSIONS AND SUGGESTIONS 


The construction of a refinery complex had been planned as a scope of Socar-Turcas 


Aegean Refinery (STAR) Project in, Alia�a District, �zmir City, West part of Petkim site. 


According to the soil investigation test location drawing (BD0506A-0000-41-003) that 


ensured by the project owner (Socar&Turcas A.S), there are variable diameters of tanks for 


the different project elevations and also some other heavy structures (pumps, drums, 


column, steel or/and concrete chimney) that had been determined project elevations, have 


not been known their foundation area (See Appendix-4.1). Exception of general layout 


drawing, any drawing of sections that belongs to the structures could not been ensured.  


Therefore, with the guidance of project owner (Socar&Turcas A.S) for tank structures’ 


foundations depth has been assumed D=1.5m below the project elevations. The diameter of 


tanks are as in the general layout. Foundation shape of the spherical tank (640-TK-002A 


Tank) that placed on PZ1 borehole has been assumed as square and dimensions have been 


assumed B=26m, L=26m. The facilities that had been specified project elevation and not 


been known foundation area, have been assumed as B=3m, L=3m and foundation depth 


D=2m. Nevertheless, structures’ stresses (including foundation weigth) that is transferred to 


the soil have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities 


due to the loads of structures’ uncertainty. Stress of structure (including foundation weigth) 


that is transferred to the soil have been adopted as 108 kPa for spherical tank that placed on 


PZ1 area. In the result of evaluations performed with soil boring, in-situ tests and laboratory 


tests; 


1- When observational evaluations, boring studies and laboratory analysis results examine 


together, layer of fill and in some places topsoil layer is placed on surface, generally tuff layer 


is placed to afterwards fill and topsoil layer all along prospection depth in investigation area. 


Besides andesite unit has been observed in southwest part of the area, claystone unit has 


been observed in south of the area and limestone unit has been observed in some places in 


north part of the area.  


Topsoil and Fill Layers; 


That is seen layer of fill is placed on min. 0,30 and max. 2,00 m depth from surface in 


investigation area. Besides in PZ-1 and PZ-5 boreholes, there is topsoil layer approximately 


0,30 m thick on the surface. Layer of fill has been determined that it is brown colored, sandy, 


limestone-tuff gravelly and clayey, gravel’ s max. dimension is 6 cm. 


Tuff Unit;  


Tuff unit that generally observed in all investigation area is light brownish cream-greenish-


reddish brown and grayish. Moreover unit is whitish in the west and north parts of the area by 
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reason of carbonation. Commonly  tuff unit has been observed as highly weathered in some 


places slightly weathered related to alteration. 


Weathered tuff unit has been observed that it has the characteristics of gravelly, sandy and 


clayey soil. Tuff units have been determined as CH type (rarely CL and CI type) clayey, MH 


type (rarely MI type) silty, SC, SM type sandy and GC type gravelly soil in according to 


results of the classification tests. 


Slightly weathered tuff units contain fine gravels in some places and rarely gas voids. 


Generally these units are fractured-completely fractured, in some places with oblique and 


vertical joints its spacing is less than 1 mm, surface is generally rough, in some places filled 


with clay and such as feature of soap. Besides blackish oxidations have been observed on 


the joint surfaces. 


Tests performed for strength parameters of tuff unit; following assignations have been done 


as below;    


Point load value of tuff unit that observed in investigation area has been determined between 


the range of 2,1-16,6 kg/cm2 and as low-very low strength rock (Bieniawski, 1975). 


Uniaxial compression strength of tuff unit is between the range of qu=24 - 211 kg/cm2 and it is 


in intermediate-high-very high strength rock class (Deere ve Miller, 1966). 


Andesite Unit;  


Andesite unit has been observed in southwest part of the area, at 20,00-21,00 m depths in 


BH-1 borehole, at 27,00-30,00 m depths in BH-8 and BH-9 boreholes, approximately at 6,00-


30,00 m depths in PZ-2 and DH-4 boreholes. It is placed as alternation with tuff unit. It ıs 


pinkish-reddish-brownish and rarely greenish colored and has the characteristics of gravelly, 


silty, clayey, sandy soil on weathered parts. Andesite units have been determined as CH 


type clayey, MH, MI type silty, SC, SM type sandy and GC type gravelly soil in according to 


results of the classification tests. Generally these units are fractured-completely fractured, in 


some places with oblique and vertical joints, its spacing is less than 1 mm, surface is 


generally rough, in some places filled with clay. 


Tests performed for strength parameters of andesite unit; following assignations have been 


done as below;    


Point load value of andesite unit have been determined as 3,6 kg/cm2  and it is in very low 


strength rock class (Bieniawski, 1975). 


Uniaxial compression strength of andesite unit has been determined as qu=54 kg/cm2 and it 


is in very low strength rock class in according to test results (Deere ve Miller, 1966). 
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Claystone Unit;  


Claystone unit that is grayish and greenish colored has been observed in south part of the 


area, at 28,80-30,00 m depths in BH-2 borehole, at 21,00-30,00 m depths in DH-1 borehole, 


at 9,50-30,00 m depths in DH-2 borehole. It has the characteristics of gravelly, sandy, clayey 


soil in weathered parts of rock. Claystone unit has been determined as CH type clayey soil in 


according to results of the classification tests. These units are fractured-completely fractured, 


in some places with oblique and vertical joints, its spacing is less than 1 mm, surface is 


generally rough, in some places filled with clay in low weathered parts of rock. 


Point load value of claystone unit has been determined between the range of 3,35-6,71 


kg/cm2 and it is in very low strength rock class (Bieniawski, 1975). 


Limestone Unit;  


Limestone unit has been observed in north part of the area, at 27,50-30,00 m depths in BH-7 


borehole, at 0,00-16,50 m depths in BH-13 borehole, at 12,00-16,00 m depths in PZ-8 


borehole and at 3,00-11,00 m depths in CH-1 borehole. It is gray colored, slightly weathered, 


blocky, fractured-completely fractured, in some places with oblique and vertical joints, its 


spacing is 1 mm, surface is generally rough, in some places filled with quartz. Besides 


reddish and brownish oxidation and silification have been observed. Point load value of 


limestone unit is between the range of 15,6-26,7 kg/cm2 and it is in low-intermediate strength 


rock class in according to test results (Bieniawski, 1975). 


2- According to the criteria of the regulation of the building that will be constructed in 


earthquake sections (D.B.Y.B.H.Y 2007, See. Table-4.2, 4.3) when the boreholes and project 


elevations, D=1.5-2m the depth of foundations, soil or rock type and their laboratory and site 


observations have been taken together, soil classfications are Z2, soil groups are B, C and 


the spectrum characteristic periods Ta=0.15, Tb=0.40 (See Table-4.4). 


Also ground surface accelaration coefficient (a) is 0,4 for the first degree earthquake zone in 


Turkey’s Earthquake Map (D.B.Y.B.H.Y 2007). 


3- Building importance coefficient/factor is I=1.5 according to the D.B.Y.B.H.Y (2007). 


4- When the construction type and rock/soil classification are considered together, geologic 


catagory is 3. 


5- Vertical subgrade (winkler) reaction values range between 2088t/m3-9840t/m3 , horizontal 


subgrade (winkler) reaction values range between 4176t/m3-19680t/m3 with the depending 


on the foundation soil (See Table-4.8). 


6- The forces between undrained, saturated, loose-medium relative densitied, non plastic silt 


and sand particules are transferred to the existent water when the earthquake occurs. For 
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that reason pore water pressure increase rapidly and soil’s effective overburden pressure 


decrease to zero. As a consequence soil loses it’s bearing capacity and construction 


damages occur. 


When this situation that summaries the liquefaction theory, idealized soil or weak rock layers 


that located in throughout of the field and ground water level are handled as a whole, it is 


predicted that liquefaction risk is not existed in the investigation area. 


7- Bearing capacity is not the constant that depends on only foundation soil type. It is a 


function of structures’ foundation type, geometry, shapes and loading conditions too. 


Therefore, with the guidance of the assumptions and the datas that ensured by the project 


owner (Socar&Turcas A.S), bearing capacity analysis have been done for the only facilities’ 


foundations that located on the boreholes. Foundation design has been evaluated for raft 


foundation (shallow foundation). Also soil or rock strata below of the foundation base 


elevations have been presented as idealized soil profiles in Appendix-4.2. 


The bearing capacity analysis have been evaluated according to the soil strata that are in the 


sliding wedge (H=0.5Btan(45+�/2). While Meyerhof, Hansen and Skempton’s analytical 


methods has been considered for the layers that have characteristic of soil (completely or 


highly weathered strata), Bell’s solution criteria has been used in the weak rocks’ bearing 


capacity. The analysis results range between 17.40t/m2-41.00t/m2 and are are presented in 


Table-4.5 and Appendix-4.2. If the structural loads are higher than bearing capacity results 


then foundations’ shapes must be increased or geotechnical solution must be generated with 


deep foundation system. 


In the case of the structural loads are higher than the bearing capacity results and shallow 


foundation is inadequate, preliminary definition of the piles’ (�65, �80, �100) ultimate 


resistances for each boreholes has been evaluated as in Appendix-4.3. Soil profiles that 


presented in Appendix-4.2 have been used and summary table of results are in Table4.6.a.  


Also preliminary definition of the pile group ultimate capacity for foundations of tanks have 


been evaluated as in Appendix-4.3. Group ultimate capacity has been calculated by 


effeciency method without taking into consideration block failure analysis. According to 


ASSHTO (2002) if pile cap is in close connection with soil, pile capacity doesn’t have to 


reduce. As a consequence at analysis of the pile group ultimate capacity have not been 


reduced. Summary table of results is presented in Table4.6.b.  


8- Another important geotechnical criteria for the substructure projects is the settlement 


anaysis. Settlement analysis have been calculated in accordance with borehole and project 


elevations, idealized soil profile, structural loads, foundation type and shapes, increase of 


stress  (See Appendix-4.4).  
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Nevertheless, structures’ stresses (including foundation weigth) that is transferred to the soil 


have been adopted as 200 kPa for tanks and 100kPa-200kPa for the other facilities due to 


the loads of structures’ uncertainty. Stress of structure (including foundation weigth) that is 


transferred to the soil have been adopted as 108 kPa for spherical tank that placed on PZ1 


area. 


Base map of investigation site is also available. When project and boreholes elevations has 


been considered, there are some regions that have been supposed to excavate (max 27.5m) 


and fill (max 13.5m). Depending on the all of these assumptions and the data obtained, 


settlement analysis have been done for the only facilities’ foundations that located on the 


borehole.  


Furthermore, some structures’ foundation area have also excavation and filling works 


together due to the project and base map elevations. In this case the weigth of the 


compacted engineering fill that adopted has no bearing capacity and settlement problem has 


been added to the structural loads. And for the worst situation, the relief effect of the 


excavated part of the area has been neglected (See DH1, BH3, BH4, BH5, BH12, PZ8). 


Structure’s net stress (including foundation weigth and relief effect that caused by 


excavation)  that is transferred to the soil must be defined. This net pressure has been 


determined in accordance with the structural datas (boreholes and project elevations, 


foundation shapes, loads) that were ensured from project owner (Socar&Turcas A.S.). 


The pressure increases influnces along the effective depth (z) from the base elevation of the 


foundation (0,1�0'�	�'). When elastic settlement analysis have been done for the granuler 


soils and weak rock strata along the efective depth, consolidation settlement anaysis have 


been calculated for the cohesive layers as presented in Appendix-4.4. These settlement 


results have been summaried as in Table-4.7.   


Limit total settlement criteria is 10cm for the raft foundation in the literature. But this criteria 


has been adopted as 2.5 cm due to the these specific structures. Settlement results are 


range between 0cm-3.67cm as presented in Appendix 4.4 and Table-4.7 for the adopted 


structural loads, foundation shapes, project elevations and the idealized soil profile. In the 


geotechnical foundation design for the tank that placed on DH1, DH2 BH4, BH5, BH9, BH12, 


PZ8 boreholes and structure that placed on BH3 borehole settlement analysis has to be 


evaluated again when loading conditions and foundation shapes won the clarity. If the 


settlement result is over settlement criteria, it is suggested that possible total settlement, 


differantial settlement and angular deformation problems have to be prevented with the 


designing of the deep foundation systems. 


When base map and project elevations have been considered together, some facilities have 


excavation and filling works together in the foundation area. And site investigation did not 


done (See Appendix-4.1). Furthermore, structural loads and some facilities’ foundation 
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shapes are not certain. So when these values will be certain the settlement analysis should 


be evaluated again.  


9- In according to analysis of groundwater samples, all the piezometer boreholes (except 


PZ-4 borehole) contain Sulfate as between the range of 0,01 - 3,62 me/l. 3,63 me/l value 


which is the highest value in terms of Sulfate content has been calculated as 173,89 mg/l. 


10- Groundwater samples performed analysis have been confirmed to be weak abrasive 


property for concrete in consequence of sulfate content is less than 600 mg/L according to 


TS 3440 (Construction Rules For Concrete Which Will Be Influenced by Water, Soil and 


Gases With Harmful Chemical Effects) accepted on May 18, 1992. 


11- When project and boreholes elevations has been considered, there are some regions 


that have been supposed to excavate (max 27.5m) and fill (max 13.5m). Therefore 


preliminary definitions of the typical permenant slope angels and retaining wall types have 


been determined.  


Preliminary slope stability analysis have been calculated for 12 sections that presented in 


Appendix-4.5 in accordance with the project elevations, structural stress that transfered to 


the foundation soil (100kPa) and surcharge load of roads as 12 kPa. Otherwise adopted 


geotechnical soil parameters that has been used in stability analysis are presented in Table-


4.9a. In the literature for the practically slope stability analysis, horizontal seismic 


acceleration coefficient is taken as the half of the peak ground accelaration that is indicated 


in the regulations (0,4g). So earthquake loads (kh=0.2g) have been used and slope angles 


that provide the safety factor is F=1.1 are as in the Table 4.9b.  


If the structural loads, loading conditions, project elevations and slope heigth are changed, 


the slope stability analysis must be determined again. Futhermore, the areas that placed on 


PZ8 and BH12 boreholes need to fill 13.5m and 9m with respectively. For that reason after 


engineering parameters of this layer is determined, slope stability analysis of these sections 


have to be evaluated. 


According to the results of the dynamic analysis that had been prepared by Bo�aziçi 


Unıversıty Kandilli Observatory And Earthquake Research Instıtute Earthquake Engineering 


Department for the ingestigation area, the pick ground acceleration is 0,5g. When the 


structures’ importance factors are considered as I=1.5, it is recommened by Bo�aziçi 


Unıversıty Kandilli Observatory And Earthquake Research Instıtute Earthquake Engineering 


Department that the pick ground acceleration value 0,75g should be used for the slope 


stability (See Appendix-4.5). When soil/weak rock parameters of the sections that has been 


presented in Table-4.9a, minimum slope angles and kh=0,75g earthquake load have been 


used in analysis, permenant slope do not provide the stability (Plaxis 2d_V8.1 finite element 


program can’t finish the calculation due to the collapsing soil at a level of kh=0,3g-0,5g). 


When earthquake load kh=0,75g is considered, it is recommended that the stepped retaing 
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wall, or stepped soil nailing-anchorage systems should be designed for slope stability. 


Stability analysis and calculations have to be determined by the specialized agencies or 


institutions.


When general layout drawing and project elevations are considered together there are 3 


region that retaining walls will be constructed (See Appendix-4.5). Relatively for 1, 2, 3 


regions; 20m, 7m and 15m heigth retaining walls have been planned to constructure. 


Hereunder it is suggested in literature that if the retaining wall heigth is 4.0m-4.5m concrete-


masonry gravity retaining wall can be executed. If the retaining wall heigth is 7.0m-8.0m the 


geotechnical design can be done with reinforced concrete retaining wall. Hence in the 


designing of the retaining walls which heigth are higher than 8m it is recommended the 


stepped systems. All retaining walls’ stability analysis and reinforcement calculations have to 


be determined by the specialized agencies or institutions.


12- It is not suggested blasting method for the ease of excavation due to the active faultline, 


the adjacent petro-chemical facilities on the investigation area and the corelation between 


point load(Is=2-26t/ft2)-fracture spacing (max0.01ft) that generated by Franklin (See Figure-


4.3). It is recommended that the excavation method will be execute by the excavators and 


bulldozers.


The parameters to determine the reusability of the excavated material for fill/backfill and the 


related standarts are given in different sources. The specification limits of the rock materials


that used in marine structures for mortification are presented in Table-4.10 (Specifications of 


Highway (2006),


Field and labratory test results of the excavated materials are presented in Table-4.11 with 


considering of the borehole and project elevations, foundation depth (1.5m-2m) and when it 


is compared with Table-4.10, it is determined that excavation material is suitable for reuse as 


a fill material in coastal engineering structures after a specific improvement or stabilization 


processes are done on the excavated material. Chemical stabilization can be recommended 


for improvement method. In this method cement, lime, fly ash (undistilled composition) are 


mixed together or separately with the excavated material in certain ratios. Thus, strength can 


be increased, deformations, shrinkage and swelling can be decreased. Most suitable 


improvement method and execution technics should be determined with the depending on 


the specialized institutions and organizations’ material laboratories researchs.


When limit criteria of the standarts (Table-4.12), properties of the general site excavation 


materials (Table-4.14) that will be excavated and articles that presented in Chapter 4.2.7 are 


taken together, it is thougth that excavated materials are suitable for reuse as a fill/backfill 


material after a specific improvement or stabilization processes are done on the excavated 


material. Chemical stabilization can be recommended for improvement method. In this 
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method cement, lime, fly ash (undistilled composition) are mixed together or separately with 


the excavated material in certain ratios. Thus; likit limit and plasticity index values of the 


cohesive soils can be decreased, proctor max. dry density values can be increased, 


shrinkage and swelling can be decreased, strength can be increased. Most suitable 


improvement method and execution technics should be determined with the depending on 


the specialized institutions and organizations’ material laboratories researchs. 


When topografic sections, excavation materials that depends on the project elevations and 


ground water levels that measured in the piezometer boreholes have been considered 


together, drainage trenche execution may be needed in the region of PZ2, PZ3, PZ4, PZ5, 


PZ6, PZ7, PZ9, BH2, BH7, BH8, BH9, BH10, BH11, BH13 boreholes for the water disposal. 


The water that centralized on a certain place with these trenches, can be able to       


transposed to the main evacuation units by pomps. Besides, the field pomp well test will 


make sense in spite of the lefranc type of tests in piezometer boreholes for the evaluation of 


the  water  flowrate. 


13- Investigation area is located in I. degree earthquake zone in Turkey’ s earthquake 


map.conditions of D.B.Y.B.H.Y (2007) have to be followed in project.  
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Appendix 5-2: Seismic Hazard and Design Earthquake 


Characteristics Report  


 
This report was prepared by Bogaziçi University Kandilli Observatory and Earthquake Research 
Institute Earthquake Engineering Division Company on February, 2009 during the Local EIA studies. 
This report is given in pdf format. 
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Appendix 5-3: Soil and Groundwater Pollution Survey 


This report was prepared by ELC Group LTD. on April, 2009 during the Local EIA studies. 


This report is given in pdf format. 
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1. INTRODUCTION1. INTRODUCTION1. INTRODUCTION1. INTRODUCTION    
 
A study has been performed in April, 2009 in order to determine the soil and underwater 
pollution in the new refinery area of PETKIM PETROKIMYA CORP. Aliaga Plants. 
 
The aims of the study may be summarized as: 
 


• Drilling works in the new refinery area for determination of underground water quality 
and opening underground water observation well; 


• Sampling soil during drilling and quality evaluation in accordance with the Regulation on 
Control of Soil Contamination 


• underground water sampling and analysis from the Observation wells. 
 
2. METHODO2. METHODO2. METHODO2. METHODOLOGYLOGYLOGYLOGY    
 
2.1 Introduction2.1 Introduction2.1 Introduction2.1 Introduction    
 
In this chapter, the methodology for drilling, opening observation well and soil and water 
sampling are explained.  
 
It has been planned that water shall be sampled from two observation wells for determination of 
the quality of underground water in the area of the refinery to be constructed. Locations of the 
old still operational well and the new opened well are summarized below. Locations of the wells 
are given in Figure 1. 
 


• MW2: To south-west of the plant, it has been installed in the year 1998 on the estimated 
underground water flow direction sub-levels for control of the pollution that may arise 
from the Naphtha tanks. 
 


• MW36Y: It has been recently installed in order to trace the underground water quality in 
the new refinery area to be constructed and effects that may arise from the Tupras 
Refinery. There is no unit or chemical storage at the location of the well. 







 


 


 
 


Figure 1.Figure 1.Figure 1.Figure 1. Locations of the underground water observation wells in the refinery area 
    
    
    







 


 


2.2 Drilling Methods2.2 Drilling Methods2.2 Drilling Methods2.2 Drilling Methods    
 
Solid Auger system has been adopted for drilling. When advance was not possible with the Auger 
method, rock drill drilling method has been adopted for well locating. 
 
The samples collected for geological evaluation and laboratory analysis has been collected via the 
standard type longitudinal crack sample collector. For each sampling, sampler cleaned beforehand 
has been used. The soil sample for the laboratory analysis has been collected from plant soil from 
depth of 0,5-1,0 m. 
 
Drilling has been commenced after location of the well has been confirmed by authorities from 
the plant. No grease or oil has been used except for the silicone/zinc oxide (at a ratio of 4:6) 
based paste used for oiling the drilling thread.  
 
2.3 Well Opening Details2.3 Well Opening Details2.3 Well Opening Details2.3 Well Opening Details    
 
The well has been located in the geological unit with initially detected water level, at least 3 
meters below the encountered water level, with filter. 
 
When drilling has reached full depth, for clearing the sand, sediment, drilling mud, etc. materials 
precipitated in the well, the well has been cleaned with dry ventilation method (AFR) or bailer. 
After completion of the hole, the drilling hole equipments have been removed and interlocking 
filtered and closed PVC pipes with diameter of 88 mm have been inserted in the well. 
 
Before the PVC pipes were inserted in the well, they have been checked for any dirt, washed with 
pressurized water in order to prevent blockage of the filters and the pipes with pollution and 
blocking problems have been removed and not been used in any manner. 
 
After the PVC pipe has been located, washed river pebbles of suitable size (3-5 mm) have been 
put around the pipe as filtering material. The pebbles used as filter material have been put up 
until 0-5 to 1,0 m above the filter part.  
 
Onto the pebbles inserted to the wells, washed sand with a maximum thickness of 0,5 mm has 
been added. This was for the bentonit and cement located onto the pebble material not to leak 
into the filter material. Bentonit has been served onto the sand for blockage. Remaining portion 
of the drilling well has been filled with cement: bentonit powder mixture at a rate of 8:2. 
 
During opening of the well, all the depths on the well have been controlled. The new opened 
well characteristics are as follows: 
    
    
    
    
    
    
    
    
    
    
    
    
    
    


Chart 1: Details of the new opened underground water observation well 


WELL NOWELL NOWELL NOWELL NO    Diameter (mm)Diameter (mm)Diameter (mm)Diameter (mm)    
Total depth Total depth Total depth Total depth 


(mm)(mm)(mm)(mm)    
Filtered range Filtered range Filtered range Filtered range 


(mbgl)(mbgl)(mbgl)(mbgl)    
Water level Water level Water level Water level 


detected (mbgl)detected (mbgl)detected (mbgl)detected (mbgl)    
MW-36-Y 88 14,5 9,8 – 14,5 11 







 


 


* mbgl: distance underground in meter 
 
2.4 Development of the Observation Well2.4 Development of the Observation Well2.4 Development of the Observation Well2.4 Development of the Observation Well    
 
Before development of the well, total depth and depth before the water have been measured 
with a portable water level detection tool. Also, to check whether the surface of the water 
contained free phase product, an oil/water level detection tool has been used in each well. 
 
The well has been developed using immersion pump and all equipments used were kept clean as 
far as possible. After opening of the well, before collecting samples, minimum three well volumes 
of water have been taken. the water well volumes has been calculated based on the formula "3 x 
(pi.r2h)". Here, r is diameter of the well (including the pebble filter) and h is water height. In 
wells where water level increase speed is slow, the well has been drained at least three times 
before collecting samples. 
 
Conductivity (or Redox) and pH have been continuously observed and water has been taken until 
the deviation between the 3 measurements decreased down to 10 %. Underground water 
samples have been collected and when necessary, for confirmation of field measurements, 
conductivity, pH, temperature, REDOX, dissolved oxygen measurements have been repeated and 
calibrated. The water taken from the wells have been drained to the oily or chemical materials 
drainage system of the plants.  
 
2.5 Topographi2.5 Topographi2.5 Topographi2.5 Topographic Measurement and Underground Water Level Measurementsc Measurement and Underground Water Level Measurementsc Measurement and Underground Water Level Measurementsc Measurement and Underground Water Level Measurements    
 
Level and coordinates of the observation wells have been measured by the plants personnel in 
accordance with the plants coordinate system. also, underground water level depth measurement 
has been performed on the observation wells. battery operated water level determination tool 
has been used for water level measurements.  
 
In order not to transfer pollution between wells, the probe and cable of the water level 
measurement tool have been cleaned before passing onto next well.  
 
Coordinates of the observation wells and their water level grades calculated accordingly are as 
follows: 
 
 


Table 2:Table 2:Table 2:Table 2: Underground water observation wells coordinates and water level information. 
 
 


WELL NOWELL NOWELL NOWELL NO    
WELL DEPTH WELL DEPTH WELL DEPTH WELL DEPTH 


(m)(m)(m)(m)    


WATER LEVELWATER LEVELWATER LEVELWATER LEVEL    
DEPTH DEPTH DEPTH DEPTH 
(mgbl)*(mgbl)*(mgbl)*(mgbl)*    


WELL WELL WELL WELL 
OPENING OPENING OPENING OPENING 
GRADE (m)GRADE (m)GRADE (m)GRADE (m)    


WATER LEVEL WATER LEVEL WATER LEVEL WATER LEVEL 
GRADE (m)GRADE (m)GRADE (m)GRADE (m)    


COORDINATESCOORDINATESCOORDINATESCOORDINATES    


MW-2 14,8 6,39 16,20 9,81 N.4562.90 W.6447.00 
MW-36-Y 14,5 2,35 29,08 26,73 N.5589.73 W.6511.43 
* mbgl: distance underground in meters. 
    
    
    
    
    
    
    
    
    
    
    
    







 


 


2.6 Sampling for Laboratory Analy2.6 Sampling for Laboratory Analy2.6 Sampling for Laboratory Analy2.6 Sampling for Laboratory Analysissississis    
 
 
2.6.1 Soil Sampling 
 
Solid Auger system has been adopted for drilling. The samples collected for geological evaluation 
and laboratory analysis has been collected via the standard type longitudinal crack sample 
collector. The soil sample for the laboratory analysis has been collected from depth of 1,0-1,5 m 
during drilling of the MW36Y observation well. 
 
The sample has been tightly inserted in the sample jar, immediately labeled and kept in cold 
environment (+4 C) before submission to laboratory for analysis. Analyzed in TubitakTubitakTubitakTubitak, the 
accredited laboratory for Soil Pollution Control Regulation (TKKY) APPENDIX 1A (a and b) 
parameters.  
 
 
2.6.2 Sampling of Underground Water 
 
Before collecting underground water samples, minimum three well volumes of water have been 
taken using immersion pump. Also, for determining whether there is free phase product on water 
surface, an oil/water level determination tool has been used in each well.  
 
The wells have been developed using immersion pump and all equipments used have been kept 
clean. The water well volumes has been calculated based on the formula "3 x (pi.r2h)". Here, r is 
diameter of the well (including the pebble filter) and h is water height.  
 
Conductivity (or Redox) and pH have been continuously observed and water has been taken until 
the deviation between the 3 measurements decreased down to 10 %. Underground water 
samples have been collected and when necessary, for confirmation of field measurements, 
conductivity, pH, temperature, REDOX, dissolved oxygen measurements have been repeated and 
calibrated. The water taken from the wells have been drained to the oily or chemical materials 
drainage system of the plants.  
 
Sample containers have been filled in this order: 
 


1. Volatile Organic Compounds (VOC), 


2. Total Petroleum Hydrocarbons (TPH), 


3. Polychloride Biphenyls (PCB), 


4. Dissolved Metals, 


5. Ionic balance parameters. 


 


Following the sample collection procedure, each sample collector has been labeled indicating the 
sample content with the date and signature of the sample collector. No preservative has been 
added into the sample bottles on field. After the sample bottles have been filled, they have been 
put into coolants including frozen ice packages. The samples have been stored in refrigerator 
under nominal temperature of +4 C and kept as cold as possible until submission to the 
laboratory. 
 







 


 


The coolants have been covered with sticky tapes before submission to the laboratory. For safety 
reasons, the sealing of the boxes have been labeled with stickers including dates and signatures. 
This has also been recorded by the laboratory upon receipt of the coolant. In the coolants, the 
samples have been wrapped with ice cubes for a minimum of + 4 C during transportation.  
 
The following pollutant parameters have been researched in the underground waters: 
 


• Aromatic and aliphatic separated hydrocarbons (TPH), 
• Volatile organic compounds (VOC) 
• Polychlorinated Biphenyls (PCB) - (only MW2) 
• Dissolved metals: Arsenic (As), Antimony (Sb), Beryllium (Be), Lead (Pb), Chrome (Cr), 


Iron (Fe), Cobalt (Co), Copper (Cu), Nickel (Ni), Mercury (Hg), Selenium (Se), Silver (Ag), 
Vanadium (V), Zinc (Zn) 


 
Underground water samples have been analyzed in the internationally accredited Agrolab 
(Germany) laboratories. Laboratory accreditation certificate is given in APPENDIX A. 







 


 


3 ANALYSIS RESULTS3 ANALYSIS RESULTS3 ANALYSIS RESULTS3 ANALYSIS RESULTS    
 
3.1 Soil Sample Analysis Results3.1 Soil Sample Analysis Results3.1 Soil Sample Analysis Results3.1 Soil Sample Analysis Results    
 
All analysis results are given in APPENDIX B. The results have been compared to Turkish Soil 
Pollution Control Regulation (TKKY) limits and summarized below: 
 


Table 3.Table 3.Table 3.Table 3. Values exceeding the TKKY limits in MW36Y soil sample 
 


 Unit 
TKKY 
limits MW36Y 


Barium (Ba) Mg/kg 200 553553553553    
 


• Among the parameters analyzed, only Barium exceeds the Limit Value to be met at the 
end of treatment of polluted soil. As the other pollutant parameters have not exceeded 
the limit values, it is estimated that this pollutant is naturally present in soil. 


 
 
3.2 Underground Water Samples Analysis Results3.2 Underground Water Samples Analysis Results3.2 Underground Water Samples Analysis Results3.2 Underground Water Samples Analysis Results    
 
The Turkish Environmental Regulation includes a pollution evaluation criterion for underground 
water. “Point Based Soil Pollution Control Regulation” is currently at a draft stage and the 
pollution parameter limit values have not yet been determined in this draft Regulation. Therefore, 
the underground water samples laboratory results of the present study have been interpreted in 
accordance with the Netherland Pollution Standards. Even though risk evaluation approach has 
been adopted in many countries around Europe, the frequently adopted approach in the past is 
determination of a numerical value for pollution. Based on this approach, Netherland standards 
have determined two levels for pollutant chemicals: these are Target Limits (T) and Intervention 
Limits (I). Target limits are those determining the improvement levels, in other words, the 
minimum level that may be gained with current improvement technologies. Intervention Limits 
are the thresholds where intervention and improvement are deemed necessary for meeting with 
the Target Limits. Commencement of improvement for pollution levels below Intervention Limits 
and above Target Limits are at discretion of environmental authorities. In summary, the main 
purpose of adopting the Netherland standards is to define dimensions of the pollution and 
revealing the need for intervention. 
 
All analysis results are given in APPENDIX B. The pollutants detected in the underground water are 
summarized below. 
 







 


 


Total Petroleum Hydrocarbons (TPH) 
 


Table 4.Table 4.Table 4.Table 4. TPH concentrations detected in the underground water 
 
 
Aromatic HydrocarbonsAromatic HydrocarbonsAromatic HydrocarbonsAromatic Hydrocarbons    Netherlands LimitsNetherlands LimitsNetherlands LimitsNetherlands Limits    


(C5(C5(C5(C5----C35C35C35C35))))    


UnitUnitUnitUnit    


TTTT    IIII    


MW2MW2MW2MW2    MW36YMW36YMW36YMW36Y    


C6C6C6C6----C7C7C7C7    µg/lµg/lµg/lµg/l            2,52,52,52,5    


C8C8C8C8    µg/lµg/lµg/lµg/l            45454545    


>C8>C8>C8>C8----C10C10C10C10    µg/lµg/lµg/lµg/l            n.d.n.d.n.d.n.d.    


>C10>C10>C10>C10----C12C12C12C12    µg/lµg/lµg/lµg/l            <0,2<0,2<0,2<0,2    


>C12>C12>C12>C12----C16C16C16C16    µg/lµg/lµg/lµg/l            <0,2<0,2<0,2<0,2    


>C16>C16>C16>C16----C21C21C21C21    µg/lµg/lµg/lµg/l            <0,2<0,2<0,2<0,2    


>C21>C21>C21>C21----C35C35C35C35    µg/lµg/lµg/lµg/l            <0,2<0,2<0,2<0,2    


AromaticAromaticAromaticAromatic Hydrocarbons total Hydrocarbons total Hydrocarbons total Hydrocarbons total    µg/lµg/lµg/lµg/l            47,547,547,547,5    


Aliphatic hydrocarbons (C5Aliphatic hydrocarbons (C5Aliphatic hydrocarbons (C5Aliphatic hydrocarbons (C5----C35)C35)C35)C35)                    


>C5>C5>C5>C5----C6C6C6C6    µg/lµg/lµg/lµg/l            <10<10<10<10    


>C6>C6>C6>C6----C8C8C8C8    µg/lµg/lµg/lµg/l            <10<10<10<10    


>C8>C8>C8>C8----C10C10C10C10    µg/lµg/lµg/lµg/l            <10<10<10<10    


>C10>C10>C10>C10----C12C12C12C12    µg/lµg/lµg/lµg/l            <0,1<0,1<0,1<0,1    


>C12>C12>C12>C12----C16C16C16C16    µg/lµg/lµg/lµg/l            <0,1<0,1<0,1<0,1    


>C16>C16>C16>C16----C21C21C21C21    µg/lµg/lµg/lµg/l            <0,1<0,1<0,1<0,1    


>C21>C21>C21>C21----C35C35C35C35    µg/lµg/lµg/lµg/l            <0,1<0,1<0,1<0,1    


Aliphatic hydrocarbonsAliphatic hydrocarbonsAliphatic hydrocarbonsAliphatic hydrocarbons total total total total    µg/lµg/lµg/lµg/l            n.d.n.d.n.d.n.d.    


Total  TPHTotal  TPHTotal  TPHTotal  TPH    µg/lµg/lµg/lµg/l    50505050    600600600600    


n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 
n.d. n.d. n.d. n.d. 
<0,2 <0,2 <0,2 <0,2 
<0,2 <0,2 <0,2 <0,2 
<0,2 <0,2 <0,2 <0,2 
<0,2 <0,2 <0,2 <0,2 
n.d.n.d.n.d.n.d.    
<10 <10 <10 <10 <10 <10 <10 <10 
<10 <10 <10 <10 
<0,1 <0,1 <0,1 <0,1 
<0,1 <0,1 <0,1 <0,1 
<0,1 <0,1 <0,1 <0,1 
<0,1 <0,1 <0,1 <0,1 
n.d. n.d.n.d. n.d.n.d. n.d.n.d. n.d.    


47,547,547,547,5    


 
 
 
 
 
The TPH concentrations detected in the underground water are below the Netherlands 
Target limits in MW36Y 
 
Benzene-Toluen Ethylbenzene-Xylene (BTEX) 
 


Table 5Table 5Table 5Table 5. BTEX concentrations detected in the underground water 
 


Netherlands LimitsNetherlands LimitsNetherlands LimitsNetherlands Limits BTEXBTEXBTEXBTEX Unit 
TTTT IIII 


MW2MW2MW2MW2 MW36YMW36YMW36YMW36Y 


Benzene µg/l 0,20,20,20,2 30303030 <0,5 


Toluen µg/l 7777 1000100010001000 2,5 


Ethylbenzene µg/l 4444 150150150150 1,9 


m.p-xylene µg/l   43 


o-xylene µg/l   0,6 


Xylenes (total) µg/l 0,20,20,20,2 77770000 


<0,5 


<0,5 


<0,5 


<0,5 


<0,5 


 n.d. 
43,643,643,643,6 


 
Xylenes among the BTEX compounds detected in the underground water exceed the Netherlands 
Target Limits only in MW36Y. 
    
    
    
    
    







 


 


 
Metals (TPH) 
 


Table 6.Table 6.Table 6.Table 6. dissolved metal concentrations detected in the underground water 
 


Metals Unit Netherlands Limits MW2 MW36Y 
 
 


 
 


T I  
 


 
 


Arsenic (As) mg/l 0,01 0,06 0,022 0,017 
Antimony (Sb) mg/l  0,02 0,0008 0,0006 
Beryllium (Be) mg/l  0,015 <0,005 <0,005 
Lead (Pb) mg/l 0,015 0,075 <0,003 <0,003 
Chrome (Cr) mg/l 0,001 0,03 <0,005 0,008 
Cobalt (Co) mg/l 0,02 0,1 <0,005 <0,005 
Copper (Cu) mg/l 0,015 0,075 <0,005 <0,005 
Nickel (Ni) mg/l 0,015 0,075 <0,005 <0,005 
Mercury (Hg) mg/l 0,00005 0,0003 <0,0002 <0,0002 
Selenium (Se) mg/l  0,16 0,004 <0,001 
Silver (Ag) mg/l  0,04 <0,001 <0,001 
Vanadium (V) mg/l  0,07 0,006 0,006 
Zinc (Zn) mg/l 0,065 0,8 <0,01 0,02 


 
 
Among the metal compounds detected in the underground water, arsenic exceeds the 
Netherlands Target Limits in both wells. Chrome exceeds the Netherlands Target Limits only in 
MW36Y. 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    







 


 


4.0 RESULTS AND EVALUATION4.0 RESULTS AND EVALUATION4.0 RESULTS AND EVALUATION4.0 RESULTS AND EVALUATION    
 
Based on the study performed in April, 2009 in order to determine the soil and underwater 
pollution in the new refinery area of PETKIM PETROKIMYA CORP, Aliaga Plants, the following 
findings have been generated. 
 


� In the soil sample collected from MW36Y, Barium has been detected to exceed the TKKY 
Limits. The relevant value is below the Netherland Intervention Limits 


�  In the underground water sample collected from MW2, no pollutant parameter except for 
Arsenic has been detected to be above Netherland Target Limits. 


� In MW36Y, the Xylene, Chrome and Arsenic have been detected to exceed the Netherland 
Target Limits. It is estimated that the arsenic detected is naturally present in the 
underground water. 


 
Based on this stıdy performed, it has been detected that the underground water pollution is 
limited and does not require intervention. The pollution detected in MW36Y has not been 
associated with PETKIM activities as the land of the well is not directly related with any process or 
chemical storage and in the underground water grade. 
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    







 


 


    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    


 
APPENDIX AAPPENDIX AAPPENDIX AAPPENDIX A    


    
LABORATORY ACCREDITATION DOCUMENTSLABORATORY ACCREDITATION DOCUMENTSLABORATORY ACCREDITATION DOCUMENTSLABORATORY ACCREDITATION DOCUMENTS    
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ANALYSIS REPORTANALYSIS REPORTANALYSIS REPORTANALYSIS REPORT    
(Industrial Technical Support Service) 


 
 
 
 
Report NoReport NoReport NoReport No  : B.02.1.TBT.5.01.14.00-181.06.03-1138     7318 


Report DateReport DateReport DateReport Date  : 29.04.2009 


Requested byRequested byRequested byRequested by : Petkim Petrochemical Holding Corp, Izmir Administration 


AddressAddressAddressAddress  : P K 12 35801 Aliaga/IZMIR 


SubjectSubjectSubjectSubject  : Soil Sample Analysis 


 
The results given in the present report relate only to samples examined.The results given in the present report relate only to samples examined.The results given in the present report relate only to samples examined.The results given in the present report relate only to samples examined.    


 
Approved byApproved byApproved byApproved by    
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Dr. Selma AYAZ 


Environment Institute 
Industrial Service Accountable 


 
 
 
 
 
The present report and its results can not be partially or completely copied or published for trading and advertisement purposes.  
The analysis with (*) symbol in the report are accredited. 
 
The present report consisting of 5 pages has been issued in 2 copies, 1 for the client, and 1 for the Institute Archives. 
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Report NoReport NoReport NoReport No  : B.02.1.TBT.5.01.14.00-181.06.03-1138     7318 
Requested byRequested byRequested byRequested by             : Petkim Petrochemical Holding Corp. Izmir Administration 
Request addressRequest addressRequest addressRequest address    : P K 12, 35801, Aliaga/IZMIR 
 
 
SampleSampleSampleSample   : Soil 
Number of sampleNumber of sampleNumber of sampleNumber of sample  : 1 
Sample submittedSample submittedSample submittedSample submitted  : By the client 
Condition on acceptanceCondition on acceptanceCondition on acceptanceCondition on acceptance : Glass container 


Expiry dateExpiry dateExpiry dateExpiry date: 
Institute sample registry noInstitute sample registry noInstitute sample registry noInstitute sample registry no: 098/224/1 
Date and time of acceptanceDate and time of acceptanceDate and time of acceptanceDate and time of acceptance: 18.03.2009 
Analysis dateAnalysis dateAnalysis dateAnalysis date: 18.03.2009-27.04.2009 
 


Witness sample informationWitness sample informationWitness sample informationWitness sample information    
( ) Returned to client  (x) Witness sample present  ( ) No witness sample 
 
 
 
Analysis request of Petkim Petrochemical Holding Corp. has been received by TUBITAK Marmara 
Research Center and registered with document no 4345. 
 
One (1) soil sample has been submitted to TUBITAK MAM Environment Institute along with the 
analysis request letter. 
 
In the request letter, it has been requested that the soil sample shall be evaluated for compliance 
with Soil Pollution Control Regulation APPENDIX I-A Soil Pollution Parameters Limit Values a) Soil 
heavy metal pollutant parameters, b: polluted soil treatment met pollutant parameters. 
 
The values generated from the soil analysis have been compared to limit values given in 
TKKY/APPENDIX I-A/a-b and given in Table I and foregoing along with the analysis methods. 
 
Evaluation of Analysis Results Evaluation of Analysis Results Evaluation of Analysis Results Evaluation of Analysis Results     
The values generated from the soil analysis of Petkim Petrochemical Holding Corp Izmir 
Administration are given in Table 1. upon examination of Table 1, it’s clear that the Barium 
concentration is not in compliance with Soil Pollution Control Regulation APPENDIX I-A Soil Pollution 
Parameters Limit Values b: polluted soil treatment met pollutant parameters. 
 
RemarksRemarksRemarksRemarks: 
    
Accountable SignatureAccountable SignatureAccountable SignatureAccountable Signaturessss: (signature)    (signature) 
   Huseyin Rahmi YILMAZ    Dr. Sonmez DAGLI 
       Research Expert      Research Expert 
 
The present report and its results can not be partially or completely copied or published for trading and advertisement purposes.  
The analysis with (*) symbol in the report are accredited. 
 
The present report consisting of 5 pages has been issued in 2 copies, 1 for the client, and 1 for the Institute Archives. 
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TUBITAKTUBITAKTUBITAKTUBITAK    
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Report NoReport NoReport NoReport No: B.02.1.TBT.5.01.14.00-181.06.03-1138     7318 
    
Table 1: Analysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX ITable 1: Analysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX ITable 1: Analysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX ITable 1: Analysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX I----A Soil Pollution Parameters Limit Values a) A Soil Pollution Parameters Limit Values a) A Soil Pollution Parameters Limit Values a) A Soil Pollution Parameters Limit Values a) 
Heavy metal values in soil and analysis methodsHeavy metal values in soil and analysis methodsHeavy metal values in soil and analysis methodsHeavy metal values in soil and analysis methods    
 


“TKKY” APPENDIX I“TKKY” APPENDIX I“TKKY” APPENDIX I“TKKY” APPENDIX I----A LimA LimA LimA Limit Valuesit Valuesit Valuesit Values        
Parameter/sampleParameter/sampleParameter/sampleParameter/sample    


    
SoilSoilSoilSoil    pH 5pH 5pH 5pH 5----6666    


mg/kg furnacemg/kg furnacemg/kg furnacemg/kg furnace----dried soildried soildried soildried soil    
    


    
Analysis methodsAnalysis methodsAnalysis methodsAnalysis methods    


Lead (Pb mg/kg) furnace-dried material 8.8 50 300 


Cadmium (Cd mg/kg) <0.1 1 3 


Chromium (Cr mg/kg) 52.5 100 100 


Copper (Cu mg/kg) 22 50 140 


Nickel (Ni mg/kg) 47.4 30 75 


 
 
SM-3111 AAS (with flame) 


Zinc (Zn mg/kg) 73.7 150 300 SM-3111 AAS (with flame) 
Mercury (Hg mg/kg) <0.5 1 1.5 SM-3112 AAS (Cold Vapor) 
pH 8.92  pH >6 SM-4500 H*B Elect. 
 
 
 
 
 
 
Remarks:Remarks:Remarks:Remarks:    
Accountable SignaturesAccountable SignaturesAccountable SignaturesAccountable Signatures: (signature)    (signature) 
   Huseyin Rahmi YILMAZ  Dr. Sonmez DAGLI 
        Research Expert       Research Expert 
 
The present report and its results can not be partially or completely copied or published for trading and advertisement purposes. 
The analysis with (*) symbol in the report are accredited. 
The present report consisting of 5 pages has been issued in 2 copies, 1 for the client, and 1 for the Institute Archives. 
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Report NoReport NoReport NoReport No: B.02.1.TBT.5.01.14.00-181.06.03-1138     7318 
Table 1 continuedTable 1 continuedTable 1 continuedTable 1 continued: Analysis Results of Petkim Petrochemical HoldinAnalysis Results of Petkim Petrochemical HoldinAnalysis Results of Petkim Petrochemical HoldinAnalysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX Ig Corp Izmir Administration soil samples and APPENDIX Ig Corp Izmir Administration soil samples and APPENDIX Ig Corp Izmir Administration soil samples and APPENDIX I----A b) polluted soil treatment met A b) polluted soil treatment met A b) polluted soil treatment met A b) polluted soil treatment met 
pollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methods    
 


Parameter/sampleParameter/sampleParameter/sampleParameter/sample    SoilSoilSoilSoil    TKKY APPENDIX ITKKY APPENDIX ITKKY APPENDIX ITKKY APPENDIX I----A/b Limit ValuesA/b Limit ValuesA/b Limit ValuesA/b Limit Values    Analysis MethodsAnalysis MethodsAnalysis MethodsAnalysis Methods    
B)Other pollutant parameters in soilB)Other pollutant parameters in soilB)Other pollutant parameters in soilB)Other pollutant parameters in soil  
Chlorite (Cl mg/l) 0.51 25 SM-4110 B Ion Chromatography 
Sodium (Na mg/l) 10.8 125  
Cobalt (Co mg/kg) 16.9 20  
Arsenic (As mg/kg) 5.3 20 SM-2114 AAS (Hydra) 
Molybdenum (Mo mg/kg) 2.7 10  
Stannum (Sn mg/kg) 8.5 20  
Barium (Ba mg/kg) 553 200  
Fluoride (F mg/l)(Onon) 0.38 200 4500-F C Ion Selective Electrode 
Free cyanide (T CN mg/l) < 0.004 1  
Total Cyanide (T CN mg/l) 0.024 5 SM-4500 CN C Distill. +tit 
Total Sulfur (S* mg/l) 0.038 2 Ready kit DR 2000 
Bromine (BR mg/l) 0.0018 20 SM-4110 B Ion Chromatography + 


Calculation 
Benzene (mg/kg) <0.05 0.05 
Butyl Benzene (mg/kg) <0.05 0.05 
Toliol (mg/kg) <0.05 0.05 
Xylol (mg/kg) <0.05 0.05 


EPA 8260 
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Report NoReport NoReport NoReport No: B.02.1.TBT.5.01.14.00-181.06.03-1138     7318 
Table 1 continuedTable 1 continuedTable 1 continuedTable 1 continued: Analysis Results of Petkim Petrochemical Holding Corp IzmiAnalysis Results of Petkim Petrochemical Holding Corp IzmiAnalysis Results of Petkim Petrochemical Holding Corp IzmiAnalysis Results of Petkim Petrochemical Holding Corp Izmir Administration soil samples and APPENDIX Ir Administration soil samples and APPENDIX Ir Administration soil samples and APPENDIX Ir Administration soil samples and APPENDIX I----A b) polluted soil treatment met A b) polluted soil treatment met A b) polluted soil treatment met A b) polluted soil treatment met 
pollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methodspollutant parameters limit values and analysis methods    
 
 


Parameter/sampleParameter/sampleParameter/sampleParameter/sample    SoilSoilSoilSoil    
TKKY APPENDIX ITKKY APPENDIX ITKKY APPENDIX ITKKY APPENDIX I----A/b Limit A/b Limit A/b Limit A/b Limit 
ValuesValuesValuesValues    


Analysis MethodsAnalysis MethodsAnalysis MethodsAnalysis Methods    


Phenol (C6H6OH mg/kg) <0.07 0.05    SM-5530 Chloroform Extract 
Selenium (Se mg/kg) <1 5 SM-3114AAS (Hydra) 
Thallium (Tl mg/kg) <0.5 1 SM-3113 AAS (Graphite furnace) 
Polycyclic Aromatic Hyd. (PAH mg(kg) 0.222 5 EPA 8310 
(*) Halogen org. Bil. (AOX mg/l) 0.027 0.5 DIN 38409/14 Ads. Pyrolysis titration 
Pesticides - Individual <0.01 0.5 EPA8081.GC-ECD 
Pesticides - Total <0.01 2 EPA8141.GC-NPD 
PCBs (mg/kg) <0.01 0.5 EPA, 8082 ECD 
Total Organic Carbon (TOC mg/kg) 9135 — D.11.Y.03.32 2006-08 
Total Petroleum Hydrocarbons (mg/kg) 368 — EN 14039 GC-MS    
Antimony (Sb mg/kg) < 1 — SM-3114AAS (Hydra) 
Vanadium (mg/kg) 82.8 — SM-3113 AAS (Graphite furnace) 
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Appendix 5-4: Meteorological Data 


The meteorological data that were collected during the Local EIA studies from Dikili Meteorology Station 


is presented in tables below. 
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Appendix 5- 5: Air Measurements 


In this section, Petkim Ambient Air Mesaurements conducted in 2007, Aliağa Environmental Baseline 


and Bearing Capacity Determination Report and the NOx, SO2, PM10 and Settled Dust Measurements 


conducted by Golder are presented.  


 
 







 


    


Appendix 5-5-1: Petkim Ambient Air Measurements, 2007 
 


Table 1 : Air Quality Measurement Locations 


No  Location  Coordinate (X;Y)  


1  T101-Fuel Oil Tank  493920  4293825 


2  T9404 A Tank side pipe passing  494210  4294070 


3  T601 B Naphtha Tank  493620  4293507 


4  Ethylene-Oxide Ethylene-Glycol Factory  493830  4292896 


5  Landing Place 5  493508  4292143 


6  Between of Landing Place 1 and 2  493904  4292485 


7  D-102 A (CAN Unit) Catalyst  493953  4293434 


8  Aromatics Factory  494115  4293778 


9  Ethylene 401 side  494922  4293744 


10  Ethylene Factory 504-501 Week  494455  4293785 


11  AGÜ Holding Pool  493901  4293042 


12  PA Factory T-404 Tank side  494544  4292780 


13  YYPE Factory  494708  4293041 


14  Land Filling  495067  4293025 


15  TCDD Biçerova, before Olive Trees  496107  4290328 


16  Petkim Public Housing Site 1  495589  4292318 


17  Petkim Çayağzı Entrance  491993  4295765 


18  Side of the Government Office Fishing Port  496851  4294948 


19  Aliağa Public Hospital  497505  4293269 


20  Old SSK Hospital Crossroad  496116  4291964 


21  Side of the Former Gendarme Building  494284  4291948 


22  Nemrut Port  493257  4289680 


23  Front of the TCDD Biçerova Storehouse Area  495684  4290503 


 


 







 


    


 


Figure 1 : Existing Air Quality Determination Locations 


Results of measurement obtained are given in Table 2,Table 3 and Error! Reference source not found. for 


SO2, NO2 and VOC, respectively. 







 


    


Table 2 : SO2 Results of Measurement with Passive Exemplification (weekly average) (µg/m³) 


 
 







 


    


 


Table 3 : NO2 Results of Measurement with Passive Exemplification (weekly average) (µg/m
3
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Table 4 : VOC Results of Measurement with Passive Exemplification (weekly average) (µg/m³) 
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1. AMAÇ VE KAPSAM 
 
Bu çalıĢma, PETKĠM PETROKĠMYA HOLDĠNG A.ġ.’ne ait Ġzmir Ġli Aliağa Ġlçesi’nde faaliyet 
gösteren petrokimya kompleksinin Sanayi Kaynaklı Hava Kirliliğinin Kontrolu Yönetmeliği 
kapsamında emisyon izni alabilmesi için gerekli olan tesisin hava kirlenmesine katkı değerlerinin 
hesaplanması ve tesis etki alanında hava kalitesinin ölçümlerle belirlenmesi amacıyla 
gerçekleĢtirilmiĢtir.   
 
SKHKK Yönetmeliği gereği tesis etki alanını kapsayacak Ģekilde tesis çevresinde ve tesis içinde 
değiĢik noktalarda hava kirleticilerin konsantrasyonları ölçülmüĢ, dağılım modelleri yardımıyla 
tesisteki tüm bacalardan kaynaklanan kirleticilerin çevre hava kalitesine katkıları hesaplanmıĢtır.  
 
PETKĠM’in 2009 yılında hazırlanan raporunda tesisteki bağlantı elemanlarından 
kaynaklanabilecek VOC emisyonları hesaplanmamıĢ ve VOC dağılım modellemesi 
yapılmamıĢtı. Bu raporda hem diğer kirleticiler için yapılan modelleme çalıĢması yeni ölçüm 
sonuçlarına göre yenilenmiĢ hem de tesisteki tüm VOC kaynakları dikkate alınarak VOC modeli 
çalıĢtırılmıĢtır.  
 
Tesisin son hava kalitesi ölçümleri 6.11.2009 ile 7.01.2010 tarihleri arasında tesis çevresinde 12 
değiĢik noktada yapılmıĢtır. Bu ölçümlerde; pasif örnekleyiciler kullanarak birer haftalık 
periyotlarda kükürt dioksit (SO2), azot dioksit (NO2) ve uçucu organik bileĢiklerin (VOC) 
ölçümleri yapılmıĢtır. VOC ölçümlerinde tesis içinde kalan 6 noktada hava kalitesi sınır 
değerlerinin aĢılması nedeniyle Bakanlığın talebi doğrultusunda bu noktalardaki ölçümler 
tekrarlanmıĢtır.  
 
VOC ölçümlerine ilave olarak iki noktada çöken toz ölçümü ve bir noktada da havada asılı 
partikül madde (PM10) ölçümü yapılmıĢtır. PM10 ölçümü, PETKĠM’e ait ölçüm aracı ile 
gerçekleĢtirilmiĢtir.  
 
Bu raporda, emisyon iznine esas teĢkil edecek Ģekilde hava kalitesi modellemesi ve hava kalitesi 
ölçümleri topluca verilmiĢ ve değerlendirilmiĢtir.  
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HAVA KĠRLENMESĠNE KATKI DEĞERLERĠ VE HAVA KALĠTESĠ ÖLÇÜMÜ  
 
2.1. YÖNTEM 
 
Hava kirlenmesine katkı değerinin (HKKD) hesaplanması ve hava kalitesi ölçümü ile ilgili 
esaslar Yönetmelik Ek-2’de verilmiĢtir. Bu esaslara uyularak tesiste emisyonların merkezinden 
itibaren Yönetmelik Ek-4’e göre belirlenmiĢ baca yüksekliklerinin 50 katı yarıçaplı alan “Tesis 
Etki Alanı” olarak seçilmiĢtir. Tesiste en yüksek baca yüksekliği 75 m olduğundan tesis etki 
alanı 3750 m yarıçaplı alan olup;  çalıĢma alanı tesis etki alanından çok daha geniĢ bir alan 
olarak seçilmiĢtir.  
 
Belirlenen bu tesis etki alanında USEPA ISCST3 Kirletici Dağılım Modeli kullanılarak toz 
(havada asılı partikül madde), kükürt dioksit, azot dioksit, karbon monoksit ve uçucu organik 
bileĢikler (VOC) için hava kirlenmesine katkı değerleri hesaplanmıĢtır. Modelleme çalıĢması, 
tesiste yeni yapılan ölçümleri ve TANKS modeli sonuçlarını da içerecek Ģekilde yenilenmiĢtir.  
 
Hava kalitesi ölçümlerinde kullanılan yöntemler aĢağıda verilmiĢtir: 
 


Ölçülen/ örneklenen parametre Standart yöntem 


* Pasif Örnekleme ile Ortam Havasında SO2, NO2 ve VOC 
DeriĢiminin Belirlenmesi 


EN 13528-1: 2006 
EN 13528-2: 2004 


*DıĢ havada Çöken Toz DeriĢiminin Belirlenmesi TS 2341: 1976 
**DıĢ Havada PM10 DeriĢiminin Otomatik Analizör ile 
Belirlenmesi (Beta IĢıması) 


TS EN 14211 : 2006 


*) Bu ölçümler TURKAK tarafından akredite edilmiĢ ve Bakanlık tarafından yetkilendirilmiĢtir. 
**) Bu ölçümler PETKĠM’e ait ölçüm aracı ile gerçekleĢtirilmiĢtir. 
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2.2. Hava Kirlenmesine Katkı Değerleri 
 
Hava kirlenmesine katkı değeri, herhangi bir kaynağın, çevresindeki hava kalitesine katkısını 
yani kirlenmedeki payını ifade eden değerdir. Kaynaktan atmosfere verilen kirleticinin kütlesel 
debisi ve meteorolojik özellikler biliniyorsa kirleticilerin çevrede oluĢturacakları kirlilik 
seviyelerini tahmin etmek mümkündür. Bunun için değiĢik dağılım modelleri geliĢtirilmiĢtir. En 
yaygın kullanılan dağılım modeli Gaussian dağılım olup temel eĢitlik aĢağıda verilmiĢtir.  
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Bu formülde; 


C(x,y,z): (x,y,z) noktasında hesaplanan kirletici konsantrasyonu (mg/m3), 
Q: kaynaktan yayınlanan kirleticinin kütlesel debisi (kg/saat), 
h: etkin baca yüksekliğini (bacanın inĢaat yüksekliği + duman yükselmesi), 
Uh: etkin baca yüksekliğindeki rüzgar hızı (m/s), 
σy, σz : yayılma parametrelerini ifade etmektedir. 


 
22/07/2006 tarih 26236 sayılı Resmi Gazete’de yayınlanarak yürürlüğe giren Sanayi Kaynaklı Hava 
Kirliliğinin Kontrolü Yönetmeliği’nde hava kalitesi modellemesi konusunda 6. Maddenin (e) 
fıkrasında; “... Ek-2’de belirtilen esaslar çerçevesinde hava kirliliği seviyesinin ölçülmesi ve 
tesisin kirleticiliğinin değerlendirilmesi amacıyla Uluslar arası kabul görmüĢ bir dağılım modeli 
kullanılarak,  Hava Kirlenmesine Katkı Değerinin Hesaplanması,...” ifadesi yer alır. Burada tarif 
edilen model, yurtiçi ve yurtdıĢındaki bilimsel çalıĢmalarda yaygın olarak kullanılan ve eski 
yönetmelikte de yukarıdaki eĢitlikle tarif edilen bir Gaussian dağılım modelidir. Bu çalıĢmada da 
kullanılan Amerikan Çevre Koruma Örgütü (USEPA)’nün geliĢtirdiği ISCST3 (Industrial Source 
Complex - Short Term) dağılım modeli bu konuda en çok bilinen ve kullanılan modeldir. 
 
Bu çalıĢmada, Petkim Petrokimya Holding A.ġ.’nin toplam 27 bacasından atmosfere verilen 
kükürt dioksit, partikül madde, azot dioksit, karbon monoksit ve uçucu organik bileĢiklerin çevre 
havasında oluĢturduğu yer seviyesi konsantrasyonları hesaplanmıĢtır. Bacaların fiziksel 
özellikleri Tablo 1’de verilmiĢtir. ÇalıĢmada yukarıda verilen Gaussian dağılım modelini 
kullanarak hesap yapan USEPA’nın ISCST3 modeli kullanılmıĢtır. 
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Hesaplamalarda, Petkim Petrokimya Holding A.ġ.’den yaklaĢık 6 km uzaklıktaki Horozgediği 
köyünde kurulu bulunan ve Ġzmir Elektrik Üretim A.ġ.’ye ait olan meteoroloji istasyonunda 
2005 yılında ölçülen saatlik meteoroloji bilgileri (rüzgar yönü, rüzgar hızı, sıcaklık, vb.) 
kullanılarak bir yıl boyunca bütün saatler için ayrı ayrı dağılım hesapları yapılmıĢ ve aylara göre 
en yüksek saatlik konsantrasyon değerleri belirlenmiĢtir. Tablo 2’de Horozgediği köyündeki 
meteoroloji istasyonunda 2005 yılı boyunca ölçülmüĢ bazı meteorolojik veriler aylık ortalamalar 
Ģeklinde verilmiĢtir. Aynı tabloda Ġzmir geneli için Devlet Meteoroloji ĠĢleri Genel Müdürlüğü 
tarafından hesaplanan aylık ortalama karıĢma yükseklikleri de verilmiĢtir. 
 
Tesisin emisyon ölçümleri Dokuz Eylül Üniversitesi Çevre Mühendisliği Bölümü Hava Kirliliği 
Laboratuvarı tarafından gerçekleĢtirilmiĢtir. Bu ölçümlere ait sonuçlardan alınan PM, NOX, SO2, 
CO ve VOC emisyonları ile baca gazı özellikleri (sıcaklık, hız, debi, vb.) bu çalıĢmada da aynen 
kullanılmıĢtır. ÇalıĢmada, en kötü durumları değerlendirebilmek için emisyon değerleri yapılan 3 
seri ölçümler içinde karĢılaĢılan en yüksek değerler olarak seçilmiĢtir. Kullanılan bilgiler Tablo 
3’te özetlenmiĢtir. 
 
Saatlik meteorolojik veriler, bölgenin topoğrafik koĢulları ve tesis bilgileri kullanılarak model 
çalıĢması, yönetmelikte yer alan tesisin baca yüksekliğinin 50 katı olan yarıçaplı alanı da 
fazlasıyla içine alan bir grid sistemi (30 km x 30 km) için yapılmıĢtır. Bu inceleme alanı 
yönetmeliğin öngördüğü gibi 1 km’lik gridlere değil, daha detaylı bir çalıĢma yapabilmek için 
500 m’lik gridlere bölünmüĢtür. 
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Tablo 1. Tesisteki bacaların koordinatları ve özellikleri 


Baca Adı X 
Koordinatı 


Y 
Koordinatı 


Baca 
Yüks.(m) 


Baca çapı 
(m) 


T 
 (oC) 


Baca gazı 
hızı (m/s) 


Buhar Üretim 1 Nolu 
Santral Bacası 494525  4293110 75 3,5 121 13,56 
Buhar Üretim 2 Nolu 
Santral Bacası 494505  4293125 75 3,5 110 14,69 
Buhar Üretim 3 Nolu 
Santral Bacası 494465  4293150 75 3,5 120 14,68 
Buhar Üretim 4 Nolu 
Santral Bacası 494445  4293165 75 3,5 111 13,61 
Buhar Üretim Türbini 
(50 MW) Bacası 494485 4293170 38 3,6 126 18,40 
Etilen Fab. F-101 A 494755  4293630 44 1,7 201 25,33 
Etilen Fab. F-101 B 494760  4293630 44 1,7 148 25,26 
Etilen Fab. F-101 C 494780  4293620 44 1,7 161 22,35 
Etilen Fab. F-101 D 494785 4293620 44 1,7 141 22,86 
Etilen Fab. F-101 E 494800  4293605 44 1,7 140 21,05 
Etilen Fab. F-101 F 494805  4293605 44 1,7 145 24,44 
Etilen Fab. F-101 G 494820  4293595 44 1,7 138 23,09 
Etilen Fab. F-101 H 494835  4293590 44 2,5 152 23,20 
Etilen Fab. F-102 494790  4293780 41 1,8 164 28,62 
Etilen Fab. F-103 494780  4293785 26 0,7 309 5,37 
PA Bacası 494600  4292680 32 0,5 266 23,79 
PP Bacası 494615  4292810 15 0,6 626 8,21 
Atık Yakma 
Ġnsineratörü 494060  4293195 30 0,9 160 18,33 
VCM  F401 Bacası 493865  4293335 62 1,8 255 4,30 
HCL Ġnsineratörü 493780  4293215 30 0,5 19 11,33 
ACN Bacası 493925  4293475 30 3,7 436 8,69 
Aromatik Ortak Baca 494075  4293810 26 1,9 235 7,08 
Aromatik 401 494130 4293860 32 1,8 323 4,32 
Aromatik 501-A 494145  4293870 38 3,0 213 6,21 
Aromatik 501-B 494160  4293920 38 3,0 308 12,69 
Aromatik 502 494230  4293950 43 3,3 476 13,18 
Aromatik 701 494160  4293935 30 2,5 530 6,31 
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Tablo 2. 2005 yılında Horozgediği köyündeki meteoroloji istasyonunda ölçülmüĢ aylık ortalama 
meteorolojik veriler ve Ġzmir Güzelyalı meteoroloji istasyonunda hesaplanan 
ortalama karıĢma yükseklikleri 


Aylar Rüzgar hızı 
(m/s) 


Sıcaklık 
(oC) 


Karışma yüksekliği 
(m) 


Ocak 3,3 7,7 858 
ġubat 4,6 6,3 1375 
Mart 3,1 9,4 927 
Nisan 3,6 13,1 1196 
Mayıs 2,5 17,9 1212 
Haziran 3,4 21,3 1201 
Temmuz 3,1 25 1010 
Ağustos 3,4 24,8 1144 
Eylül 2,7 21 1268 
Ekim 3,1 15,2 980 
Kasım 3,4 11,2 942 
Aralık 3,9 9,2 823 


 
 


Yapılan model çalıĢmaları sonucunda saatlik meteoroloji verileri kullanılarak bir yıl boyunca 


bütün saatler için hesap yapılmıĢtır. Hesaplamalar sonucunda elde edilen değerlerden, en yüksek 


10 konsantrasyona ait değerler aĢağıdaki tablolarda aylara göre ayrı ayrı (saatlik ortalama olarak) 


ve yıllık bazda ise ortalama değerler dört kirletici için ayrı ayrı harita olarak verilmiĢtir. 


Hesaplamalar sonucunda aylara göre saatlik ortalamaların en yüksek 10 değerleri ve 


konsantrasyonların oluĢtuğu noktaların koordinatları, partikül madde için Tablo 4-16, SO2 için 


Tablo 17-28, NOx için Tablo 29-40, CO için Tablo 41-52 ve VOC için Tablo 53-64 arasındaki 


tablolarda verilmiĢtir. 
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Tablo 3. Baca gazı özellikleri ve kirletici emisyonları  


Baca Adı 
Emisyon (kg/saat) 


CO SO2 NO2 Toz VOC 
Buhar Üretim 1 Nolu Santral Bacası 4,21 3,58 68,94 0,72 0,035 


Buhar Üretim 2 Nolu Santral Bacası 4,57 2,76 48,13 0,66 0,283 


Buhar Üretim 3 Nolu Santral Bacası 3,78 2,08 3,22 1,31 0,033 


Buhar Üretim 4 Nolu Santral Bacası 5,67 2,58 38,92 1,41 0,029 


Buhar Üretim Türbini Bacası 3,85 - 9,76 0,59 0,059 


Etilen Fab. F-101 A - - 16,74 0,05 0,258 
Etilen Fab. F-101 B - - 11,02 0,08 0,221 


Etilen Fab. F-101 C 4,44 - 6,01 0,16 1,276 


Etilen Fab. F-101 D - - 13,54 0,07 0,187 


Etilen Fab. F-101 E - - 12,49 0,04 0,208 


Etilen Fab. F-101 F - - 16,21 0,07 0,230 


Etilen Fab. F-101 G - - 13,24 0,07 3,915 


Etilen Fab. F-101 H 0,19 - 20,74 0,14 0,268 


Etilen Fab. F-102 - - 13,05 0,05 0,054 


Etilen Fab. F-103 - - 0,34 0,001 0,001 


PA Bacası 0,01 - 0,72 0,003 0,003 
PP Bacası - - 0,57 0,002 0,020 
Atık Yakma Ġnsineratörü 0,12 0,003 4,39 0,433 - 
VCM  F401 Bacası - - 2,41 0,01 0,005 
HCL Ġnsineratörü 0,01 - 0,36 0,02 0,001 
ACN Bacası 0,28 - 4,71 0,31 0,012 
Aromatik Ortak Baca - 10,57 5,05 0,41 0,142 


Aromatik 401 - 0,48 1,42 0,01 0,011 


Aromatik 501-A - 2,42 11,39 1,65 0,363 


Aromatik 501-B - 5,64 16,98 3,06 0,869 


Aromatik 502 - 214,65 42,48 11,55 0,439 


Aromatik 701 0,21 28,27 6,26 1,53 0,179 
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Tablo 4. Ocak ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,7 012624 493000 4295000 
2 7,6 012516 493000 4295000 
3 7,6 012701 493000 4295000 
4 7,5 012206 493000 4295000 
5 7,3 012703 493000 4295000 
6 6,9 012623 493000 4295000 
7 6,9 012911 493000 4295000 
8 6,8 012824 493000 4295000 
9 6,8 012524 493000 4294500 


10 6,8 012017 493000 4295000 
 


Tablo 5. ġubat ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,7 021419 493000 4295000 
2 7,5 022708 493000 4295000 
3 7,4 022016 493000 4295000 
4 7,4 022118 493000 4295000 
5 7,4 022017 493000 4295000 
6 7,4 021624 493000 4295000 
7 7,4 022120 493000 4295000 
8 7,3 021417 493000 4295000 
9 7,1 022015 493000 4295000 


10 7,1 021615 493000 4295000 
 


Tablo 6. Mart ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,8 032911 493000 4295000 
2 7,7 032724 493000 4295000 
3 7,7 032903 493000 4295000 
4 7,7 031215 493000 4295000 
5 7,7 032805 493000 4295000 
6 7,7 032813 493000 4295000 
7 7,7 031412 493000 4295000 
8 7,7 032821 493000 4295000 
9 7,7 032704 493000 4295000 


10 7,7 031216 493000 4295000 
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Tablo 7. Nisan ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,8 041311 493000 4295000 
2 7,8 042104 493000 4295000 
3 7,8 042619 493000 4295000 
4 7,7 042105 493000 4295000 
5 7,7 041401 493000 4295000 
6 7,7 041405 493000 4295000 
7 7,7 041607 493000 4295000 
8 7,7 042012 493000 4295000 
9 7,7 041524 493000 4295000 
10 7,7 042013 493000 4295000 


 
Tablo 8. Mayıs ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,8 050704 493000 4295000 
2 7,8 050517 493000 4295000 
3 7,8 050613 493000 4295000 
4 7,7 050610 493000 4295000 
5 7,7 052009 493000 4295000 
6 7,7 050606 493000 4295000 
7 7,7 050605 493000 4295000 
8 7,6 050512 493000 4295000 
9 7,5 051913 493000 4295000 
10 7,4 050609 493000 4295000 


 
Tablo 9. Haziran ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,6 060711 493000 4295000 
2 7,2 060710 493000 4295000 
3 6,5 060719 493500 4295000 
4 6,4 060720 493500 4295000 
5 6,4 060802 493000 4295000 
6 6,1 060722 493000 4295500 
7 6,0 060714 493500 4295000 
8 6,0 060711 493000 4295500 
9 6,0 060721 493500 4295000 
10 5,9 060721 493000 4295500 
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Tablo 11. Temmuz ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonu  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 5,1 070210 493000 4295000 
2 4,9 070209 493500 4295000 
3 4,7 070209 493000 4295000 
4 4,6 070210 493500 4295000 
5 4,5 070208 493500 4295000 
6 4,2 072412 496500 4293000 
7 4,2 072509 496500 4292000 
8 4,2 072707 497000 4292000 
9 4,1 072509 497000 4291500 
10 4,1 072509 496500 4291500 


 


Tablo 12. Ağustos ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,8 080812 493000 4295000 
2 7,7 080523 493000 4295000 
3 7,2 080524 493000 4295000 
4 6,8 080611 493000 4295000 
5 6,1 080811 493000 4295000 
6 6,0 080522 493000 4295500 
7 6,0 080813 493000 4295500 
8 6,0 080815 493000 4295500 
9 5,5 080601 493000 4295500 
10 5,2 080815 493500 4295000 


 
Tablo 13. Eylül ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 6,9 091924 493000 4295000 
2 6,2 091914 493000 4295500 
3 6,0 091913 493000 4295500 
4 6,0 092112 493000 4295500 
5 6,0 091618 493500 4295000 
6 5,9 091922 493000 4295500 
7 5,8 091618 493000 4295500 
8 5,8 091914 493500 4295000 
9 5,6 091921 493000 4295500 
10 5,6 092001 493000 4295500 
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Tablo 14. Ekim ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 6,9 100113 493000 4294500 
2 6,7 102312 493000 4295000 
3 6,7 102313 493000 4295000 
4 6,3 100202 493000 4294000 
5 6,3 100114 493000 4295000 
6 5,9 102214 493000 4295000 
7 5,8 100115 493000 4294500 
8 5,7 100111 493000 4294500 
9 5,7 100116 493000 4294500 
10 5,6 102322 493000 4295000 


 
Tablo 15. Kasım ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,7 112714 493000 4295000 
2 7,7 111714 493000 4295000 
3 7,5 112519 493000 4295000 
4 7,5 112801 493000 4295000 
5 7,4 112903 493000 4295000 
6 7,4 112802 493000 4295000 
7 7,3 112713 493000 4295000 
8 7,2 112719 493000 4295000 
9 7,1 112806 493000 4295000 
10 6,8 111712 493000 4294500 


 
Tablo 16. Aralık ayında hesaplanan en yüksek saatlik ortalama PM konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,8 120203 493000 4295000 
2 7,7 120212 493000 4295000 
3 7,7 121720 493000 4295000 
4 7,7 120211 493000 4295000 
5 7,7 120204 493000 4295000 
6 7,7 120410 493000 4295000 
7 7,7 120302 493000 4295000 
8 7,7 120123 493000 4295000 
9 7,6 121721 493000 4295000 
10 7,6 5121718 493000 4295000 
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ġekil 1. Yıllık ortalama PM konsantrasyonları, µg/m3 
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Tablo 17. Ocak ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 89,0 012516 493000 4295000 
2 88,9 012701 493000 4295000 
3 88,4 012703 493000 4295000 
4 86,1 012624 493000 4295000 
5 85,6 012518 493000 4295000 
6 84,7 012704 493000 4295000 
7 84,4 012124 493000 4295000 
8 82,7 012606 493000 4294000 
9 81,5 012522 493000 4295000 
10 81,2 012206 493000 4295000 


 
Tablo 18. ġubat ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 88,9 022708 493000 4295000 
2 88,6 021417 493000 4295000 
3 88,3 021419 493000 4295000 
4 87,9 021420 493000 4295000 
5 87,4 022707 493000 4295000 
6 86,6 021418 493000 4295000 
7 85,5 021412 493000 4295000 
8 84,4 021404 493500 4294000 
9 83,7 022214 493000 4295000 
10 82,4 021505 493000 4294000 


 


Tablo 19. Mart ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 89,4 032813 493000 4295000 
2 89,3 032806 493000 4295000 
3 89,3 032808 493000 4295000 
4 89,2 032910 493000 4295000 
5 89,2 032821 493000 4295000 
6 89,1 032811 493000 4295000 
7 89,1 032809 493000 4295000 
8 89,0 032701 493000 4295000 
9 89,0 032624 493000 4295000 
10 89,0 032705 493000 4295000 
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Tablo 20. Nisan ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 91,3 041311 493000 4295000 
2 89,6 041613 493000 4295000 
3 89,5 042121 493000 4295000 
4 89,0 042104 493000 4295000 
5 89,0 042012 493000 4295000 
6 88,8 041606 493000 4295000 
7 88,8 042122 493000 4295000 
8 88,7 042619 493000 4295000 
9 88,6 041612 493000 4295000 
10 88,0 041524 493000 4295000 


 
Tablo 21. Mayıs ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 89,8 050613 493000 4295000 
2 89,7 050517 493000 4295000 
3 89,4 050610 493000 4295000 
4 86,9 050704 493000 4295000 
5 84,7 050606 493000 4295000 
6 83,7 050605 493000 4295000 
7 83,7 052009 493000 4295000 
8 81,1 050612 493000 4295000 
9 79,6 050512 493000 4295000 
10 77,9 050609 493000 4295000 


 
Tablo 22. Haziran ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 81,1 060711 493000 4295000 
2 75,3 060710 493000 4295000 
3 73,9 060719 493500 4295000 
4 69,2 060720 493500 4295000 
5 67,1 060721 493000 4295500 
6 67,0 060720 493000 4295500 
7 65,3 060719 493000 4295500 
8 64,9 060722 493000 4295500 
9 64,7 060711 493000 4295500 
10 62,5 060721 493500 4295000 







  
 


Rapor No: RPR/10/016  Sayfa no: 16 / 53 
 


Tablo 23. Temmuz ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 43,8 072509 496500 4292000 
2 43,1 072509 496500 4291500 
3 42,9 072509 497000 4292000 
4 42,3 072509 497000 4291500 
5 42,0 072509 496000 4292000 
6 41,4 072820 495500 4293000 
7 40,9 073013 495500 4293500 
8 40,7 072920 495500 4293000 
9 40,6 072701 497000 4292000 
10 40,3 072707 497000 4292000 


 
Tablo 24. Ağustos ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 82,9 080812 493000 4295000 
2 82,0 080523 493000 4295000 
3 72,1 080524 493000 4295000 
4 68,1 080811 493000 4295000 
5 66,0 080611 493000 4295000 
6 65,1 080815 493000 4295500 
7 61,9 080522 493000 4295500 
8 60,6 080813 493000 4295500 
9 57,9 080523 493000 4295500 
10 57,1 080812 493000 4295500 


 
Tablo 25. Eylül ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 67,5 091924 493000 4295000 
2 67,4 091618 493000 4295500 
3 66,8 091914 493000 4295500 
4 66,7 091922 493000 4295500 
5 65,7 091618 493500 4295000 
6 62,0 092112 493000 4295500 
7 61,3 091913 493000 4295500 
8 60,5 091922 493500 4295000 
9 58,9 091914 493500 4295000 
10 58,3 092001 493000 4295500 
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Tablo 26. Ekim ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 84,3 100114 493000 4295000 
2 80,8 100113 493000 4295000 
3 78,4 100202 493000 4294000 
4 76,3 100113 493000 4294500 
5 70,7 100115 493000 4294500 
6 69,3 100111 493000 4294500 
7 67,2 102312 493000 4295000 
8 67,1 100116 493000 4294500 
9 65,6 102313 493000 4295000 
10 65,1 100115 493000 4295000 


 
Tablo 27. Kasım ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 86,8 111714 493000 4295000 
2 85,3 112714 493000 4295000 
3 83,6 112424 493500 4294000 
4 81,4 112509 493000 4295000 
5 81,2 112519 493000 4295000 
6 81,1 111704 493000 4295000 
7 81,0 112716 493000 4295000 
8 80,9 112705 493000 4295000 
9 80,0 112704 493000 4295000 
10 79,9 112801 493000 4295000 


 


Tablo 28. Aralık ayında hesaplanan en yüksek saatlik ortalama SO2 konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 89,7 120113 493000 4295000 
2 89,6 120212 493000 4295000 
3 89,6 120211 493000 4295000 
4 89,5 120202 493000 4295000 
5 89,4 120416 493000 4295000 
6 89,4 120215 493000 4295000 
7 89,1 121712 493000 4295000 
8 89,0 121721 493000 4295000 
9 89,0 122922 493000 4295000 
10 88,8 121718 493000 4295000 
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ġekil 2. Yıllık ortalama SO2 konsantrasyonları, µg/m3 


 







 


Rapor No: RPR/10/016  Sayfa no: 19 / 53 
 


Tablo 29. Ocak ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 115,8 012119 493000 4295000 
2 112,2 012824 493000 4295000 
3 109,0 012206 493000 4295000 
4 104,8 010104 493000 4295000 
5 104,2 012017 493000 4295000 
6 101,3 012624 493000 4295000 
7 100,5 012104 493000 4294500 
8 100,1 012623 493000 4295000 
9 99,5 012118 493000 4294500 
10 99,4 012201 493000 4294500 


 
Tablo 30. ġubat ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 117,9 022515 493000 4295000 
2 116,0 022101 493000 4295000 
3 115,7 022505 493000 4295000 
4 115,6 021724 493000 4295000 
5 115,5 020118 493000 4295000 
6 113,1 022009 493000 4295000 
7 112,9 022016 493000 4295000 
8 112,2 022118 493000 4295000 
9 112,2 021624 493000 4295000 
10 112,1 022207 493000 4295000 


 
Tablo 31. Mart ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 118,6 032905 493000 4295000 
2 117,5 030807 493000 4295000 
3 116,3 031212 493000 4295000 
4 116,3 031322 493000 4295000 
5 114,9 032613 493000 4295000 
6 114,8 031214 493000 4295000 
7 114,6 031213 493000 4295000 
8 113,1 030724 493000 4295000 
9 112,9 031401 493000 4295000 
10 107,9 031412 493000 4295000 
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Tablo 32. Nisan ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 118,8 041402 493000 4295000 
2 114,8 041702 493000 4295000 
3 114,7 042106 493000 4295000 
4 112,6 041623 493000 4295000 
5 110,0 041014 493000 4295000 
6 108,9 042005 493000 4295000 
7 107,5 042114 493500 4295000 
8 106,5 042113 493000 4294500 
9 105,3 041707 493500 4295000 
10 104,4 041312 493500 4295000 


 
Tablo 33. Mayıs ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 122,2 050911 493000 4295000 
2 120,9 051913 493000 4295000 
3 119,8 050912 493000 4295000 
4 116,7 050609 493000 4295000 
5 116,4 053119 493000 4295000 
6 113,9 050904 493000 4295000 
7 113,2 050512 493000 4295000 
8 109,3 052009 493000 4295000 
9 108,3 050605 493000 4295000 
10 108,0 050704 493000 4295000 


 
Tablo 34. Haziran ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 116,2 060802 493000 4295000 
2 115,5 060710 493000 4295000 
3 101,9 060722 493500 4295000 
4 98,9 060720 493500 4295000 
5 98,9 060708 493000 4295500 
6 94,7 060710 493000 4295500 
7 94,6 060711 493500 4295000 
8 91,0 060711 493000 4295500 
9 90,0 060708 493500 4295000 
10 88,4 061814 496500 4293000 
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Tablo 35. Temmuz ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 111,6 070210 493500 4295000 
2 108,1 070209 493500 4295000 
3 92,9 070208 493500 4295500 
4 90,9 070210 493000 4295500 
5 90,9 072019 497000 4292000 
6 90,3 070917 496500 4293000 
7 89,9 072115 496500 4293000 
8 89,9 073117 496500 4293000 
9 89,7 073116 496500 4293000 
10 89,3 072216 496500 4293000 


 
Tablo 36. Ağustos ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 126,4 080611 493000 4295000 
2 122,2 080524 493000 4295000 
3 115,9 080523 493000 4295000 
4 115,8 080812 493000 4295000 
5 113,5 080610 493000 4295000 
6 111,5 081710 493000 4295000 
7 107,7 080709 493000 4295000 
8 103,4 080813 493500 4295000 
9 102,6 080522 493500 4295000 
10 99,3 080811 493000 4294500 


 
Tablo 37. Eylül ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 123,6 091924 493000 4295000 
2 105,8 091914 493500 4295000 
3 104,3 091913 493500 4295000 
4 103,1 092112 493500 4295000 
5 101,2 092209 493000 4295000 
6 95,6 091913 493000 4295500 
7 93,7 092112 493000 4295500 
8 92,0 091915 493500 4295500 
9 90,1 092209 493000 4295500 
10 88,8 092010 493500 4295500 
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Tablo 38. Ekim ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 122,3 102313 493000 4295000 
2 117,1 102312 493000 4295000 
3 116,2 102322 493000 4295000 
4 98,7 102214 493000 4295500 
5 97,4 102314 493000 4295500 
6 97,2 102312 493000 4295500 
7 96,3 102311 493000 4295500 
8 93,5 102413 493500 4295000 
9 91,9 100113 493000 4294500 
10 87,2 100118 493000 4294000 


 
Tablo 39. Kasım ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 118,5 112713 493000 4295000 
2 118,3 112719 493000 4295000 
3 115,0 112903 493000 4295000 
4 114,0 112806 493000 4295000 
5 113,9 112905 493000 4295000 
6 110,6 112802 493000 4295000 
7 109,2 112801 493000 4295000 
8 105,6 112715 493000 4294500 
9 104,4 112708 493500 4295000 
10 103,2 112518 493500 4295000 


 


Tablo 40. Aralık ayında hesaplanan en yüksek saatlik ortalama NOX konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 120,6 120121 493000 4295000 
2 118,4 120311 493000 4295000 
3 116,1 120119 493000 4295000 
4 115,7 120418 493000 4295000 
5 115,2 120120 493000 4295000 
6 112,4 121719 493000 4295000 
7 111,0 120407 493000 4295000 
8 111,0 120123 493000 4295000 
9 107,8 121707 493000 4295000 
10 105,9 121720 493000 4295000 
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ġekil 3. Yıllık ortalama NO2 konsantrasyonları, µg/m3 
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Tablo 41. Ocak ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,3 012824 493000 4295000 
2 7,0 012119 493000 4295000 
3 6,7 012514 493000 4294000 
4 6,7 012206 493000 4295000 
5 6,7 012115 493000 4294000 
6 6,7 012116 493000 4294000 
7 6,6 012113 493000 4294000 
8 6,6 012507 493000 4294000 
9 6,6 012111 493000 4294000 
10 6,5 012624 493000 4295000 


 
Tablo 42. ġubat ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,3 022515 493000 4295000 
2 7,3 022505 493000 4295000 
3 7,2 022207 493000 4295000 
4 7,1 021624 493000 4295000 
5 7,1 021620 493000 4295000 
6 7,1 021724 493000 4295000 
7 7,1 021914 493000 4295000 
8 7,1 022208 493000 4295000 
9 7,0 022101 493000 4295000 
10 7,0 020118 493000 4295000 


 
Tablo 43. Mart ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,4 032613 493000 4295000 
2 7,3 032905 493000 4295000 
3 7,2 031213 493000 4295000 
4 7,2 030724 493000 4295000 
5 7,2 031401 493000 4295000 
6 7,2 031322 493000 4295000 
7 7,1 030807 493000 4295000 
8 7,1 031214 493000 4295000 
9 7,0 031212 493000 4295000 
10 6,7 032013 496500 4292500 
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Tablo 44. Nisan ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,4 041702 493000 4295000 
2 7,3 041623 493000 4295000 
3 7,3 041402 493000 4295000 
4 7,1 041309 493500 4295000 
5 6,9 041312 493500 4295000 
6 6,9 041705 493000 4294000 
7 6,9 041710 493000 4294000 
8 6,9 042106 493000 4295000 
9 6,8 041708 493000 4294000 
10 6,8 041405 493000 4295000 


 
Tablo 45. Mayıs ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,6 051913 493000 4295000 
2 7,6 053119 493000 4295000 
3 7,5 050911 493000 4295000 
4 7,5 050912 493000 4295000 
5 7,4 050512 493000 4295000 
6 7,4 050722 493000 4295000 
7 7,3 050904 493000 4295000 
8 7,3 050609 493000 4295000 
9 7,1 052009 493000 4295000 
10 7,0 050605 493000 4295000 


 
Tablo 46. Haziran ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,6 060710 493000 4295000 
2 7,5 060802 493000 4295000 
3 6,5 060722 493500 4295000 
4 6,3 060715 494000 4295000 
5 6,2 060708 493000 4295500 
6 6,2 060720 493500 4295000 
7 6,2 062411 497000 4292000 
8 6,2 060714 494000 4295000 
9 6,0 061915 497000 4292000 
10 6,0 060710 493000 4295500 
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Tablo 47. Temmuz ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonu 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 8,0 070210 493500 4295000 
2 7,3 070209 493500 4295000 
3 6,7 070208 493500 4295500 
4 6,6 070210 493000 4295500 
5 6,5 070210 493000 4295000 
6 6,2 070210 493000 4294500 
7 6,2 071011 497000 4292000 
8 6,1 070208 493000 4295000 
9 6,1 071012 497000 4292000 
10 6,1 071019 497000 4292000 


 
Tablo 48. Ağustos ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,9 080611 493000 4295000 
2 7,7 080524 493000 4295000 
3 7,3 080812 493000 4295000 
4 7,3 080523 493000 4295000 
5 7,3 080610 493000 4295000 
6 6,7 080811 493000 4294500 
7 6,7 080813 493500 4295000 
8 6,6 080522 493500 4295000 
9 6,3 080709 493000 4295000 
10 6,3 080813 493000 4295500 


 
Tablo 49. Eylül ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,7 091924 493000 4295000 
2 6,9 091412 496500 4292000 
3 6,8 091914 493500 4295000 
4 6,7 091913 493500 4295000 
5 6,6 091412 497000 4292000 
6 6,6 092112 493500 4295000 
7 6,3 091913 493000 4295500 
8 6,2 092209 493000 4295000 
9 6,1 091915 493000 4295000 
10 6,1 092112 493000 4295500 
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Tablo 50. Ekim ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,6 102312 493000 4295000 
2 7,6 102313 493000 4295000 
3 7,1 100118 493000 4294000 
4 7,0 100117 493000 4294000 
5 7,0 102322 493000 4295000 
6 7,0 100111 493000 4294000 
7 7,0 100121 493000 4294000 
8 6,9 100124 493000 4294000 
9 6,9 100122 493000 4294000 
10 6,7 100110 493000 4294000 


 
Tablo 51. Kasım ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,4 112806 493000 4295000 
2 7,4 112713 493000 4295000 
3 7,4 112903 493000 4295000 
4 7,4 112719 493000 4295000 
5 7,3 112905 493000 4295000 
6 7,2 112802 493000 4295000 
7 7,1 112801 493000 4295000 
8 6,7 112417 493000 4294000 
9 6,7 112410 493000 4294000 
10 6,7 112406 493000 4294000 


 


Tablo 52. Aralık ayında hesaplanan en yüksek saatlik ortalama CO konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7,5 120119 493000 4295000 
2 7,4 120121 493000 4295000 
3 7,2 120311 493000 4295000 
4 7,2 120418 493000 4295000 
5 7,2 120120 493000 4295000 
6 7,0 120407 493000 4295000 
7 7,0 121719 493000 4295000 
8 6,9 120123 493000 4295000 
9 6,8 120714 493000 4294000 
10 6,8 120723 493000 4294000 
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ġekil 4. Yıllık ortalama CO konsantrasyonları, µg/m3 
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Tablo 53. Ocak ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 5408,1 010609 494500 4294000 
2 5259,7 011420 494500 4294000 
3 4751,3 011919 494500 4294000 
4 4741,5 011309 495000 4294000 
5 4732,9 011004 495000 4294000 
6 4727,9 011312 495000 4294000 
7 4715,0 011921 495000 4294000 
8 4714,8 010704 495000 4294000 
9 4710,8 011304 495000 4294000 
10 4710,8 011209 495000 4294000 


 
Tablo 54. ġubat ayında hesaplanan en yüksek saatlik ortalama VOC  konsantrasyonları 


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 7066,3 022820 495000 4293500 
2 7039,8 022824 495500 4294000 
3 6843,7 022821 495000 4293500 
4 6065,7 022824 496000 4294000 
5 5578,2 022824 495000 4294000 
6 5070,3 022824 496500 4294000 
7 4995,3 022820 494500 4294000 
8 4980,1 022823 495500 4294500 
9 4961,6 022816 495000 4293500 
10 4916,3 022821 495500 4293000 


 
Tablo 55. Mart ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 8118,4 031810 495000 4293500 
2 7009,8 031804 495000 4294000 
3 6794,6 031803 495000 4294000 
4 6729,6 031806 495000 4294000 
5 5848,4 031801 495500 4293500 
6 5445,9 031810 495500 4293000 
7 5432,0 031811 495500 4293500 
8 4850,0 031103 494500 4294000 
9 4741,5 030105 495000 4294000 
10 4741,5 032608 495000 4294000 







 


Rapor No: RPR/10/016  Sayfa no: 30 / 53 
 


Tablo 56. Nisan ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 5449,9 041302 494500 4294000 
2 4851,3 041108 495000 4294000 
3 4797,5 041304 494500 4294000 
4 4770,9 041303 494500 4294000 
5 4740,1 042708 495000 4294000 
6 4717,1 041204 495000 4294000 
7 4624,5 043003 495000 4294000 
8 4533,2 041110 495000 4293500 
9 4521,6 041103 495000 4294000 
10 4516,9 040722 495000 4294000 


 
Tablo 57. Mayıs ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 5312,4 050801 494500 4294000 
2 4780,7 051022 494500 4294000 
3 4730,3 053124 494500 4294000 
4 4724,2 050405 495000 4294000 
5 4721,9 051803 495000 4294000 
6 4710,8 051209 495000 4294000 
7 4672,9 050207 495000 4294000 
8 4648,4 051701 495000 4294000 
9 4621,9 052824 495000 4294000 
10 4609,9 051104 494500 4294000 


 
Tablo 58. Haziran ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4803,0 061103 494500 4294000 
2 4776,2 061104 494500 4294000 
3 4556,8 060604 495000 4294000 
4 4475,8 060707 494500 4294000 
5 4474,5 061822 495000 4294000 
6 4473,8 061202 495000 4294000 
7 4405,9 061208 495000 4294000 
8 4362,6 061002 494500 4294000 
9 4256,0 061004 494500 4294000 
10 4223,2 060103 494500 4294000 
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Tablo 59. Temmuz ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonu  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4798,2 070305 494500 4294000 
2 4727,9 070121 495000 4294000 
3 4653,1 071222 495000 4294000 
4 4621,9 070303 495000 4294000 
5 4592,2 072008 495000 4294000 
6 4585,2 070223 494500 4294000 
7 4515,3 071104 495000 4294000 
8 4362,6 071207 494500 4294000 
9 4361,9 071802 495000 4294000 
10 4350,1 071202 494500 4294000 


 
Tablo 60. Ağustos ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4715,0 080421 495000 4294000 
2 4609,9 082423 494500 4294000 
3 4524,7 082004 495000 4294000 
4 4504,5 080606 494500 4294000 
5 4436,2 080509 495000 4293500 
6 4405,3 080507 494500 4294000 
7 4313,9 082606 495000 4293500 
8 4298,1 080407 494500 4294000 
9 4277,4 080703 495000 4294000 
10 4174,5 082003 495000 4294000 


 
Tablo 61. Eylül ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4734,9 091503 494500 4294000 
2 4677,5 091806 495000 4294000 
3 4677,5 093001 495000 4294000 
4 4574,8 091306 495000 4294000 
5 4556,8 091701 495000 4294000 
6 4486,9 092923 495000 4294000 
7 4486,9 093021 495000 4294000 
8 4455,0 091201 495000 4294000 
9 4447,7 092804 495000 4294000 
10 4405,9 092622 495000 4294000 
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Tablo 62. Ekim ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4741,5 101501 495000 4294000 
2 4741,5 101803 495000 4294000 
3 4724,2 101821 495000 4294000 
4 4710,8 102208 495000 4294000 
5 4648,4 102207 495000 4294000 
6 4559,3 101808 495000 4294000 
7 4559,2 100304 494500 4294000 
8 4556,8 101422 495000 4294000 
9 4526,2 102810 495000 4294000 
10 4504,5 102303 494500 4294000 


 
Tablo 63. Kasım ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4764,8 112209 494500 4294000 
2 4733,6 110507 495000 4294000 
3 4727,9 112614 495000 4294000 
4 4716,3 112606 494500 4294000 
5 4693,3 112206 495000 4294000 
6 4672,9 112617 495000 4294000 
7 4516,9 113006 495000 4294000 
8 4485,0 112309 494500 4294000 
9 4394,6 110202 495000 4293500 
10 4394,6 110803 495000 4293500 


 


Tablo 64. Aralık ayında hesaplanan en yüksek saatlik ortalama VOC konsantrasyonları  


Sıra No Konsantrasyon 
(µg/m3) 


Görüldüğü Tarih 
(AAGGSS) X Koordinatı (m) Y Koordinatı (m) 


1 4794,2 120519 494500 4294000 
2 4746,3 121515 494500 4294000 
3 4736,7 121410 495000 4294000 
4 4736,7 120605 495000 4294000 
5 4724,2 120902 495000 4294000 
6 4724,2 122604 495000 4294000 
7 4715,0 121405 495000 4294000 
8 4658,8 121519 495000 4294000 
9 4655,7 122108 494500 4294000 
10 4585,2 122118 494500 4294000 
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ġekil 5. Yıllık ortalama VOC konsantrasyonları, µg/m3 
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2.3. Hava Kalitesi Ölçüm Sonuçları 
 
PETKĠM PETROKĠMYA HOLDĠNG A.ġ.’de Yönetmeliğe göre baca yüksekliğinin 50 
katı yarıçaplı alan olarak tanımlanan tesis etki alanı, çok daha geniĢ bir bölge olarak 
belirlenmiĢ, bu alan içerisinde ve tesis içinde hava kalitesine değiĢik rüzgar yönlerinin 
etkisini görecek Ģekilde farklı noktalarda hava kalitesi ölçümleri yapılmıĢtır.  
 
Hava kalitesi ölçümü yapılan noktaların koordinatları ve bu noktalarda ölçülen 
parametreler aĢağıda Tablo 65’de verilmiĢtir. Bu noktaların seçiminde her ne kadar 
kaynaklardan uzak olmaya çalıĢılmıĢsa da bölgedeki tesislerin çok yoğun olması 
nedeniyle, ölçüm noktaları bölgedeki diğer tesislerin de etkisinde kalmaktadır. Özellikle 
PETKĠM ile aynı emisyonlara sahip, benzer büyüklükteki TÜPRAġ Rafinerisinin 
emisyonları da ölçüm noktalarını etkilemektedir. Ölçüm noktalarının tesise göre 
konumları ġekil 6’da verilmiĢtir. 
 
Hava kalitesi ölçümleri pasif örnekleyiciler kullanılarak birer haftalık örnekleme 
sürelerinde sekiz hafta boyunca sürdürülmüĢtür. Ölçüm süreleri, baĢlangıç ve bitiĢ 
tarihleri Tablo 66’da verilmiĢtir. Ġlk ölçümler 6 Kasım 2009 ile 7 Ocak 2010 arasında 
gerçekleĢtirilmiĢtir. Bu ölçüm sonuçlarının Bakanlık tarafından değerlendirilmesinde tesis 
içindeki noktalarda tekrar VOC ölçümleri istenmiĢ olduğundan altı noktada 12 Nisan 2010 
- 7 Haziran 2010 tarihleri arasında sekiz hafta boyunca VOC ölçümleri tekrarlanmıĢtır.  
 
Tesis etki alanında ölçülen kirleticilerden SO2 ölçüm sonuçları Tablo 67’de, NO2 ölçüm 
sonuçları Tablo 68’de, Çöken toz ölçüm sonuçları Tablo 69’da verilmiĢtir.  
 
PETKĠM’in hava kalitesi ölçüm aracındaki sürekli toz ölçüm cihazı (PM10) ile de havadaki 
PM10 konsantrasyonları anlık olarak ölçülmüĢ, günlük ortalamalar hesaplanmıĢtır. 2010 yılı 
Mart-Nisan-Mayıs aylarında gerçekleĢtirilen ölçümlerin sonuçları Tablo 70’de verilmiĢtir.  
 


Tesis etki alanında 12 noktada ölçülen toplam uçucu organik bileĢikler (VOC) ölçüm 
sonuçları Tablo 71’de verilmiĢtir.  
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Tablo 65. Hava kalitesi ölçümü yapılan noktalar ve ölçülen parametreler.  


Nokta No 
Koordinat Ölçülen parametre 


X Y VOC SO2 NO2 Çöken Toz PM10 


1 495835 – 4292825 X X X   
2 496671 – 4288967 X X X   
3 497848 – 4293176 X X X   
4 497632 – 4295265 X X X   
5 491994 – 4295767 X X X   
6 495000 – 4293035 X X X   
7 494721 – 4293907 X X X   
8 493632 – 4293927 X X X   
9 493957 – 4292547 X X X   
10 494646 – 4293125 X X X   
11 494163 – 4293558 X X X   
12 493255 – 4289612 X X X   


ÇK1 493469 – 4292235    X  
ÇK2 494096 – 4294260    X  
PM10 494273 – 4292400     X 


 
 
Tablo 66. Hava kalitesi ölçümlerinde örnekleme süreleri  


Ölçüm 
süreleri 


Birinci Dönem 
(1,2,3,4,5 ve 12 numaralı Noktalar) 


Ġkinci Dönem 
(6,7,8,9,10 ve 11 numaralı Noktalar) 


BaĢlangıç BitiĢ BaĢlangıç BitiĢ 
1. Hafta 06 Kasım 2009 13 Kasım 2009 12 Nisan 2010 19 Nisan 2010 
2. Hafta 13 Kasım 2009 20 Kasım 2009 19 Nisan 2010 26 Nisan 2010 
3. Hafta 20 Kasım 2009 01 Aralık 2009 26 Nisan 2010 03 Mayıs 2010 
4. Hafta 01 Aralık 2009 08 Aralık 2009 03 Mayıs 2010 10 Mayıs 2010 
5. Hafta 08 Aralık 2009 18 Aralık 2009 10 Mayıs 2010 17 Mayıs 2010 
6. Hafta 18 Aralık 2009 25 Aralık 2009 17 Mayıs 2010 24 Mayıs 2010 
7. Hafta 25 Aralık 2009 31 Aralık 2009 24 Mayıs 2010 31 Mayıs 2010 
8. Hafta 31 Aralık 2009 07 Ocak 2010 31 Mayıs 2010  07 Haziran 2010 
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ġekil 6. Tesis etki alanında hava kalitesi ölçümü yapılan noktalar  
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Tablo 67. Tesis etki alanında pasif örnekleme ile ölçülen SO2 ölçüm sonuçları  
(haftalık ortalama, µg/m3) 


Ölçüm noktası 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


NOKTA-1 18 67 61 66 27 29 35 30 42 
NOKTA-2 104 54 51 98 28 12 9 29 48 
NOKTA-3 92 61 31 32 25 29 12 29 39 
NOKTA-4 56 63 55 43 29 13 34 29 40 
NOKTA-5 42 76 51 55 12 7 34 29 38 
NOKTA-6 61 53 33 46 33 12 9 29 35 
NOKTA-7 60 114 44 53 14 29 35 29 47 
NOKTA-8 94 55 69 104 37 9 35 29 54 
NOKTA-9 64 110 46 89 35 16 11 38 51 
NOKTA-10 90 92 126 75 22 29 35 30 62 
NOKTA-11 126 127 72 51 58 8 10 30 60 
NOKTA-12 42 78 94 58 29 29 9 30 46 


ORTALAMA 71 79 61 64 29 19 22 30 47 
 
 
Bu tablolarda, her noktada sekiz haftada ölçülen değerlerin aritmetik ortalaması o nokta 
için UVD değeri olarak belirtilmiĢtir. 
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Tablo 68. Tesis etki alanında pasif örnekleme ile ölçülen NO2 ölçüm sonuçları  
(haftalık ortalama, µg/m3) 


Ölçüm noktası 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


NOKTA-1 9 5 10 11 9 12 14 18 11 
NOKTA-2 17 13 15 12 5 10 11 16 12 
NOKTA-3 5 11 12 7 5 8 10 8 8 
NOKTA-4 13 7 14 14 7 5 9 9 10 
NOKTA-5 10 3 4 3 2 3 4 4 4 
NOKTA-6 9 14 14 8 5 19 19 13 13 
NOKTA-7 28 16 15 9 4 12 17 12 14 
NOKTA-8 15 3 10 15 3 5 7 13 9 
NOKTA-9 27 19 15 20 8 10 20 17 17 
NOKTA-10 14 17 22 12 3 6 9 13 12 
NOKTA-11 11 13 16 9 6 12 12 11 11 
NOKTA-12 16 15 22 24 14 21 28 14 19 


ORTALAMA 15 11 14 12 6 10 13 12 12 
 


 


Tablo 69. Tesis içinde iki noktada ölçülen çöken toz ölçüm sonuçları (mg/m2-gün)  
 


Ölçüm noktası BaĢlangıç Tarihi BitiĢ Tarihi 
Ölçülen Değer 
(mg/m2-gün) 


ÇT-1 Ġskele 4 12.04.2010 12.05.2010 303 
ÇT-2 Kablo Sahası 12.04.2010 12.05.2010 240 
        
ÇT-1 Ġskele 4 12.05.2010 14.06.2010 176 
ÇT-2 Kablo Sahası 12.05.2010 14.06.2010 216 
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Tablo 70. Tesis içinde bir noktada ölçülen PM10 ölçüm sonuçları (µg/m3) 
 


Tarih 
 


PM10 
(µg/m3) 


Tarih 
 


PM10 
(µg/m3) 


Tarih 
 


PM10 
(µg/m3) 


01.03.2010 42 01.04.2010  - 01.05.2010 41 
02.03.2010 46 02.04.2010  - 02.05.2010 47 
03.03.2010 28 03.04.2010  - 03.05.2010 50 
04.03.2010 51 04.04.2010  - 04.05.2010 58 
05.03.2010 55 05.04.2010  - 05.05.2010 61 
06.03.2010 26 06.04.2010  - 06.05.2010 55 
07.03.2010 25 07.04.2010  - 07.05.2010 71 
08.03.2010 47 08.04.2010  - 08.05.2010 61 
09.03.2010 64 09.04.2010  - 09.05.2010 54 
10.03.2010 26 10.04.2010 26 10.05.2010 44 
11.03.2010 49 11.04.2010 39 11.05.2010 44 
12.03.2010 35 12.04.2010 33 12.05.2010 50 
13.03.2010 31 13.04.2010 41 13.05.2010 76 
14.03.2010 29 14.04.2010 56 14.05.2010 71 
15.03.2010 36 15.04.2010 51 15.05.2010 76 
16.03.2010 48 16.04.2010 87 16.05.2010 53 
17.03.2010 37 17.04.2010 89 17.05.2010 35 
18.03.2010 36 18.04.2010 52 18.05.2010 48 
19.03.2010 44 19.04.2010 59 19.05.2010 31 
20.03.2010 48 20.04.2010 56 20.05.2010 27 
21.03.2010 38 21.04.2010 31 21.05.2010 40 
22.03.2010 47 22.04.2010 45 22.05.2010 26 
23.03.2010 58 23.04.2010 50 23.05.2010 34 
24.03.2010 84 24.04.2010 63 24.05.2010 41 
25.03.2010 41 25.04.2010 43 25.05.2010 - 
26.03.2010 47 26.04.2010 46 26.05.2010 - 
27.03.2010 58 27.04.2010 42 27.05.2010 - 
28.03.2010 44 28.04.2010 36 28.05.2010 - 
29.03.2010 45 29.04.2010 35 29.05.2010 - 
30.03.2010 33 30.04.2010 31 30.05.2010 - 
31.03.2010  - 


 
  31.05.2010 - 


En yüksek 84 En yüksek 89 En yüksek 76 


En düşük 25 En düşük 26 En düşük 26 


Ortalama 43 Ortalama 48 Ortalama 50 
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Tablo 71. Tesis etki alanında pasif örnekleme ile ölçülen toplam VOC ölçüm sonuçları 
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


NOKTA-1 18 23 133 82 98 85 24 144 76 
NOKTA-2 43 26 176 116 137 116 41 195 106 
NOKTA-3 11 12 39 28 31 28 13 44 26 
NOKTA-4 17 16 44 34 36 34 19 51 32 
NOKTA-5 67 35 110 88 29 49 272 20 84 
NOKTA-6 111 278 69 223 170 172 251 160 179 
NOKTA-7 108 249 64 192 282 204 230 143 184 
NOKTA-8 119 239 80 163 375 239 216 176 201 
NOKTA-9 136 299 84 264 285 172 289 195 215 
NOKTA-10 113 264 67 235 352 226 272 274 225 
NOKTA-11 117 212 84 250 478 205 246 284 235 
NOKTA-12 24 37 97 108 34 26 104 9 55 


ORTALAMA 74 141 87 149 192 130 165 141 135 
 


 
Bu hava kalitesi ölçüm çalıĢmasında tesis etki alanında ölçülen uçucu organik bileĢikler listesi 
Tablo 72’de verilmiĢtir. Her örnekte bu bileĢikler analizlenmiĢ, tespit edilen bileĢiklerin 
konsantrasyonlarının toplamları toplam VOC olarak verilmiĢ, Yönetmeliğin istediği ve ayrı 
sınır değerler verdiği  Benzen, Toluen, Ksilen, Olefinler, Etilbenzen, Ġzopropil benzen ve 
trimetil benzen bileĢiklerinin ölçüm sonuçları da Tablo 73-Tablo 79 arasındaki tablolarda ayrı 
ayrı verilmiĢtir. 
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Tablo 72. ÇalıĢmada analizlenen uçucu organik bileĢik türleri 
 
cis-1,2-Dichloroethene Isopropylbenzene 2,3-Dimethylpentane 
2,2-Dichloropropane Bromobenzene 3-Methylhexane 
Bromochloromethane 2-Chlorotoluene 2,2,4-Trimethylpentane 
Chloroform Propylbenzene n-Heptane 
1,1,1-Trichloroethane 4-Chlorotoluene Methylcyclohexane 
1,2-Dichloroethane 1,2,4-Trimethylbenzene 2,3,4-Trimethylpentane 
1,1-Dichloropropene tert-butylbenzene 2-Methylheptane 
Benzene 1,3,5-Trimethylbenzene Toluene 
Carbon tetrachloride 1,4-Dichlorobenzene 3-Methylheptane 
Trichloroethene sec-butylbenzene n-Octane 
Dibromomethane 1,2-Dichlorobenzene Ethylbenzene 
Bromodichloromethane p-Isopropyltoluene p-Xylene 
cis-1,3-Dichloropropene 1,3-Dichlorobenzene Styrene 
Methyl isobutyl ketone n-butylbenzene o,m-Xylene 
Toluene 1,2-Dibromo-3-chloropr... n-Nonane 
1,1,2-Trichloroethane 1,2,4-Trichlorobenzene Isopropylbenzene 
1,3-Dichloropropane Naphthalene n-Propylbenzene 
Dibromochloromethane 1,2,3-Trichlorobenzene m-Ethyltoluene 
1,2-Dibromoethane Hexachlorobutadiene p-Ethyltoluene 
Tetrachloroethene Isopentene 1,2,4-Trimethylbenzene 
Butyl acetate 1-Pentene o-Ethyltoluene 
Chlorobenzene n-Pentane 1,3,5-Trimethylbenzene 
1,1,1,2-Tetrachloroethane trans-2-Pentene n-Decane 
Ethylbenzene Isoprene 1,2,3-Trimethylbenzene 
p-Xylene cis-2-Pentene m-Diethylbenzene 
Bromoform 3-Methylpentane p-Diethylbenzene 
Styrene n-Hexane n-Undecane 
o,m-Xylene 2,4-Dimethylpentane  
1,1,2,2-Tetrachloroethane Methylcyclopentane  
trans-1,3-Dichloropropene Benzene  
1,2,3-Trichloropropane 2-Methylhexane  
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Tablo 73. Tesis etki alanında pasif örnekleme ile ölçülen benzen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 1,0 1,7 2,0 2,0 1,8 2,0 1,6 2,6 1,8 
NOKTA-2 1,5 2,3 2,3 2,5 2,1 2,5 2,2 3,0 2,3 
NOKTA-3 0,9 1,6 2,2 2,0 1,9 2,0 1,5 2,7 1,8 
NOKTA-4 1,0 2,0 3,0 2,6 2,5 2,6 1,7 3,6 2,4 
NOKTA-5 4,5 1,6 3,2 3,8 0,7 5,3 4,1 1,7 3,1 
NOKTA-6 3,8 3,5 2,0 4,3 5,2 4,7 5,7 5,1 4,3 


NOKTA-7 4,0 4,3 1,9 12,3 44,6 24,7 7,4 38,0 17,2 


NOKTA-8 4,6 3,2 3,2 3,6 15,3 7,3 5,8 8,0 6,4 


NOKTA-9 6,3 4,7 2,6 7,5 71,5 5,2 7,1 20,1 15,6 


NOKTA-10 4,2 3,5 2,2 7,2 9,3 6,7 6,2 10,0 6,2 


NOKTA-11 5,0 5,0 12,0 34,3 67,7 10,1 7,4 52,1 24,2 


NOKTA-12 1,3 3,2 3,1 1,5 0,4 1,5 1,8 1,2 1,8 
ORTALAMA 3,2 3,1 3,3 7,0 18,6 6,2 4,4 12,3 7,3 


 
 


Tablo 74. Tesis etki alanında pasif örnekleme ile ölçülen toluen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 2,7 5,3 11,2 8,7 9,1 8,6 4,7 13,3 7,9 
NOKTA-2 5,4 4,8 6,7 7,0 6,1 7,0 6,0 8,7 6,5 
NOKTA-3 1,7 1,8 2,3 2,4 2,1 2,4 2,0 3,0 2,2 
NOKTA-4 2,9 2,3 3,4 3,5 3,1 3,5 3,0 4,4 3,3 
NOKTA-5 4,4 2,9 4,4 4,7 1,3 2,5 4,5 1,5 3,3 
NOKTA-6 18,1 13,3 15,2 29,3 17,6 21,4 27,5 13,6 19,5 
NOKTA-7 17,0 10,2 12,5 25,4 29,5 19,7 26,7 10,0 18,9 
NOKTA-8 14,8 9,6 11,9 21,1 9,5 17,8 23,2 7,6 14,4 
NOKTA-9 18,7 15,2 18,5 39,1 23,9 19,9 30,8 9,3 21,9 
NOKTA-10 18,1 11,4 13,1 32,8 54,1 30,0 28,5 28,5 27,1 
NOKTA-11 17,0 10,7 14,8 27,9 37,6 22,9 26,4 25,7 22,9 
NOKTA-12 3,5 4,7 6,3 3,1 0,6 2,1 3,1 1,7 3,1 


ORTALAMA 10,4 7,7 10,0 17,1 16,2 13,2 15,5 10,6 12,6 
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Tablo 75. Tesis etki alanında pasif örnekleme ile ölçülen ksilen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 3,3 2,7 2,9 3,5 2,8 3,5 3,5 4,1 3,3 
NOKTA-2 2,9 2,0 2,8 3,1 2,6 3,1 2,9 3,7 2,9 
NOKTA-3 1,8 1,2 1,2 1,6 1,2 1,6 1,7 1,7 1,5 
NOKTA-4 2,0 1,6 2,2 2,3 2,0 2,3 2,1 2,9 2,2 
NOKTA-5 4,0 2,0 3,0 3,6 0,5 1,2 1,9 0,4 2,1 
NOKTA-6 7,3 12,7 4,9 25,0 12,0 25,3 9,9 7,1 13,0 
NOKTA-7 6,6 10,7 4,7 23,0 16,7 31,9 9,8 15,3 14,8 
NOKTA-8 6,3 10,2 5,2 17,6 8,7 26,9 7,8 4,5 10,9 
NOKTA-9 8,2 12,7 5,7 24,6 18,5 32,6 10,7 24,1 17,1 
NOKTA-10 7,3 11,9 4,5 22,6 23,2 34,0 9,6 5,7 14,9 
NOKTA-11 8,0 11,0 6,5 27,1 35,0 37,3 9,1 17,8 19,0 
NOKTA-12 5,7 3,2 4,9 1,2 0,2 0,6 0,9 0,6 2,2 


ORTALAMA 5,3 6,8 4,0 12,9 10,3 16,7 5,8 7,3 8,7 
 
 


Tablo 76. Tesis etki alanında pasif örnekleme ile ölçülen toplam olefin(*) sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 0,27 0,43 0,32 0,40 0,31 0,40 0,41 0,46 0,37 
NOKTA-2 0,45 0,34 0,50 0,54 0,46 0,54 0,46 0,66 0,49 
NOKTA-3 0,24 0,30 0,27 0,31 0,25 0,32 0,31 0,36 0,30 
NOKTA-4 0,31 0,21 0,23 0,29 0,23 0,30 0,30 0,33 0,27 
NOKTA-5 0,79 0,34 0,52 0,45 0,10 0,19 1,18 0,21 0,47 
NOKTA-6 0,57 1,03 0,24 0,58 0,63 0,69 1,17 0,72 0,70 
NOKTA-7 0,56 0,98 0,22 0,50 0,67 0,44 1,09 0,46 0,61 
NOKTA-8 0,50 0,96 0,21 0,38 0,87 0,67 0,98 0,77 0,67 
NOKTA-9 0,63 1,21 0,42 0,74 1,83 0,63 1,33 0,85 0,96 
NOKTA-10 0,62 1,12 0,25 0,79 1,23 1,07 1,29 1,34 0,96 
NOKTA-11 0,67 1,10 1,26 1,28 0,24 0,51 1,91 0,63 0,95 
NOKTA-12 0,52 0,50 0,42 0,26 0,05 0,24 0,38 0,20 0,32 


ORTALAMA 0,51 0,71 0,41 0,54 0,57 0,50 0,90 0,58 0,59 
(*)2010 yılı Ocak ayında Bakanlığa teslim edilen Hava Kalitesi ölçüm ve değerlendirme 
raporundaki olefinler revize edilmiĢtir. 
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Tablo 77. Tesis etki alanında pasif örnekleme ile ölçülen etil benzen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 0,48 0,70 0,52 0,67 0,51 0,66 0,69 0,75 0,62 
NOKTA-2 0,58 0,54 0,62 0,71 0,58 0,71 0,66 0,83 0,65 
NOKTA-3 0,37 0,36 0,28 0,39 0,29 0,39 0,42 0,41 0,36 
NOKTA-4 0,48 0,46 0,56 0,61 0,52 0,61 0,54 0,75 0,57 
NOKTA-5 0,65 0,61 0,81 0,85 0,14 0,32 0,51 0,15 0,50 
NOKTA-6 0,40 0,41 0,24 0,54 0,37 0,39 0,49 0,38 0,40 
NOKTA-7 0,44 0,38 0,28 0,59 1,12 0,81 0,51 0,61 0,59 
NOKTA-8 0,41 0,41 0,42 0,41 0,88 0,63 0,43 0,50 0,51 
NOKTA-9 0,45 0,43 0,37 0,71 1,07 0,55 0,54 0,45 0,57 
NOKTA-10 0,41 0,39 0,28 0,76 0,85 0,60 0,52 0,58 0,55 
NOKTA-11 0,68 0,55 0,56 0,99 4,60 2,07 0,58 3,05 1,64 
NOKTA-12 0,56 0,58 0,52 0,28 0,04 0,19 0,25 0,18 0,32 


ORTALAMA 0,49 0,49 0,46 0,63 0,91 0,66 0,51 0,72 0,61 
 
 


Tablo 78. Tesis etki alanında pasif örnekleme ile ölçülen izopropil benzen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 1. 
hafta 


2. 
hafta 


3. 
hafta 


4. 
hafta 


5. 
hafta 


6. 
hafta 


7. 
hafta 


8. 
hafta UVD 


NOKTA-1 0,04 0,05 0,04 0,05 0,04 0,05 0,05 0,06 0,05 
NOKTA-2 0,04 0,05 0,04 0,05 0,04 0,05 0,05 0,05 0,05 
NOKTA-3 0,03 0,03 0,03 0,04 0,03 0,04 0,04 0,05 0,04 
NOKTA-4 0,04 0,05 0,05 0,05 0,05 0,05 0,05 0,07 0,05 
NOKTA-5 0,07 0,06 0,08 0,09 0,02 0,03 0,05 0,02 0,05 
NOKTA-6 0,04 0,03 0,02 0,05 0,03 0,04 0,04 0,04 0,04 
NOKTA-7 0,04 0,03 0,02 0,05 0,05 0,04 0,04 0,04 0,04 
NOKTA-8 0,05 0,04 0,04 0,04 0,16 0,08 0,04 0,08 0,07 
NOKTA-9 0,04 0,04 0,03 0,07 0,06 0,04 0,05 0,04 0,05 
NOKTA-10 0,04 0,04 0,02 0,08 0,07 0,06 0,05 0,05 0,05 
NOKTA-11 0,04 0,04 0,03 0,07 0,10 0,08 0,04 0,12 0,06 
NOKTA-12 0,04 0,05 0,04 0,04 0,01 0,01 0,02 0,02 0,03 


ORTALAMA 0,04 0,04 0,04 0,06 0,06 0,05 0,04 0,05 0,05 
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Tablo 79. Tesis etki alanında pasif örnekleme ile ölçülen trimetil benzen sonuçları  
(haftalık ortalama) (µg/m3) 


Ölçüm noktası 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


NOKTA-1 0,55 0,71 0,66 0,77 0,63 0,77 0,74 0,91 0,72 
NOKTA-2 0,58 0,46 0,48 0,60 0,47 0,60 0,61 0,67 0,56 
NOKTA-3 0,43 0,34 0,29 0,41 0,30 0,41 0,44 0,43 0,38 
NOKTA-4 0,59 0,48 0,55 0,64 0,53 0,64 0,62 0,75 0,60 
NOKTA-5 0,64 0,62 0,79 0,84 0,17 0,28 0,45 0,04 0,48 
NOKTA-6 0,48 0,50 0,20 0,66 0,35 0,43 0,41 0,29 0,42 
NOKTA-7 0,49 0,42 0,24 0,69 1,12 0,91 0,46 0,57 0,61 
NOKTA-8 0,48 0,48 0,43 0,54 1,11 0,71 0,34 0,44 0,57 
NOKTA-9 0,59 0,50 0,35 0,97 1,31 0,65 0,50 0,50 0,67 
NOKTA-10 0,52 0,47 0,25 1,08 1,08 0,75 0,49 0,60 0,65 
NOKTA-11 0,52 0,49 0,50 1,25 2,29 1,07 0,54 1,52 1,02 
NOKTA-12 0,67 0,55 0,47 0,31 0,04 0,10 0,11 0,10 0,29 


ORTALAMA 0,55 0,50 0,43 0,73 0,78 0,61 0,48 0,57 0,58 
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Tablo 80. Tesis etki alanında pasif örnekleme ile ölçülen uçucu organik bileĢiklerden 


hesaplanan toplam organik karbon sonuçları (haftalık ortalama) (µg/m3) 
 


NOKTA SINIF 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


1 


I. Sınıf 1 2 2 2 2 2 2 3 2 


II.Sınıf 9 13 18 17 16 17 13 23 16 


III. Sınıf 5 4 91 50 65 52 6 96 46 


Toplam 15 19 111 69 83 70 20 121 64 


2 


I. Sınıf 2 2 2 3 2 3 2 3 2 


II.Sınıf 11 9 13 13 12 13 12 16 12 


III. Sınıf 23 10 131 80 100 80 19 142 73 


Toplam 35 21 146 96 114 96 33 162 88 


3 


I. Sınıf 1 2 2 2 2 2 2 3 2 


II.Sınıf 5 5 6 7 6 7 6 8 6 


III. Sınıf 2 3 22 13 17 13 3 24 12 


Toplam 9 9 30 22 24 22 10 35 20 


4 


I. Sınıf 1 2 3 3 3 3 2 4 2 


II.Sınıf 8 7 10 10 9 10 9 13 9 


III. Sınıf 5 4 23 15 18 15 6 26 14 


Toplam 14 13 36 28 30 28 16 42 26 


5 


I. Sınıf 7 2 4 4 1 6 6 2 4 


II.Sınıf 18 14 16 19 3 9 21 5 13 


III. Sınıf 25 13 70 49 21 25 195 8 51 


Toplam 49 29 90 73 24 39 222 15 68 


12 


I. Sınıf 2 4 3 2 1 2 2 1 2 


II.Sınıf 12 15 18 7 1 5 6 3 9 


III. Sınıf 5 11 56 77 23 14 76 2 33 


Toplam 19 29 78 85 26 20 85 7 44 
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Tablo 81. PETKĠM iĢletme içindeki tesislerin etrafında pasif örnekleme ile ölçülen uçucu 
organik bileĢiklerden hesaplanan toplam organik karbon sonuçları (haftalık ortalama) (µg/m3) 


 


NOKTA SINIF 
1. 


hafta 
2. 


hafta 
3. 


hafta 
4. 


hafta 
5. 


hafta 
6. 


hafta 
7. 


hafta 
8. 


hafta 
UVD 


6 


I. Sınıf 9 11 5 12 16 15 26 18 14 
II.Sınıf 30 29 24 62 35 62 42 27 39 
III. Sınıf 40 175 23 96 64 43 92 56 74 
Toplam 80 214 51 170 116 120 160 101 126 


7 


I. Sınıf 9 11 5 18 54 31 25 42 24 
II.Sınıf 28 24 21 60 71 75 39 31 44 
III. Sınıf 40 157 22 71 84 51 87 35 68 
Toplam 77 192 48 148 210 156 150 108 136 


8 


I. Sınıf 10 9 6 10 43 21 23 21 18 
II.Sınıf 27 25 26 47 65 74 35 27 41 
III. Sınıf 48 150 30 66 138 73 79 68 82 
Toplam 86 184 62 123 246 168 138 116 140 


9 


I. Sınıf 12 12 6 21 90 14 31 37 28 
II.Sınıf 34 31 28 75 49 66 46 44 47 
III. Sınıf 52 188 29 96 46 40 107 40 75 
Toplam 99 232 63 192 185 121 184 121 150 


10 


I. Sınıf 10 11 5 20 35 21 30 36 21 
II.Sınıf 30 27 22 66 88 81 43 38 49 
III. Sınıf 40 165 23 82 110 55 98 91 83 
Toplam 81 203 49 168 233 156 170 165 153 


11 


I. Sınıf 12 12 14 40 108 22 27 69 38 
II.Sınıf 30 24 26 70 94 80 40 58 53 
III. Sınıf 38 122 25 86 92 42 91 64 70 
Toplam 81 159 65 195 294 144 158 191 161 
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4. DEĞERLENDĠRME 
 
Emisyon izin iĢlemlerinde “tesis etki alanında” sağlanması gereken hava kalitesi sınır değerleri 
3 Temmuz 2009 tarihinde yürürlüğe giren Sanayi Kaynaklı Hava Kirliliğinin Kontrolu 
Yönetmeliği Ek-2, Tablo 2.1’de verilmiĢtir. Bunlardan 2010 yılı geçerli olan “uzun vadeli sınır 
değerleri” (UVS), ve “kısa vadeli sınır değerleri” (KVS) aĢağıda Tablo 82’de verilmiĢtir. Aynı 
yönetmelikte verilen Petrokimya tesislerinde uyulması istenilen hava kalitesi sınır değerleri ise 
Tablo 83’da verilmiĢtir. Yönetmelik Tablo 5.10’da verilen ham petrol, petrol ve akaryakıt 
dolum ve depolama tesisleri etki alanında uyulması gereken hava kalitesi sınır değerleri de 
Tablo 84’de verilmiĢtir.  
 
Tablo 82. Bazı hava kirleticileri için 3 Temmuz 2009 tarihli “Sanayi Kaynaklı Hava Kirliliğinin 
Kontrolu Yönetmeliği”nde tesis etki alanı için verilen uzun vadeli (UVS) ve kısa vadeli (KVS) 
sınır değerler. 


Kirletici Ortalama süre Birim Sınır Değer 


SO2 
Saatlik µg/m3 900 
UVS µg/m3 150 


NO2 UVS µg/m3 84 
Havada Asılı Partikül 
Madde (PM10) 


KVS µg/m3 220 
UVS µg/m3 114 


Toplam Organik BileĢikler 
(Karbon cinsinden) 


Saatlik µg/m3 280 
KVS µg/m3 112 


Çöken Toz 
KVS mg/m2-gün 546 
UVS mg/m2-gün 294 


 
Bu çalıĢmada, PETKĠM Petrokimya Holding A.ġ.’nin tesis içi ve çevresindeki hava kalitesi 
ölçümleri pasif örnekleme metodu ile yapıldığı için ölçüm sonuçlarının Tablo 82 ve Tablo 
83’deki UVS* değeri ile karĢılaĢtırılması gerekmektedir. Yukarıdaki Tablolarda verilen 
sonuçlar incelendiğinde, ölçüm değerlerinin zamansal değil mekansal değiĢiminin daha fazla 
olduğu görülmektedir. Bu farkın ana nedeni ise bazı noktaların tesis içindeki üretim 
proseslerinin veya depolama tanklarının çok yakınında olmasıdır. Buna göre ölçüm yapılan 12 
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nokta, tesis içi ve tesis dıĢı noktalar olarak gruplanmıĢ ve UVD değerleri topluca aĢağıda Tablo 
85’de verilmiĢtir.  
 
Tablo 83. Bazı hava kirleticileri için 3 Temmuz 2009 tarihli “Sanayi Kaynaklı Hava Kirliliğinin 
Kontrolu Yönetmeliği”nde Petrokimya tesislerinde uyulması istenilen hava kalitesi sınır 
değerleri. 


Kirletici 
 


Sınır Değer (µg/m3) 
UVS* KVS** 


Toplam Organik BileĢikler 
(Karbon cinsinden) 


500 800 


Benzen  75 120 
Toluen  75 120 
Ksilen  75 120 
Olefinler 75 120 
Etil Benzen 75 120 
Kumol (Ġzopropil Benzen) 5 20 
Trimetil Benzen 5 10 
Merkaptan 1 2 
Tetra etil-tetra metil kurĢun - 1 


(*)Petrokimya tesisleri, Petrol Rafinerileri, Petrol ve Akaryakıt Depolama ĠĢletmelerinin içinde bulunan tesislerin 
etrafında (tank adaları, dolum kolları, rafinerileri oluĢturan tesislerin arasında vb.) hava kalitesi ölçümlerinin pasif 
örnekleme metodu ile yapılması durumunda bu sınır değerler uygulanır. 
(**)Petrokimya tesisleri, Petrol Rafinerileri, Petrol ve Akaryakıt Depolama ĠĢletmelerinin içinde bulunan tesislerin 
etrafında (tank adaları, dolum kolları, rafinerileri oluĢturan tesislerin arasında vb.) hava kalitesi ölçümlerinin hava 
kalitesi ölçüm cihazları ile yapılması durumunda bu sınır değerler uygulanır. 


 
Tablo 84. Ham Petrol, Petrol ve Akaryakıt Dolum ve Depolama Tesisleri  
etki alanında uyulması gereken hava kalitesi sınır Değerleri 


Sınıf  Birim UVS* KVS** 
Ek-1 III. Sınıf   (µg/m3) 90 120 
Ek-1 II. Sınıf  (µg/m3) 50 75 
Ek-1 I. Sınıf   (µg/m3) 20 30 
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Tablo 85. Ölçüm noktaları ve inceleme bölgesi geneli için hesaplanan UVD  değerleri 
 


 
SO2 NO2 VOC B T K O E.B. ĠPB TMB TOC 


Tesis içi Noktalar 
NOKTA-6 35 13 179 4,3 19,5 13,0 0,70 0,40 0,04 0,42 126 
NOKTA-7 47 14 184 17,2 18,9 14,8 0,61 0,59 0,04 0,61 136 
NOKTA-8 54 9 201 6,4 14,4 10,9 0,67 0,51 0,07 0,57 140 
NOKTA-9 51 17 215 15,6 21,9 17,1 0,96 0,57 0,05 0,67 150 
NOKTA-10 62 12 225 6,2 27,1 14,9 0,96 0,55 0,05 0,65 153 
NOKTA-11 60 11 235 24,2 22,9 19,0 0,95 1,64 0,06 1,02 161 


UVD 51,5 12,7 207 12,3 20,8 15,0 0,81 0,71 0,05 0,66 144 


Tesis dışı noktalar 


NOKTA-1 42 11 76 1,8 7,9 3,3 0,37 0,62 0,05 0,72 64 
NOKTA-2 48 12 106 2,3 6,5 2,9 0,49 0,65 0,05 0,56 88 
NOKTA-3 39 8 26 1,8 2,2 1,5 0,30 0,36 0,04 0,38 12 
NOKTA-4 40 10 32 2,4 3,3 2,2 0,27 0,57 0,05 0,60 26 
NOKTA-5 38 4 84 3,1 3,3 2,1 0,47 0,50 0,05 0,48 68 
NOKTA-12 46 19 55 1,8 3,1 2,2 0,32 0,32 0,03 0,33 44 


UVD 42,2 10,7 63,2 2,2 4,4 2,4 0,37 0,5 0,0 0,5 50 
Ġnceleme alanı geneli 


UVD 46,8 11,7 135 7,3 12,6 8,7 0,59 0,61 0,05 0,58 97 
B: Benzen, T: Toluen; K: Ksilen; O: Olefinler; E.B: Etil benzen;  ĠPB: Ġzopropil Benzen; 
TMB: Trimetil Benzen; TOC: Toplam organik karbon (karbon olarak)  
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Tablo 85’de verilen UVD değerleri ile önceki bölümde verilen sonuçlar Sanayi Kaynaklı Hava 
Kirliliğinin Kontrolu Yönetmeliği’ne göre değerlendirildiğinde aĢağıdaki tespitler ortaya 
çıkmaktadır. Bu değerlendirmelerde gözden kaçırılmaması gereken nokta, PETKĠM çevresinde 
aynı tür emisyonlara sahip çok sayıda tesis bulunmasıdır. Özellikle PETKĠM ve TÜPRAġ ile 
akaryakıt-LPG dolum ve depolama tesislerinin birbirlerine komĢu oldukları dikkate alındığında 
ölçülen hava kalitesi değerlerinin tam olarak hangi tesisten kaynaklandığını söylemek mümkün 
değildir.  
 
Kükürt dioksit (SO2): Pasif örnekleme yöntemiyle yaklaĢık birer haftalık örnekleme 
sürelerinin ortalamaları olarak 12 noktada sekiz hafta ölçülen kükürt dioksit değerleri hem 
mekana göre  hem de zamana göre değiĢkenlik göstermiĢtir.  En yüksek değer 127 µg/m3 olup, 
tüm noktalarda 150 µg/m3 sınır değeri sağlanmaktadır.  SO2 konsantrasyonları,  bölgede ve tesis 
içinde önceki yıllardaki ölçümlere göre düĢük olup; bunun nedeni hem PETKĠM’de hem de 
komĢu tesislerde doğal gaza geçiĢin tamamlanmıĢ olması ve bölgedeki tesislerin tamamına 
yakının doğal gaz kullanmasıdır.   
   
Azot dioksit (NO2): Kükürt dioksitle benzer yöntemle ve aynı tüpte örneklenerek ölçülen NO2 
değerleri  de noktalara göre değiĢirken en yüksek değer 28 µg/m3 olup; tüm değerler 
Yönetmelikte verilen UVS değerinin altındadır.  
 
Çöken Toz: Tesis içinde iki noktada iki ay süreyle yapılan çöken toz ölçümlerinde değerler 
176-303 mg/m2-gün arasında değiĢmiĢ olup dört ölçümün ortalaması 234 mg/m2-gün’dür. Hem 
KVS hem de UVS değeri sağlanmaktadır.  
 
Havada asılı partikül madde (PM10): Tesis içinde bir nokatda sürekli ölçüm cihazı ile üç 
süreyle yapılan ölçümlerde günlük en yüksek değer 89 µg/m3 olup KVS değeri sağlanmaktadır. 
Aylık ortalamalar da 43-50 µg/m3 arasında değiĢmekte olup UVS değeri de sağlanmaktadır.  
 
 Toplam Organik Karbon (TOC): Pasif örnekleme tüpleri ile aktif karbon üzerinde toplanan 
organik bileĢiklerde GC-MS cihazı kullanılarak yukarıda Tablo 72’de listesi verilen ozon öncül 
bileĢiklerin kantitatif analizleri yapılmıĢtır. Konsantrasyonu tespit edilen bileĢiklerin toplamı 
toplam VOC olarak verilmiĢtir. Her bileĢiğin molekül ağırlığı ve karbon miktarı dikkate 
alınarak konsantrasyonlar karbon olarak hesaplanmıĢ ve örneklerde tespit edilen bileĢiklerin 
toplam konsantrasyonu da Toplam Organik Karbon TOC olarak verilmiĢtir.  
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Tesis etki alanında iĢletme sınırları dıĢında kalan noktalarda ölçülen TOC değerlerinden,  
- 1 nolu noktada iki kez, 
- 2 nolu noktada dört kez, 
- 5 nolu noktada 1 kez  


TOC sınır değeri aĢılmıĢtır.  Ancak her noktadaki UVD değeri hem her sınıf için hem de toplam 
için sınır değeri sağlamaktadır. ĠĢletme içindeki tesislerin çevresindeki noktalarda ise zaman 
zaman TOC değerleri aĢılmaktadır. Ancak Yönetmeliğe göre bu noktalardaki ölçümleri Tablo 
2.3’de verilen sınır değerlerle karĢılaĢtırmak gerekmektedir. Buna göre, iĢletme içindeki altı 
noktada da TOC için verilen 500 µg/m3 sınır değeri sağlanmaktadır.  
 
Benzen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır.  
 
Toluen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır. 
 
Ksilen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır. 
 
Olefinler: ġubat 2010 tarihli hava kalitesi ölçüm ve değerlendirme raporumuzda aynı yöntemle 
uçucu organik bileĢiklerin analizi yapılmıĢtır. Tespit edilen bileĢiklerin gruplandırması 
yapılırken, olefinler olarak verilen grubun içine olefin olmayan bileĢikler (hekzan ve pentan) de 
yanlıĢlıkla dahil edilmiĢtir. Hiçbir bileşiğin ölçülen konsantrasyonu değişmemekle birlikte 
sadece olefin olarak yanlış tanımlanan grub yeniden düzenlendiğinden “toplam olefinler” 
olarak verilen değerler değişmiştir. Bu yanlıĢlık için akreditasyon sisteminde de “Düzeltici 
Önleyici Faaliyet” tanımlanarak yeniden düzenlenecek rapor müĢteri kurum olan PETKĠM’e ve 
raporun teslim edildiği Ġl Çevre ve Orman Müdürlüğü’ne teslim edilecektir. Bu raporda hem 
yeni dönem ölçümlerindeki olefinler hem de önceki rapordaki tesis dıĢı noktaların olefin 
değerleri doğru olarak verilmiĢtir. Ġşletme içindeki tesislerin çevresindeki 6 noktada yapılan 
tüm ölçümlerde Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır. 
 
Etil Benzen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır. 
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Ġzopropil Benzen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 5 µg/m3 UVS sınır değeri sağlanmaktadır. 
 
Trimetil Benzen: ĠĢletme içindeki tesislerin çevresindeki 6 noktada yapılan tüm ölçümlerde 
Yönetmelikteki 75 µg/m3 UVS sınır değeri sağlanmaktadır. 
 
 
4. SONUÇ 
 
Sonuç olarak; PETKĠM PETROKĠMYA HOLDĠNG A.ġ.’nin tesis etki alanında hava 
kalitesinin belirlenmesi için yapılan bu hava kalitesi ölçüm çalıĢmasında, 


i. ölçülen hava kalitesi değerlerinden kükürt dioksit, azot dioksit çöken toz ve PM10 
sonuçlarının hava kalitesi sınır değerlerini sağladığı, 


ii. Tablo 2.3. kapsamındaki organik kirleticilerden benzen, toluen, ksilen, olefinler, etil 
benzen, izopropil benzen, trimetil benzen ve Toplam Organik Karbon ölçümlerinin ilgili 
sınır değerleri sağladığı, 


iii. Tesis çevresindeki noktalardan 1, 2 ve 5 numaralı noktalarda toplam yedi kez 
Yönetmelik Tablo 5.10’daki TOC sınır değerinin aĢıldığı ancak bu noktaların tesisten 
uzakta ve daha çok trafikten etkilenen noktalar olduğu görülmüĢtür.  
 


Hava kalitesi modelleme sonuçlarında da SO2, NO2, CO, PM için hesaplanan saatlik ortalama 
değerlerin Yönetmelikteki KVS sınır değerlerinin altında kaldığı görülmüĢtür. VOC 
modellemesinde ise iĢletme içindeki noktalarda yüksek konsantrasyonlar hesaplanırken hiçbir 
ölçümde bu seviyelere rastlanamamıĢtır. Bunun nedeni de tesiste VOC emisyonlarının 
azaltılması için kaçakların önlenmesine yönelik çalıĢmaların etkin bir biçimde sürdürülmesi ve 
emisyon hesabında kullanılan emisyon faktörlerinin yüksek olmasıdır. Normal iĢletme 
Ģartlarında tesiste bu seviyede VOC emisyonu oluĢmamaktadır.  
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Appendix 5-5-2: Golder Measurements 
NOx, SO2, PM10 and Settled Dust Measurements conducted by Golder are given in sections below. 
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1. PREAMBLE 


In accordance with the relevant provisions of the Environmental Law No. 2872 


Published in the Official Newspaper dated 03.07.2009 and numbered 27277, "Industrial 


Air Pollution Control Regulation" (IAPCR), limitations in bringing on air pollution levels of 


arising from industrial and energy production facilities of all kinds and this pollutant 


sources defined “facility” and this regulation requires of the measurement and control of 


air pollution in the surrounding. 


According to this regulation PM10 were measured in Socar & Turcas Rafineri A.Ş and 
the plant will be located at Aliağa/İzmir. In between the dates of  25.10.2010-30.10.2010 


PM10 measurements are made for a period of five day at a point and of the "Industrial 


Air Pollution Control Regulation" has been taken basis. While construction phase, 


current situation has been determinated and this report has been prepared. 


  


2. DESCRIPTION OF THE ACTIVITY  


Socar & Turcas Rafineri A.Ş is planning to build a refinery named Socar & Turcas 


Aegean Refinery in Aliağa Town of İzmir Province, Turkey. The proposed project site is 


located at an industrial district and on the land of Petkim Petrochemicals Inc. The site is 


adjacent to the present Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum 


Refinery. Project site is located on an area of 1.375.000 square meters. The site is 


surrounded by Turkish Petroleum Refineries Corporation (Tüpraş) Aliağa Refinery 


facilities in the north, Petkim facilities in the east, supplementary lands for further 


expansion in the south. The planned refinery project will be utilizing several utilities of 


the Petkim Petrochemical Complex.  


. 
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3. MATTERS ABOUT THE REGULATION 


According to (IAPCR) appendix-2, Calculating of the Air Pollution Contribution Value 


(HKKD) with using to the dispersion modeling in affected area of existing facilities, the 


air quality measuring and measurement methods are made according to the following 


principles: 


Air quality measurements are made; as a rule, on the ground level  in height between 


1.5 to 4.0 meters, it is kept side a distance of at least 1.5 meter. Measurements  done 


on the forests  should be higher than from the tree  


A- Long Term Limit  Values (LTLV) : It is the arithmetic average of all the 


measurements results which shouldn’t be exceed. 


B- Short Term Limit Values (STLV) : While maximum daily average values or 


statistical results of the numerical values of all measurements are arranged 


according to the size of the measurement results, it shouldn’t be exceed 95% of 


measurements values. 


Necessary long-and short-term limit values for air pollutants (PM 10) are given below. 


I.A.P.C.R. Table 2.2 Table of the Long Term Limit Values, Short Term Limit Values in 


the affected area of The Facility, And Gradual Reduction 


Parameters Term 


Limited Values  
[µg/m3] 


[CO mg/m3] 
[The 


collapsing 
dust 


mg/m2day] 


YEAR 


 
2008


 
2009 2010 2011 2012 2013


 
 
Suspended 
Particulate 
Matter In the 
Air (PM 10) 
 
 


STLV 300* 300 260 220 180 140 100 


LTLV 150* 150 132 114 96 78 60 


These values are valid until at 01.01.2014. According to relevant regulations it will be 


held again after the date of 01.01.2014 
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* The limit values will be reduced to be in equal annually until reach the year 2014 


 


4- AIR QUALITY MEASUREMENTS 


PM 10 were measured during a day at the station which is established for the 


determination air quality for contruction phase of the region where the Socar & Turcas 
Rafineri A.Ş will be established.  


Measurements of particulate matter  (PM10) is done at the point which is determined by 


Golder Associates. 


4.1. USED DEVICES AND METHODS 


4.1.1. Measurement Method 


The Suspended Particulate Matter (PM10) measurements were made with gravimetric 


method Standard which is used EPA 40 CFR PART 50:2006  


 4.1.2. Measuring Devices and Measurement Principles 


Envirotech APM 541 and TCR TECORA brand devices were used for Suspended 


Particulate Matter (PM10) measurements. 


Envirotech APM 541 and TCR TECORA brand devices make sampling as appropriate 


to the criteria set sampling for the particulate matter suspended in the air  which is 


determined by EPA. 


Devices make air sampling according to the volumetric flow and this process carries out 


with head of the PM-10 designed according to EPA 40 CFR PART 50. Head of the PM-


10 is designed unaffected by wind direction and of the wind  intensity. 


Devices are capable of sampling with 16.7 l/min flow rate. The particles of the under 10 


µm  found in the sampled air have been collected on the registered tare fitler. 


After the particulate matters are collected inside the filter holder by the end of a certain 


period., first they have taken from the device and they are brought to the  laboratory. In  
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the laboratory, filters dried in the oven are weighed by scales and weight diffrences are 


calculated. This weight differences are evaluated accoring to the sampling duration. 


4.2. TEST RESULTS 


Measurement results which is made at the station established at the point determined 


by the Golder Associates are given Table 1 in the form of daily values  


Table 2, I.A.P.C.R, summarizes values of the STLV. 


LTLV values arithmetic means, if STLV values 


STLV = Xmean + 1.64 * ((2*∑(Xort-X)2) / ((2*z)-1)) ½ 


Calculated by the formula. 


Where X is the result of a measurement, 


Xmean is average value, 


Z  has been corresponds  to the number of measurement. 
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Table 1- Socar & Turcas Rafineri A.Ş  Measurement Results of Air Quality (PM 10) 


(Daily Values) 


 
NO DATE MEASUREMENT 


OF POINTS 
 


COORDİNATE 


 
 


CONCENTRATION 
(µg/m3) 


PM10  
(μg/m3) 


STLV 


1 25-26.10.2010 Front of materials 
Supply Warehouse 


 
494138 


 
4294576


 
41,17 


 
220 


2 26-27.10.2010 Front of materials 
Supply Warehouse


 
494138 


 
4294576


 
42,42 


 
220 


3 27-28.10.2010 Front of materials 
Supply Warehouse


 
494138 


 
4294576


 
34,51 


 
220 


4 28-29.10.2010 Front of materials 
Supply Warehouse


 
494138 


 
4294576


 
11,23 


 
220 


5 29-30.10.2010 Front of materials 
Supply Warehouse


 
494138 


 
4294576


 
20,38 


 
220 


6 25-26.10.2010 Lodging Area 495138 4292884 49,07 
 


220 


7 26-27.10.2010 Lodging Area 495138 4292884 38,67 
 


220 


8 27-28.10.2010 Lodging Area 495138 4292884 33,27 
 


220 


9 28-29.10.2010 Lodging Area 495138 4292884 12,06 
 


220 


10 29-30.10.2010 Lodging Area 495138 4292884 17,47 
 


220 
 
 
 
5. ASSESSMENT AND CONCLUSION 


Socar & Turcas Rafineri A.Ş  is  accepted as an center for measuring air quality (PM10) 


and PM 10 has been measured for a period of one day at one point. Measurements are 


made totaly in 5 days for two points.   


At the 1 number station; Suspended Particulate Matter (PM10) STLV didn’t exceed the 


value of 220 mg/ m3 . 


At the 2 number station; Suspended Particulate Matter (PM10) STLV didn’t exceed the 


value of 220 mg/ m3 . 
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1. GİRİŞ 


2872 sayılı Çevre Kanunu’nun ilgili hükümleri gereğince 03.07.2009 tarih ve 27277 


sayılı Resmi Gazete’de yayınlanan “Sanayi Kaynaklı Hava Kirliliğinin Kontrolü 


Yönetmeliği” (SKHKKY), her türlü sanayi ve enerji üretim tesislerinden kaynaklanan 


hava kirliliği seviyelerine sınırlamalar getirmekte ve bu kirletici kaynakları “Tesis” olarak 


tanımlayarak çevresindeki hava kirliliğinin ölçüm ve denetimini zorunlu kılmaktadır. 


Bu yönetmelik gereğince Socar & Turcas Rafineri A.Ş .’ nin  Aliağa/İzmir’de    
Petrokimya Tesisi Projesi kapsamında 20.10.2010 ile 20.11.2010 tarihleri arasında 


Çöken Toz Ölçümleri yapılmış ve “Sanayi Kaynaklı Hava Kirliliğinin Kontrolü 


Yönetmeliği” esas alınarak bu rapor hazırlanmıştır. 


2. FAALİYETİN AÇIK BİR ŞEKİLDE ANLATIMI 


Socar & Turcas Rafineri A.Ş. İzmir ili Aliağa ilçesinde Socar & Turcas Ege Rafineri adlı 


bir tesis inşaatı planlamaktadır. Planlanan proje alanı yakınında, Pektim Petrokimya 


A.Ş. ‘nin arazisi üzerinde bulunan Pektim Petrokimya Kompleksi ve Tüpraş İzmir Petrol 


Rafinerisi yer almaktadır. Proje Alanı 1.375.000 metre karelik bir alanda yer almaktadır. 


Planlanan bu tesisin kuzeyinde Türk Petrol Rafinerileri A.Ş. (Tüpraş) ‘ın Aliağa Rafinerisi 


Tesisleri, doğusunda Pektim Tesisleri yer almaktadır. Tesisin geliştirilmesi ve 


genişletilmesi için güney tarafında ek araziler mevcuttur.  


Tesis inşaat aşaması esnasında mevcut durum tespiti amacıyla çöken toz ölçümleri 


gerçekleştirilmiştir. Ayrıntılı olarak tesis iş akış şeması ve prosesi anlatan belge rapor 


ekinde verilmiştir.  


3. KULLANILAN ÖLÇÜM YÖNTEMLERİ, STANDARTLAR  


Çöken toz ölçümlerinde BS 1747 standardı kapsamında gravimetrik metod 


kullanılmıştır. Ölçümlerde çöken toz aparatları kullanılmış olup kalibrasyon belgeleri 


rapor ekinde verilmiştir. 
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Çöken Toz Miktarının Belirlenmesi ; 
 
Çöken toz örnekleme aparatı, BS 1747 standardına uygun olup 4 ayrı kompartımandan 


oluşmaktadır. 


Çöken tozlar, kompartımanlar içerisinde birikme yaparlar. Toplama kapları, 


kimyasal maddelere dayanıklı, statik elektrikle yüklenmeyen plastik malzemeden 


yapılmıştır. Belirli bir süre sonunda (ortalama 1 ay), toplanan çöken toz miktarının 


belirlenmesi için toplama kapları yerinden alınarak, yerine diğer örneklemelerin 


yapılması için yeni toplama kapları konulmaktadır. Hava kalitesi ölçümleri kural olarak 


yer seviyesinden, 1,5 - 4,0 metre arasındaki yüksekliklerde, binadan (veya ekili alandan) 


en az 1,5 metre yan mesafe tutularak yapılır. Ormanda yapılan ölçümler, ağaç 


yüksekliğinden daha yukarıda yapılmalıdır. 


       Toplama kabında toplanan çöken toz miktarı, gerekli laboratuvar çalışması (tartım 


işlemleri) ile numune alma süreside hesaba katılarak tayin edilir. 


 
4. ÖLÇÜM SONUÇLARI VE DEĞERLENDİRME 
 


İNCELEME 
İSTASYONU 


Konsantrasyon (mg/m2-gün) 
20.10.2010-


20.11.2010 tarihleri 
arasında 


ORTALAMA 


  
A 


 
B 


 
C 


 
D 


20.10.2010-
20.11.2010 


tarihleri 
arasında 


SINIR 
DEĞERLER 


Proje Alanı 32 24 25 204 71 
450 Lojmanlar 


Bölgesi 55 134 26 15 57 


 
Proje Alanı:                                Lojmanlar Bölgesi: 
A : Batı                                       A : Güney 


B: Kuzey                                     B : Batı 


C: Doğu                                      C : Kuzey 


D: Güney                                    D : Doğu 


 
Ölçüm sonuçları yönetmelikte verilen 450 mg/m2–gün sınır değeri ile karşılaştırılmış ve 


buna göre yönetmelikte istenilen şartlar sağlanmıştır. 
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Appendix 5- 6: Noise Measurements and Acoustic Report 


This report was prepared by Ekotest Environmental Consultancy and Measurement Services Ltd. 


Company based on the measurements conducted on March 02, 2009 during the Local EIA studies. 


This report is given in pdf format. 
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A. GENERAL INFORMATIONA. GENERAL INFORMATIONA. GENERAL INFORMATIONA. GENERAL INFORMATION    


1. Trade Name of the Plant/Establishment1. Trade Name of the Plant/Establishment1. Trade Name of the Plant/Establishment1. Trade Name of the Plant/Establishment    


    SOCAR & TURCAS Rafineri A.Ş. 


2. Address of the Plant/Establishment2. Address of the Plant/Establishment2. Address of the Plant/Establishment2. Address of the Plant/Establishment    


 Aliağa/IZMIR 


3. Production/Scope of Activity of the Plant/Establishment3. Production/Scope of Activity of the Plant/Establishment3. Production/Scope of Activity of the Plant/Establishment3. Production/Scope of Activity of the Plant/Establishment    


    The project scope of the plant to be established is to plan Refinery Construction and 
Operation. 


4. The Position of4. The Position of4. The Position of4. The Position of the Plant/Establishment in APPENDIX VII (Indication of the Relevant Clauses  the Plant/Establishment in APPENDIX VII (Indication of the Relevant Clauses  the Plant/Establishment in APPENDIX VII (Indication of the Relevant Clauses  the Plant/Establishment in APPENDIX VII (Indication of the Relevant Clauses 
in List A/B)in List A/B)in List A/B)in List A/B)    


    LIST A – 1.2. Petrol and gas refineries 


5. Specification of the Area in which the plant is to be established considering the 5. Specification of the Area in which the plant is to be established considering the 5. Specification of the Area in which the plant is to be established considering the 5. Specification of the Area in which the plant is to be established considering the 
Zoning/Application Plans (pursuant to thZoning/Application Plans (pursuant to thZoning/Application Plans (pursuant to thZoning/Application Plans (pursuant to the Area Categories set out in Table 4 of APPENDIX VII e Area Categories set out in Table 4 of APPENDIX VII e Area Categories set out in Table 4 of APPENDIX VII e Area Categories set out in Table 4 of APPENDIX VII 
of the Regulation)of the Regulation)of the Regulation)of the Regulation)    


    Commercial areas in commercial and noise sensitive areas 


6. The distance of the plant from the closest building (in m)6. The distance of the plant from the closest building (in m)6. The distance of the plant from the closest building (in m)6. The distance of the plant from the closest building (in m)    


 The closest building to the plant is Petkim Petrochemical Plant’s lodging estate.    


7. Features of the Area in which the plant is to be established  7. Features of the Area in which the plant is to be established  7. Features of the Area in which the plant is to be established  7. Features of the Area in which the plant is to be established      


 The area in which the plant is inclined to be established is and the project area is 
included in the area of PETKIM Petrochemical Plant. The dominant wind direction is northeast. 
The average relative humidity 72,74%, the maximum relative humidity 76,7% and the 
minimum relative humidity 18,0%. 


8. The area of usage of the plant/establishment (Total Area, the Area Occupied by the 8. The area of usage of the plant/establishment (Total Area, the Area Occupied by the 8. The area of usage of the plant/establishment (Total Area, the Area Occupied by the 8. The area of usage of the plant/establishment (Total Area, the Area Occupied by the 
Plant/Establishment, the Area of the SocialPlant/Establishment, the Area of the SocialPlant/Establishment, the Area of the SocialPlant/Establishment, the Area of the Social and Administrative Buildings, Green Space and  and Administrative Buildings, Green Space and  and Administrative Buildings, Green Space and  and Administrative Buildings, Green Space and 
Free Space)Free Space)Free Space)Free Space)    
       Total area is 1.375.000 m2 and the detailed are information id given in Table 1. 
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Table 1. Units of the Refinery to be Established  
UnitUnitUnitUnit    Width (m)Width (m)Width (m)Width (m)    Height (m)Height (m)Height (m)Height (m)    Area (mArea (mArea (mArea (m2222))))    


Crude Oil/ Vacuum/ Saturated Gas Recovery Unit 80 140 11.200 


Naphtha Hydrotreating Unit 40 80 3200 


Jet Fuel Hydrotreating Unit 60 120 7200 


Diesel Hydrotreating Unit 60 120 7200 


CCR 60 125 7500 


Hydrocracker 60 250 15.000 


Delayed Coker 120 275 33.000 


Hydrogen Unit 85 140 11.900 


Sulfur Recovery Unit 80 90 7200 


Amine Process Unit 50 130 6500 


Sulfur Solidification Unit 50 80 4000 


Waste Water Recovery Unit 25 30 750 


PSA 65 85 5525 


Air Separation Unit 60 120 7200 


Equipment/Process Air Units 55 70 3850 


Reformate Gas Unit 50 60 3000 


Control Building 30 100 3000 


Loading 65 105 6825 


Service Building 100 150 15.000 


Fire House 100 150 15.000 


Workshop 45 150 6750 


Total Tank Area - - 443.202 


 


9. Process Units of the Plant/Establishment and Layout of the Social Spaces 9. Process Units of the Plant/Establishment and Layout of the Social Spaces 9. Process Units of the Plant/Establishment and Layout of the Social Spaces 9. Process Units of the Plant/Establishment and Layout of the Social Spaces     


 Process units are given in Table 1. The Petkim Lodging Estates’ social spaces, which are 
very lose to the plant, shall be used. 
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10. Production Flow Chart of the Plant/Establishment and the Positions of the Noise Sources (shown on the sketch)10. Production Flow Chart of the Plant/Establishment and the Positions of the Noise Sources (shown on the sketch)10. Production Flow Chart of the Plant/Establishment and the Positions of the Noise Sources (shown on the sketch)10. Production Flow Chart of the Plant/Establishment and the Positions of the Noise Sources (shown on the sketch)    
Production Flow Chart, Alternative Production Flow Chart and Noise Sources are given in Figure 1Figure 1Figure 1Figure 1, Figure 2Figure 2Figure 2Figure 2 and Figure 3Figure 3Figure 3Figure 3, respectively. 
Figure 1. Production Flow Chart 
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Figure 2: Noise Sources and Process Units 
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11. Health Protection Zone Distance11. Health Protection Zone Distance11. Health Protection Zone Distance11. Health Protection Zone Distance    


 In coordination with T.C. Ministry of Health, it shall be examined in detail under the 
scope of project during the EIA process. 


12. Information on Work Period (Total Working Time, Continuous or Discontinuous Working, 12. Information on Work Period (Total Working Time, Continuous or Discontinuous Working, 12. Information on Work Period (Total Working Time, Continuous or Discontinuous Working, 12. Information on Work Period (Total Working Time, Continuous or Discontinuous Working, 
Number of Shift)Number of Shift)Number of Shift)Number of Shift)    


 The working time at the construction phase of the refinery project shall be limited to 
the day hours between 07:00-19:00 without shifts. However, if necessary, it is possible to go 
beyond these work hours by obtaining the required permissions from the relevant authorities 
and by informing the communities which are possible to be affected by such extra work hours. 


 During operation of the refinery, the working schedule shall be 3 shifts of 8 hours a day 
and for 350 days per year. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 
This report is relevant to the Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurements dated 02.03.200902.03.200902.03.200902.03.2009 of the Refinery Project of SOCAR & TURCAS 
Rafineri A.Ş only and may not be partially copied or reproduced without prior written consent of EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre 
Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti. Unsigned or unsealed reports are invalid. Test results are relevant only to the 
process conditions existing during the measurement task. Our accreditation is limited to the coverage of the test 
methods given in General Principles only. Our accreditation does not include the sufficiency of the otherwise-expressed 
opinions and comments. 


(Sealed) 
                                                                                                                    
09090909----126/G126/G126/G126/G----021021021021----01010101/24.03.2009/24.03.2009/24.03.2009/24.03.2009                            7/40                        7/40                        7/40                        7/40         Accreditation No: AB Accreditation No: AB Accreditation No: AB Accreditation No: AB----0020002000200020----TTTT    







 


 


B. INFORMATION ON NOISE/VIBRATION LEVELS DURING CONSTRUCTIONB. INFORMATION ON NOISE/VIBRATION LEVELS DURING CONSTRUCTIONB. INFORMATION ON NOISE/VIBRATION LEVELS DURING CONSTRUCTIONB. INFORMATION ON NOISE/VIBRATION LEVELS DURING CONSTRUCTION    


1. Construction Area (Location and Size in m1. Construction Area (Location and Size in m1. Construction Area (Location and Size in m1. Construction Area (Location and Size in m2222 or km or km or km or km2222), Construction Time (Month and/or Year) ), Construction Time (Month and/or Year) ), Construction Time (Month and/or Year) ), Construction Time (Month and/or Year) 
and Working Time (Daytime and/oand Working Time (Daytime and/oand Working Time (Daytime and/oand Working Time (Daytime and/or Evening and /or Nightr Evening and /or Nightr Evening and /or Nightr Evening and /or Night    ))))    


 The area in which the construction is to be completed is 1.375.000m2. 


 The working time at the construction phase of the refinery project shall be limited to 
the day hours between 07:00-19:00 without shifts. However, if necessary, it is possible to go 
beyond these work hours by obtaining the required permissions from the relevant authorities 
and by informing the communities which are possible to be affected by such extra work hours.  


2. Number and Types of the Machinery and Equipm2. Number and Types of the Machinery and Equipm2. Number and Types of the Machinery and Equipm2. Number and Types of the Machinery and Equipment to be usedent to be usedent to be usedent to be used    


 The number and types of the machinery and equipment to be used during construction 
are as follows: 5 bulldozers, 15 trucks, 5 generators, 5 excavators, 7 loaders, 2 road rollers, 1 
crane, 4 welding machines, and 2 water trucks to be used to prevent dust formation during 
construction.  


3. Simultaneous Works and their Positions3. Simultaneous Works and their Positions3. Simultaneous Works and their Positions3. Simultaneous Works and their Positions    


 The construction equipments shall not be operated at the project site simultaneously. 


4. Information on the Sound Power of Each of the Equipment and the Reference Sour4. Information on the Sound Power of Each of the Equipment and the Reference Sour4. Information on the Sound Power of Each of the Equipment and the Reference Sour4. Information on the Sound Power of Each of the Equipment and the Reference Source from ce from ce from ce from 
which such information is obtained.which such information is obtained.which such information is obtained.which such information is obtained.    


 At the plant, during the works to be carried out until the commissioning of the plant, 
the noise shall be caused mainly by the construction equipment. The construction equipment is 
given in Table 2Table 2Table 2Table 2. 
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Table 2. Main Construction Machines/Equipments to be used during construction and their QuantitiesTable 2. Main Construction Machines/Equipments to be used during construction and their QuantitiesTable 2. Main Construction Machines/Equipments to be used during construction and their QuantitiesTable 2. Main Construction Machines/Equipments to be used during construction and their Quantities    
    


Machine/EqMachine/EqMachine/EqMachine/Equipmentuipmentuipmentuipment    
Construction Construction Construction Construction 


Site/Equipment Site/Equipment Site/Equipment Site/Equipment 
QuantityQuantityQuantityQuantity    


Net Installed Net Installed Net Installed Net Installed 
Capacity P(kW)Capacity P(kW)Capacity P(kW)Capacity P(kW)    


Permitted Noise Permitted Noise Permitted Noise Permitted Noise 
Power Level dB/1 Power Level dB/1 Power Level dB/1 Power Level dB/1 


pWpWpWpW    
As from 3 January As from 3 January As from 3 January As from 3 January 
2006 II. Phase2006 II. Phase2006 II. Phase2006 II. Phase    


Noise Power LevelNoise Power LevelNoise Power LevelNoise Power Level    


Bulldozer 5 P<55 101 101 


Truck 15 P<55 101 101 


Water Truck 2 P<55 101 101 


Generator 5 2<Pel<10 96 + log Pel 97 


Excavator 5 P<55 101 101 


Loader 7 PS55 103 103 


Road Roller 2 8 < P < 70 106 106 


Crane 1 P<55 101 101 


Welding Machine 4 2<Pel<10 96 + log Pel 97 


* The Regulation on the Amendment to the Regulation on Surrounding Noise Emission Caused by the 
Equipment Used in Outdoor Places, enacted by being published the Official Gazette no. 26179 of 
27/05/2006. 
 
5. Calculation of Total Noise Level Caused by Construction (According to the Principle of the Outdoor 5. Calculation of Total Noise Level Caused by Construction (According to the Principle of the Outdoor 5. Calculation of Total Noise Level Caused by Construction (According to the Principle of the Outdoor 5. Calculation of Total Noise Level Caused by Construction (According to the Principle of the Outdoor 
Propagation of Sound; Taking the DisPropagation of Sound; Taking the DisPropagation of Sound; Taking the DisPropagation of Sound; Taking the Distance and Atmospheric Absorption into consideration) tance and Atmospheric Absorption into consideration) tance and Atmospheric Absorption into consideration) tance and Atmospheric Absorption into consideration)     
  
 Noise calculations have been made, at worst, for the cases in which all machines are operated 
simultaneously in the same place. But, at the site, all construction machines shall never be operated 
simultaneously in the same place. Therefore, the calculated noise levels are the maximum values to be 
perceived during the construction phase. 
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Construction Operations at the Construction Site:Construction Operations at the Construction Site:Construction Operations at the Construction Site:Construction Operations at the Construction Site:    
The sound power levels of the construction equipment to be used in the construction site shall be at the 
octave bands of 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz and total sound 
power level at each octave band (LWT) and total sound pressure level (LPT) are calculated by use of the 
following formulas.        
As moving away from the area of activity, equivalent noise level (Leq) decreases, as well. The equivalent 


noise levels at the points having a certain distance from and the settlements closest to the construction 
sites are given in Table 3Table 3Table 3Table 3. (Note: no atmospheric absorption (Aatm) has been applied to the distances of 0-
50 m.) 


 
ġ = Relative Humidity (72,74%) 
f = Frequency of Transmitted Sound (63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 KHz, 2 KHz, 
4 KHz and 8 KHz) 
r = distance from the source 
 
Leq (at 4000 Hz and at a distance of 100 m) 
 
 
 
 
 


 In the calculation of A-weighted sound pressure level, the following A-weighted correction terms 
have been used for each octave band and the results and total noise level calculated for a specific distance 
(Leq) are given in Table 4. 


For   63 Hz  = - 27 dB   For 1 KHz  = 0 dB 
           For 125 Hz               = - 15 dB   For 2 KHz  = 1 dB 
            For 250 Hz               = - 10 dB   For 4 KHz  = 1 dB 
            For 500 Hz               = -   3 dB   For 8 KHz  =-1 dB 
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Table 3. Construction Site Noise LevelsTable 3. Construction Site Noise LevelsTable 3. Construction Site Noise LevelsTable 3. Construction Site Noise Levels by Distance (dB) by Distance (dB) by Distance (dB) by Distance (dB)    
Noise Level (dB) 


Distance (m) 
63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 


10 86,9 86,9 86,9 86,9 86,9 86,9 86,9 86,9 
25 79,0 79,0 79,0 79,0 79,0 79,0 79,0 79,0 
50 72,9 72,9 72,9 72,9 72,9 72,9 72,9 72,9 


100 66,9 66,9 66,9 66,9 66,8 66,5 65,3 60,4 
250 59,0 58,9 58,9 58,9 58,7 57,9 54,9 42,7 
500 52,9 52,9 52,9 52,8 52,4 50,9 44,8 20,4 


1000 46,9 46,9 46,8 46,7 45,9 42,8 30,6 0,0 
2000 40,9 40,9 40,8 40,4 38,9 32,8 8,3 0,0 
5000 32,9 32,9 32,6 31,7 27,8 12,6 0,0 0,0 
7500 29,4 29,3 28,9 27,5 21,8 0,0 0,0 0,0 


 


Table 4. Construction Site Noise Levels by Distance (dBA)Table 4. Construction Site Noise Levels by Distance (dBA)Table 4. Construction Site Noise Levels by Distance (dBA)Table 4. Construction Site Noise Levels by Distance (dBA)    
Noise Level (dBA) Distance (m) 


Leq 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 
10 93,9 59,9 71,9 76,9 83,9 86,9 87,9 87,9 85,9 


25 85,9 52,0 64,0 69,0 76,0 79,0 80,0 80,0 78,0 


50 79,9 45,9 57,9 62,9 69,9 72,9 73,9 73,9 71,9 


100 72,7 39,9 51,9 56,9 63,9 66,8 67,5 66,3 59,4 


250 63,8 32,0 43,9 48,9 55,9 58,7 58,9 55,9 41,7 


500 56,9 25,9 37,9 42,9 49,8 52,4 51,9 45,8 19,4 


1000 49,7 19,9 31,9 36,8 43,7 45,9 43,8 31,6 0,0 


2000 42,3 13,9 25,9 30,8 37,4 38,9 33,8 9,3 0,0 


5000 32,1 5,9 17,9 22,6 28,7 27,8 13,6 0,0 0,0 


7500 27,3 2,4 14,3 18,9 24,5 21,8 0,0 0,0 0,0 


10000 23,9 0,0 11,8 16,3 21,4 16,7 0,0 0,0 0,0 
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 Chart 1. Construction Site Noise Levels during the Construction and Influence Distances Chart 1. Construction Site Noise Levels during the Construction and Influence Distances Chart 1. Construction Site Noise Levels during the Construction and Influence Distances Chart 1. Construction Site Noise Levels during the Construction and Influence Distances    
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6. Evaluation of Val6. Evaluation of Val6. Evaluation of Val6. Evaluation of Values Obtained as a Result of Calculation against article 23 of the Regulation on the ues Obtained as a Result of Calculation against article 23 of the Regulation on the ues Obtained as a Result of Calculation against article 23 of the Regulation on the ues Obtained as a Result of Calculation against article 23 of the Regulation on the 
Evaluation and Management of Environmental Noise (REMEN)  Evaluation and Management of Environmental Noise (REMEN)  Evaluation and Management of Environmental Noise (REMEN)  Evaluation and Management of Environmental Noise (REMEN)      
    
Environmental noise criteria for construction sitesEnvironmental noise criteria for construction sitesEnvironmental noise criteria for construction sitesEnvironmental noise criteria for construction sites    
    
    ARTICLE 23 ARTICLE 23 ARTICLE 23 ARTICLE 23 ––––    (1) The level of noise emitted from construction sites to environment and the criteria 
regarding the prevention of the noise are given below: 
 
 a)  The level of noise emitted from any type of operation carried out at construction sites may not 
exceed the limit values given in Table 5. 
  
 b) The construction operations at the sites within or around residential districts may not be carried 
out in the evening or at nights but in the daytime. 
    
 APPENDIX VII to REMEN/TableAPPENDIX VII to REMEN/TableAPPENDIX VII to REMEN/TableAPPENDIX VII to REMEN/Table----5: Environmental Noise Limits for Construction Sites5: Environmental Noise Limits for Construction Sites5: Environmental Noise Limits for Construction Sites5: Environmental Noise Limits for Construction Sites    


Activity Type (Construction,Activity Type (Construction,Activity Type (Construction,Activity Type (Construction, Demolition, Reparation) Demolition, Reparation) Demolition, Reparation) Demolition, Reparation)    LLLLdaytimedaytimedaytimedaytime (dBA) (dBA) (dBA) (dBA)    


Building 70 


Road 75 


Other Sources 70 


    Within the scope of the project, the construction works shall be carried out in just 1 site and the 
distance of the construction site from the surrounding settlements and the noise levels calculated at the 
settlements are given in Table 5Table 5Table 5Table 5 and Table 6Table 6Table 6Table 6, respectively. To calculate the noise levels exposed by the 
settlements, the cumulative influence (existing noise + noise caused by construction works) is found by 
logarithmically adding the noise levels caused by 1 construction site to the background noise 
measurements.      
 


Table 5. Approximate Distance of Construction Sites from Surrounding SettlementsTable 5. Approximate Distance of Construction Sites from Surrounding SettlementsTable 5. Approximate Distance of Construction Sites from Surrounding SettlementsTable 5. Approximate Distance of Construction Sites from Surrounding Settlements    
    


    Distance from the settlements (m)Distance from the settlements (m)Distance from the settlements (m)Distance from the settlements (m)    


    Petkim Lodging EstatePetkim Lodging EstatePetkim Lodging EstatePetkim Lodging Estate    


Construction SiConstruction SiConstruction SiConstruction Sitetetete    2271227122712271    


 
Note: When determining the distance from a settlement, the closest point of it to the construction site is 
based on.  
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Table 6. Noise Level Values Calculated at the Settlements (dBA)Table 6. Noise Level Values Calculated at the Settlements (dBA)Table 6. Noise Level Values Calculated at the Settlements (dBA)Table 6. Noise Level Values Calculated at the Settlements (dBA)    
 


Predicted Noise Level at the Settlement (dBA)Predicted Noise Level at the Settlement (dBA)Predicted Noise Level at the Settlement (dBA)Predicted Noise Level at the Settlement (dBA)    


Petkim Lodging EstatePetkim Lodging EstatePetkim Lodging EstatePetkim Lodging Estate    


 


LLLLdaytimedaytimedaytimedaytime (dBA) (dBA) (dBA) (dBA)    


Current NoiCurrent NoiCurrent NoiCurrent Noisesesese    52,952,952,952,9 


Noise Caused by  Construction Noise Caused by  Construction Noise Caused by  Construction Noise Caused by  Construction 
ActivitiesActivitiesActivitiesActivities    


40,940,940,940,9 


Cumulative Noise Level (dBA)Cumulative Noise Level (dBA)Cumulative Noise Level (dBA)Cumulative Noise Level (dBA)    53,253,253,253,2 


 
 
 As shown in Table 5Table 5Table 5Table 5, the cumulative influence of the project’s construction works calculated in the 
surrounding settlements is below the limit values set out in Table 5 of Article 23 of the Regulation on the 
Evaluation and Management of Environmental Noise. The calculations have been made, at worst, for the 
cases in which all machines are operated simultaneously in the same place. But, at the site, all construction 
machines shall never be operated simultaneously in the same place. Therefore, it is not possible for the 
noise caused by the construction works to negatively affect its surrounding settlements.  
 
7. In case of the presence of dwellings, hospitals and scho7. In case of the presence of dwellings, hospitals and scho7. In case of the presence of dwellings, hospitals and scho7. In case of the presence of dwellings, hospitals and schools close to the construction site, Evaluation of ols close to the construction site, Evaluation of ols close to the construction site, Evaluation of ols close to the construction site, Evaluation of 
whether any vibration is expected to be caused by the machines and equipment against Article 23 of the whether any vibration is expected to be caused by the machines and equipment against Article 23 of the whether any vibration is expected to be caused by the machines and equipment against Article 23 of the whether any vibration is expected to be caused by the machines and equipment against Article 23 of the 
Regulation on the Evaluation and Management of Environmental Noise; Commitment to take the necessary Regulation on the Evaluation and Management of Environmental Noise; Commitment to take the necessary Regulation on the Evaluation and Management of Environmental Noise; Commitment to take the necessary Regulation on the Evaluation and Management of Environmental Noise; Commitment to take the necessary 
memememeasures against potential noise formationasures against potential noise formationasures against potential noise formationasures against potential noise formation    
    
    There is no dwelling within a radius of 50 meters of the construction site.          
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C. C. C. C. INFORMATION ON BACKGROUND NOISEINFORMATION ON BACKGROUND NOISEINFORMATION ON BACKGROUND NOISEINFORMATION ON BACKGROUND NOISE    
1. Determination and Evaluation of the Existing Noise Level Out of the Closest Sensitive 1. Determination and Evaluation of the Existing Noise Level Out of the Closest Sensitive 1. Determination and Evaluation of the Existing Noise Level Out of the Closest Sensitive 1. Determination and Evaluation of the Existing Noise Level Out of the Closest Sensitive 
Building  to the Area iBuilding  to the Area iBuilding  to the Area iBuilding  to the Area in which the Plant is to be Established based on TS 9313 and 9798 n which the Plant is to be Established based on TS 9313 and 9798 n which the Plant is to be Established based on TS 9313 and 9798 n which the Plant is to be Established based on TS 9313 and 9798 
Standards. (If the Area in which the Plant is to be established is 500 m away from the Standards. (If the Area in which the Plant is to be established is 500 m away from the Standards. (If the Area in which the Plant is to be established is 500 m away from the Standards. (If the Area in which the Plant is to be established is 500 m away from the 
Buildings Sensitive to Noise, then the operator may have the measurements carried out in Buildings Sensitive to Noise, then the operator may have the measurements carried out in Buildings Sensitive to Noise, then the operator may have the measurements carried out in Buildings Sensitive to Noise, then the operator may have the measurements carried out in 
order to prevenorder to prevenorder to prevenorder to prevent the future complaints. Otherwise, this is not obligatory.)t the future complaints. Otherwise, this is not obligatory.)t the future complaints. Otherwise, this is not obligatory.)t the future complaints. Otherwise, this is not obligatory.)    
    
 Noise measurements have been carried out in the area on which the plant is 
established and the closest settlements. The closest settlement to the project site is Petkim 
Lodging Estate and the background noise values in connection thereof are given Table 6Table 6Table 6Table 6. The 
measurements have been carried out within the boundaries of the closest settlement and 
near-by the closest building to the project site; and the resulting values are employed.  
 
1.1 Determ1.1 Determ1.1 Determ1.1 Determination of the Points at which the background noise level measurement is to be ination of the Points at which the background noise level measurement is to be ination of the Points at which the background noise level measurement is to be ination of the Points at which the background noise level measurement is to be 
carried out (Carrying out measurements in the buildings around the plant based on the carried out (Carrying out measurements in the buildings around the plant based on the carried out (Carrying out measurements in the buildings around the plant based on the carried out (Carrying out measurements in the buildings around the plant based on the 
calculation or measurement points and values in determining the potential Environmental calculation or measurement points and values in determining the potential Environmental calculation or measurement points and values in determining the potential Environmental calculation or measurement points and values in determining the potential Environmental 
NoiNoiNoiNoise Level after the plant has been put into operation)se Level after the plant has been put into operation)se Level after the plant has been put into operation)se Level after the plant has been put into operation)    
 
 The measurement points have been designated for determining the potential 
environmental noise level of the Refinery Project planned to be realized by SOCAR & TURCAS 
Refinery Corp and daytime noise level measurements have been carried out at 4 points 
around the plant and Petkim Lodging Estate, which is the closest settlement to the project 
site. The values obtained as a result of the measurements are given in Table 6Table 6Table 6Table 6.  
 
1.2. Distance of the Measurement 1.2. Distance of the Measurement 1.2. Distance of the Measurement 1.2. Distance of the Measurement Points from the Project SitePoints from the Project SitePoints from the Project SitePoints from the Project Site    
The noise measurements have been carried out so that the distance of each point from the 
plant site is at least 1 m.  
 
1.3. Distance between the measurement points1.3. Distance between the measurement points1.3. Distance between the measurement points1.3. Distance between the measurement points    
 
        MeasurementMeasurementMeasurementMeasurement        DescriptionDescriptionDescriptionDescription                DistanceDistanceDistanceDistance    
                                            No     No     No     No                                                     (meter)(meter)(meter)(meter)    
                            1 --2 Distance between the measurement point   1000 


1--3 Distance between the measurement point   1200 
1--4 Distance between the measurement point   1700 
1--5 Distance between the measurement point   2400 
2--3 Distance between the measurement point       750 
2--4 Distance between the measurement point     950 
2--5 Distance between the measurement point   2350 
3--4 Distance between the measurement point     580 
3--5 Distance between the measurement point   3050 
4--5 Distance between the measurement point   3250 
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1.4. Duration (in the range of 51.4. Duration (in the range of 51.4. Duration (in the range of 51.4. Duration (in the range of 5----15 min, depending on the noise type) and Date of Measurement, 15 min, depending on the noise type) and Date of Measurement, 15 min, depending on the noise type) and Date of Measurement, 15 min, depending on the noise type) and Date of Measurement, 
Measurement ParameMeasurement ParameMeasurement ParameMeasurement Parameters and Measurement Results (Records for Measurements, if any)ters and Measurement Results (Records for Measurements, if any)ters and Measurement Results (Records for Measurements, if any)ters and Measurement Results (Records for Measurements, if any)    
     
 The measurements have been carried out at 11 minutes intervals. Date, durations and results of 
the measurements are given in Table 7Table 7Table 7Table 7.     


 
Table 7. Other Daytime Measurement ParametersTable 7. Other Daytime Measurement ParametersTable 7. Other Daytime Measurement ParametersTable 7. Other Daytime Measurement Parameters    


Noise Level Hz(dB)Noise Level Hz(dB)Noise Level Hz(dB)Noise Level Hz(dB)    
MeasureMeasureMeasureMeasurement ment ment ment 


PointPointPointPoint    
LegLegLegLeg    63636363    125125125125    250250250250    500500500500    1k1k1k1k    2k2k2k2k    4k4k4k4k    8k8k8k8k    Measurement Measurement Measurement Measurement 


PlacePlacePlacePlace    
Measurement Date Measurement Date Measurement Date Measurement Date 


& Time& Time& Time& Time    


Measurement Measurement Measurement Measurement 
Duration (hours: Duration (hours: Duration (hours: Duration (hours: 


minutes)minutes)minutes)minutes)    


1111    57,957,957,957,9    35,535,535,535,5    44,044,044,044,0    49,149,149,149,1    53,453,453,453,4    51,251,251,251,2    10,010,010,010,0    10,010,010,010,0    10,010,010,010,0    Plant 
Surrounding 


02.03.09 15:4502.03.09 15:4502.03.09 15:4502.03.09 15:45    11:00,011:00,011:00,011:00,0    


2222    52,152,152,152,1    39,039,039,039,0    40,240,240,240,2    44444444,2,2,2,2    44,844,844,844,8    48,148,148,148,1    10,010,010,010,0    10,010,010,010,0    10,010,010,010,0    Plant 
Surrounding 


02.03.09 16:0102.03.09 16:0102.03.09 16:0102.03.09 16:01    11:00,011:00,011:00,011:00,0    


3333    48,148,148,148,1    32,032,032,032,0    34,434,434,434,4    34,934,934,934,9    39,639,639,639,6    45,345,345,345,3    10,010,010,010,0    10,010,010,010,0    10,010,010,010,0    Plant 
Surrounding 


02.03.09 16:2002.03.09 16:2002.03.09 16:2002.03.09 16:20    11:00,011:00,011:00,011:00,0    


4444    48,048,048,048,0    35,435,435,435,4    39,339,339,339,3    34,434,434,434,4    37,537,537,537,5    53,653,653,653,6    10,010,010,010,0    10,010,010,010,0    10,010,010,010,0    Plant 
Surrounding 


02.03.09 16:3502.03.09 16:3502.03.09 16:3502.03.09 16:35    11:00,011:00,011:00,011:00,0    


Pektim Lodging 
Estate 


52,952,952,952,9    36,436,436,436,4    42,442,442,442,4    44,644,644,644,6    44,344,344,344,3    49,349,349,349,3    10,010,010,010,0    10,010,010,010,0    10,010,010,010,0    
Pektim L. 


02.03.09 17:2502.03.09 17:2502.03.09 17:2502.03.09 17:25    11:00,011:00,011:00,011:00,0    


 
1.5. Measurement Height1.5. Measurement Height1.5. Measurement Height1.5. Measurement Height    
 
 The measurements have been carried out at the height of 1.5 m. 
 
1.6. Measurement Methodology1.6. Measurement Methodology1.6. Measurement Methodology1.6. Measurement Methodology    
    
The measurements have been carried out based on the following methodologies.     
    


• Standard Operation Instruction for Ekotest Noise Measurements (TL 14) 
• TS 9315:1991 
• TS 9798:1992 


 
1.7. Information on the Measurement Instruments Used in the Measurements (Serial No., Type, Model and 1.7. Information on the Measurement Instruments Used in the Measurements (Serial No., Type, Model and 1.7. Information on the Measurement Instruments Used in the Measurements (Serial No., Type, Model and 1.7. Information on the Measurement Instruments Used in the Measurements (Serial No., Type, Model and 
Manufacturer of the Manufacturer of the Manufacturer of the Manufacturer of the Instrument)Instrument)Instrument)Instrument)    
 
The measurements have been carried out by use of the noise measurement instrument Model 480 Type-1 
(Instrument No: 16, Serial No: 043295) manufactured by CEL company. The technical properties of the 
instrument are given below: 
 
CEL Noise MeasuCEL Noise MeasuCEL Noise MeasuCEL Noise Measurement Instrument Model 480 Typerement Instrument Model 480 Typerement Instrument Model 480 Typerement Instrument Model 480 Type----1:1:1:1:    


• This instrument is suitable for determining different measurement ranges based on the ambient level 
at different measurement points. These measurement ranges can be 10-80, 20-90, 30-100, 40-110, 
50-120, 60-130 and 70-140 dB. 


• The instrument automatically saves the measurement values in its memory. 
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• The instrument can be set to 4 different measurement parameters. User can adjust the 
desired parameters by use of this feature.  


• The instrument can calculate equivalent noise level (Leq), Lep.d and average, minimum and 
maximum noise levels as well as such noise levels at a specific percentage of the 
measurement duration.  


 
1.8. Calibration Method, Calibration 1.8. Calibration Method, Calibration 1.8. Calibration Method, Calibration 1.8. Calibration Method, Calibration Levels, and Calibration Certificate of the Measurement Levels, and Calibration Certificate of the Measurement Levels, and Calibration Certificate of the Measurement Levels, and Calibration Certificate of the Measurement 
Instrument   Instrument   Instrument   Instrument       
 
The calibration certificate of the measurement instrument is given in APPENDIX 2APPENDIX 2APPENDIX 2APPENDIX 2. 
 
1.9. Institution carrying out the measurement (Name, Pre1.9. Institution carrying out the measurement (Name, Pre1.9. Institution carrying out the measurement (Name, Pre1.9. Institution carrying out the measurement (Name, Pre----Qualification/ Qualification Certificate)Qualification/ Qualification Certificate)Qualification/ Qualification Certificate)Qualification/ Qualification Certificate)    
The training attendance certificate of the staff member carrying out the measurement is given in 
APPENDIX 3APPENDIX 3APPENDIX 3APPENDIX 3 and the accreditation certificate and qualification certificate of EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre 
Danışmanlık Ölçüm Hizmetleri Ltd. ŞtiDanışmanlık Ölçüm Hizmetleri Ltd. ŞtiDanışmanlık Ölçüm Hizmetleri Ltd. ŞtiDanışmanlık Ölçüm Hizmetleri Ltd. Şti in APPENDIX 4APPENDIX 4APPENDIX 4APPENDIX 4. 
 
1.10. Evaluation 1.10. Evaluation 1.10. Evaluation 1.10. Evaluation of the Background Noise Level Measured based on the Articles 27 and 28 of of the Background Noise Level Measured based on the Articles 27 and 28 of of the Background Noise Level Measured based on the Articles 27 and 28 of of the Background Noise Level Measured based on the Articles 27 and 28 of 
REMENREMENREMENREMEN    
 
Noise Exposure categoriesNoise Exposure categoriesNoise Exposure categoriesNoise Exposure categories    
 ARTICLE 27 ARTICLE 27 ARTICLE 27 ARTICLE 27 –––– (1) The following noise exposure categories are taken in consideration in 
determining the compliant areas at the planning phase: 
 a) Area Category A (in Ldaytime <55 dBA): In planning decisions, measurements are taken 
against noise in a manner to maintain the existing silence taking the existing or planned areas of 
use very sensitive to noise into consideration. The noise at the highest level of this category is not 
disturbing.  
 
Based on the daytime noise measurements around the plant, as given in Table 7Table 7Table 7Table 7, LLLLdaytimedaytimedaytimedaytime:59,6 dBA:59,6 dBA:59,6 dBA:59,6 dBA 
average A-averaged long term sound level values has been calculated according to the points given in 
APPENDIX – I of REMEN and these values are 55-64 dBA in Ldaytime. Therefore, pursuant to the paragraph 
b of article 27 of the Regulation on Assessment and Management of Environmental Noise, the 
background noise level should be taken into consideration in planning decisions and when issuing 
planning permit, in order to protect the areas of high- and medium-level use. Measure are taken 
against noise if necessary.  
The results of the daytime measurements carried out in Petkim Lodging Estate nearby the plant 
are below 55 dBA in Ldaytime, which is the limit value given in the relevant regulation. 
 
The mandatory criteria in planning phaseThe mandatory criteria in planning phaseThe mandatory criteria in planning phaseThe mandatory criteria in planning phase    
 ARTICLE 28 ARTICLE 28 ARTICLE 28 ARTICLE 28 –––– (1)  (1)  (1)  (1) The following criteria are mandatory for the activities carried out at 
planning phase. 
 a) For the architectural projects of the buildings which are to be built after the effective 
date of this regulation, it is mandatory to meet the limit values given in Table 9 of APPENDIX – VIII 
of this Regulation depending upon the building types.  
 b) At the planning phase, the existing settlements and buildings such as transportation, 
industrial or manufacturing facilities, workshops, entertainment venues or similar facilities, which are 
located around the planned project site shall be assessed by the categories given in Article 27 based 
on their future situations according to their zoning plan. In case of nonconformance, they shall not be 
permitted to operate. 
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 c) During the preparation process of Environmental Plan, Regulatory Development Plan 
and Application Development Plan and for the performance of acoustic planning and the 
determination of the silent areas in the settlements and the outdoor places, it is obligatory for the 
noise maps and action plans to be require as APPENDIX to the plans and be based on in decision 
regarding the plans. 
 d) In order to ensure a more silent environment in the areas in which there are sites and 
buildings sensitive to noise, such as hospitals, schools, parks, camps, holiday resorts, dwelling 
estates, hotels, old age asylums, and similar facilities, additional restrictive actions may be taken 
by the municipality if such areas are within the municipal boundaries and neighboring regions, or 
by the special provincial administration delegated, if such areas are not out of the municipal 
boundaries and and neighboring regions, or by Provincial Department of Environment and 
Forestry, if there is no delegation. In this context, temporary or permanent restriction decisions 
may be made regarding the environmental noise level in a new noise source planned to be 
established in the area or it may be forbidden to found new establishment within the boundaries 
of such areas.  
 
 There is no building sensitive to noise, such as cultural facilities, health facilities, 
educational facilities, tourism settlements, protected areas, commercial buildings, state institutes 
and organizations, sport facilities or dwelling estates, within the immediate vicinity of the area of 
the Refinery project planned to be completed by SOCAR & TURCAS Rafineri A.Ş. 
 
D. INFORMATION ON THE NOISE/VIBRATION LEVELS WHICH MAY BE CAUSED DURING OPERATIOND. INFORMATION ON THE NOISE/VIBRATION LEVELS WHICH MAY BE CAUSED DURING OPERATIOND. INFORMATION ON THE NOISE/VIBRATION LEVELS WHICH MAY BE CAUSED DURING OPERATIOND. INFORMATION ON THE NOISE/VIBRATION LEVELS WHICH MAY BE CAUSED DURING OPERATION    
 
1. The Noise Sources that will take place 1. The Noise Sources that will take place 1. The Noise Sources that will take place 1. The Noise Sources that will take place in the plant/establishment and their locations; in the plant/establishment and their locations; in the plant/establishment and their locations; in the plant/establishment and their locations; 
Information on the levels and nature of sound power of the noise sources, if any.Information on the levels and nature of sound power of the noise sources, if any.Information on the levels and nature of sound power of the noise sources, if any.Information on the levels and nature of sound power of the noise sources, if any.    
 
 The machinery and equipment to be used during the Refinery project planned to be 
completed by SOCAR & TURCAS Rafineri A.Ş. are listed in Table 8Table 8Table 8Table 8. The noise to be emitted during 
operation is expected to be caused by the process units of the plants which will routinely and 
continuously operate. 
 
Table 8. Main Machinery and Equipment to be Used in the Plant and their Sound Power LTable 8. Main Machinery and Equipment to be Used in the Plant and their Sound Power LTable 8. Main Machinery and Equipment to be Used in the Plant and their Sound Power LTable 8. Main Machinery and Equipment to be Used in the Plant and their Sound Power Levelsevelsevelsevels    


    


Noise SourceNoise SourceNoise SourceNoise Source    QuantityQuantityQuantityQuantity    
Sound Power Level* dB Sound Power Level* dB Sound Power Level* dB Sound Power Level* dB 


(L(L(L(LWWWW))))    


Pump 78 73,8 


Compressor 13 106,1 


Furnace 18 104,3 


Flare Flue 2 112,1 


** Sound power levels of the noise sources are quoted from the software SourceDB Version 1.1. 
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2. Calculation of Total Noise Level of Noise Sources by using Volume Power Le2. Calculation of Total Noise Level of Noise Sources by using Volume Power Le2. Calculation of Total Noise Level of Noise Sources by using Volume Power Le2. Calculation of Total Noise Level of Noise Sources by using Volume Power Levels,if vels,if vels,if vels,if 
any.(Considering the operation of facility in full capacity)  (According to the Principle of the any.(Considering the operation of facility in full capacity)  (According to the Principle of the any.(Considering the operation of facility in full capacity)  (According to the Principle of the any.(Considering the operation of facility in full capacity)  (According to the Principle of the 
Outdoor Propagation of Sound; Taking the Distance and Atmospheric Absorption into Outdoor Propagation of Sound; Taking the Distance and Atmospheric Absorption into Outdoor Propagation of Sound; Taking the Distance and Atmospheric Absorption into Outdoor Propagation of Sound; Taking the Distance and Atmospheric Absorption into 
consideration)consideration)consideration)consideration)    
    
The sound power levels of the operation equipment to be used in the construction site shall be at 
the octave bands of 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz and 8000 Hz and 
total sound power level at each octave band (LWT) and total sound pressure level (LPT) are 
calculated by use of the following formulas. 
 
 
        
    
    
    


As moving away from the operational area, the equivalent noise level (Leq) decreases. The 
calculations for the equivalent noise level expected to reach to the points having a certain 
distance from the operational area and to the settlements around the operational area are given 
in Table 9Table 9Table 9Table 9. (Note: no atmospheric absorption (Aatm) has been applied to the distances of 0-50 m.)
        


    
    
    


    
f = Frequency of Transmitted Sound  (63 Hz,125 Hz,250 Hz, 500 Hz,1 KHz,2KHz,4KHZ,8KHz 
 
r = distance from the source 
ġ = Relative Humidity (72,74%) 
LeqLeqLeqLeq (at 4000 Hz and at a distance of 100 m) 
 


 
 In the calculation of A-weighted sound pressure level, the following A-weighted 
correction terms have been used for each octave band and the results and total noise level 
calculated for a specific distance (Leq) are given in Table 10Table 10Table 10Table 10. 
 


For   63 Hz  = - 27 dB   For 1 KHz  = 0 dB 
           For 125 Hz               = - 15 dB   For 2 KHz  = 1 dB 
            For 250 Hz               = - 10 dB   For 4 KHz  = 1 dB 
            For 500 Hz               = -   3 dB   For 8 KHz  =-1 dB 
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Table 9. Estimated Noise Level Values during Operation by Distance (dB)Table 9. Estimated Noise Level Values during Operation by Distance (dB)Table 9. Estimated Noise Level Values during Operation by Distance (dB)Table 9. Estimated Noise Level Values during Operation by Distance (dB)    
Noise Level (dB) 


Distance (m) 
63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 


10 90,3 90,3 90,3 90,3 90,3 90,3 90,3 90,3 
25 82,3 82,3 82,3 82,3 82,3 82,3 82,3 82,3 
50 76,3 76,3 76,3 76,3 76,3 76,3 76,3 76,3 


100 70,3 70,3 70,3 70,3 70,2 69,9 68,7 63,8 
250 62,3 62,3 62,3 62,3 62,1 61,3 58,3 46,0 
500 56,3 56,3 56,3 56,2 55,8 54,3 48,2 23,7 


1000 50,3 50,3 50,2 50,0 49,3 46,2 34,0 0,0 
2000 44,3 44,2 44,1 43,8 42,2 36,1 11,7 0,0 
5000 36,3 36,2 36,0 35,0 31,2 16,0 0,0 0,0 
7500 32,8 32,7 32,3 30,9 25,2 2,3 0,0 0,0 


 


Table 10. Estimated Noise Level Values duriTable 10. Estimated Noise Level Values duriTable 10. Estimated Noise Level Values duriTable 10. Estimated Noise Level Values during Operation by Distance (dBA)ng Operation by Distance (dBA)ng Operation by Distance (dBA)ng Operation by Distance (dBA)    
Noise Level (dBA) Distance (m) 


Leq 63 Hz 125 Hz 250 Hz 500 Hz 1000 Hz 2000 Hz 4000 Hz 8000 Hz 
10 97,2 63,3 75,3 80,3 87,3 90,3 91,3 91,3 89,3 


25 89,3 55,3 67,3 72,3 79,3 82,3 83,3 83,3 81,3 


50 83,2 49,3 61,3 66,3 73,3 76,3 77,3 77,3 75,3 


100 76,1 43,3 55,3 60,3 67,3 70,2 70,9 69,7 62,8 


250 67,2 35,3 47,3 52,3 59,3 62,1 62,3 59,3 45,0 


500 60,3 29,3 41,3 46,3 53,2 55,8 55,3 49,2 22,7 


1000 53,1 23,3 35,3 40,2 47,0 49,3 47,2 35,0 0,0 


2000 45,7 17,3 29,2 34,1 40,8 42,2 37,1 12,7 0,0 


5000 35,5 9,3 21,2 26,0 32,0 31,2 17,0 1,0 0,0 


7500 30,7 5,8 17,7 22,3 27,9 25,2 3,3 1,0 0,0 


10000 27,6 3,2 15,1 19,6 24,7 20,1 1,0 1,0 0,0 
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Chart 2. Construction Site Noise Levels during Operation and Influence DistancesChart 2. Construction Site Noise Levels during Operation and Influence DistancesChart 2. Construction Site Noise Levels during Operation and Influence DistancesChart 2. Construction Site Noise Levels during Operation and Influence Distances    


 
Distance (m)Distance (m)Distance (m)Distance (m) 


 
This report is relevant to the Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurements dated 02.03.200902.03.200902.03.200902.03.2009 of the Refinery Project of SOCAR & TURCAS Rafineri A.Ş only and may not be partially copied or reproduced 
without prior written consent of EKOTEST Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti.EKOTEST Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti.EKOTEST Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti.EKOTEST Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti. Unsigned or unsealed reports are invalid. Test results are relevant only to the process conditions existing 
during the measurement task. Our accreditation is limited to the coverage of the test methods given in General Principles only. Our accreditation does not include the sufficiency of the 
otherwise-expressed opinions and comments. 


(Sealed) 
09090909----126/G126/G126/G126/G----021021021021----01/24.03.200901/24.03.200901/24.03.200901/24.03.2009                                                                                                          21/40  21/40  21/40  21/40                 Accreditation No: AB Accreditation No: AB Accreditation No: AB Accreditation No: AB----0020002000200020----TTTT







 


 


3. Evaluation of Values Obtained as a Result of Calculation based on the article 22 of REMEN 3. Evaluation of Values Obtained as a Result of Calculation based on the article 22 of REMEN 3. Evaluation of Values Obtained as a Result of Calculation based on the article 22 of REMEN 3. Evaluation of Values Obtained as a Result of Calculation based on the article 22 of REMEN     
    


Environmental noise criteriaEnvironmental noise criteriaEnvironmental noise criteriaEnvironmental noise criteria for industrial facilities, establishments and workplaces for industrial facilities, establishments and workplaces for industrial facilities, establishments and workplaces for industrial facilities, establishments and workplaces    
    


    ARTICLE 22 ARTICLE 22 ARTICLE 22 ARTICLE 22 ––––    (1) The level of noise emitted from industrial facilities, workshops, factories 
and workplaces to environment are given below: 
 


 a)  The level of noise emitted from each industrial facility may not exceed the limit values 
given in Table 5 of APPENDIX – VIII to this Regulation. 


 


APPENDIX VIII to REMEN/TableAPPENDIX VIII to REMEN/TableAPPENDIX VIII to REMEN/TableAPPENDIX VIII to REMEN/Table----4: Environmental Noise Limits for Industrial Facilities4: Environmental Noise Limits for Industrial Facilities4: Environmental Noise Limits for Industrial Facilities4: Environmental Noise Limits for Industrial Facilities    
 


AreasAreasAreasAreas    LLLLdaytimedaytimedaytimedaytime (dBA) (dBA) (dBA) (dBA)    LLLLeveningeveningeveningevening (dBA) (dBA) (dBA) (dBA)    LLLLnightnightnightnight (dBA) (dBA) (dBA) (dBA)    


Commercial areas in commercial and noise-
sensitive areas 


68 63 58 


 


    b) The environmental noise level emitting from the operations of any workplace, workshop, 
factory or similar establishment may not exceed a background noise level of 5 dBA in noise indication of 
Leq.     
    


TabTabTabTable 11: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant le 11: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant le 11: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant le 11: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant 
(m)(m)(m)(m)    


SettlementsSettlementsSettlementsSettlements        


Petkim Lodging EstatePetkim Lodging EstatePetkim Lodging EstatePetkim Lodging Estate    


Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)    2271 


Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)    44,3 


Daytime background Noise MeasureDaytime background Noise MeasureDaytime background Noise MeasureDaytime background Noise Measurements (dBA)ments (dBA)ments (dBA)ments (dBA)    52,9 


Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)    54,0 


    


 It is seen that daytime cumulative noise levels calculated in the surrounding settlements 
and shown in Table 11Table 11Table 11Table 11 are below the daytime limit values given. 
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Table 12: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant Table 12: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant Table 12: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant Table 12: Approximate Distance of the Surrounding Settlements to the Boundaries of the Plant 
and P&K 2714 Model resultsand P&K 2714 Model resultsand P&K 2714 Model resultsand P&K 2714 Model results    


SettlementsSettlementsSettlementsSettlements        


PetPetPetPetkim Lodging Estatekim Lodging Estatekim Lodging Estatekim Lodging Estate    


Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)Distance from the Plant Boundary (m)    2271 


Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)Calculated Noise Levels in Operation (dBA)    26,7 


Daytime background Noise Measurements (dBA)Daytime background Noise Measurements (dBA)Daytime background Noise Measurements (dBA)Daytime background Noise Measurements (dBA)    52,9 


Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)Daytime Cumulative Noise Level (dBA)    52,9 


 
The reasons for the difference between the results obtained from Model P&K 2714 and the 


manual calculations are as follows: 
  


• In the calculation made by the Model, the location of the noise sources during the operation 
of the plant is given as the actual location. But in the manual calculations, it is assumed that 
all noise sources are located at the closest point of the plant to the settlements.  


• The buildings between the noise sources and the closest settlement are entered into the 
Model. But in the manual calculations, it is assumed that there is no building in between.  


• Source can be entered into the Model as point or area. Manual calculations consider the 
source as a point.  


   
4.  Undertaking to obtain the noise control permit based on the Acoustic Report for the plants 4.  Undertaking to obtain the noise control permit based on the Acoustic Report for the plants 4.  Undertaking to obtain the noise control permit based on the Acoustic Report for the plants 4.  Undertaking to obtain the noise control permit based on the Acoustic Report for the plants 
subject to permission, within 6subject to permission, within 6subject to permission, within 6subject to permission, within 6 months from the commissioning of the plant months from the commissioning of the plant months from the commissioning of the plant months from the commissioning of the plant    
 Operator has undertaken to obtain the said Noise Control Permit within 6 months from 
the commissioning of the plant.  
    


5. In case the plant is close to the very sensitive areas of use, undertaking to carry out 5. In case the plant is close to the very sensitive areas of use, undertaking to carry out 5. In case the plant is close to the very sensitive areas of use, undertaking to carry out 5. In case the plant is close to the very sensitive areas of use, undertaking to carry out 
eeeenvironmental vibration measurements to be evaluated within the context of article 25 of REMEN nvironmental vibration measurements to be evaluated within the context of article 25 of REMEN nvironmental vibration measurements to be evaluated within the context of article 25 of REMEN nvironmental vibration measurements to be evaluated within the context of article 25 of REMEN 
after the commissioning of the plant, after the commissioning of the plant, after the commissioning of the plant, after the commissioning of the plant,     
   In case the plant is close to the very sensitive areas of use, the Operator has undertaken 
to comply with the vibration provisions of the Article 25 of REMEN after the commissioning of the 
plant. 
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E. INFORMATION ON CONTROL MEASURESE. INFORMATION ON CONTROL MEASURESE. INFORMATION ON CONTROL MEASURESE. INFORMATION ON CONTROL MEASURES    
    
1. Information of the control measures to be taken if the environmental noise level estimated for 1. Information of the control measures to be taken if the environmental noise level estimated for 1. Information of the control measures to be taken if the environmental noise level estimated for 1. Information of the control measures to be taken if the environmental noise level estimated for 
the construction phase exceeds the limit vales given in REMENthe construction phase exceeds the limit vales given in REMENthe construction phase exceeds the limit vales given in REMENthe construction phase exceeds the limit vales given in REMEN    
    
 The noise caused by the Refinery Project planned to be completed by SOCAR & TURCAS 
Refinery Corp has been calculated, at worst, for the cases in which all machines are operated 
simultaneously in the same place. But, at the site, all construction machines shall never be 
operated simultaneously in the same place. The calculated noise levels of the project site for the 
construction and operation phases are below the limit values set out in REMEN. But, at the site, all 
construction machines shall never be operated simultaneously in the same place. Therefore, the noise 
levels to be emitted during the construction and operation are expected to be lower than the calculated 
noise levels. Given the position of the project site and the techniques used, although it is not expected that 
with a possible change, the calculated sound levels exceed the limit values, the company has undertaken 
to take necessary control measures based on the standards set out in REMEN, if not so. 
 
 If the noise exceeds the limit values, it shall be ensured that the noise is controlled at source and 
the sound power levels of the machinery and equipment are minimized by taking the advantage of the 
technology for decreasing the sound power emitted from the sound source.  
 
2. Operator’s undertaking to implement the control meas2. Operator’s undertaking to implement the control meas2. Operator’s undertaking to implement the control meas2. Operator’s undertaking to implement the control measures required to be taken In case the limit values ures required to be taken In case the limit values ures required to be taken In case the limit values ures required to be taken In case the limit values 
are not met given the environmental noise and vibration measurements to be carried out by a plant are not met given the environmental noise and vibration measurements to be carried out by a plant are not met given the environmental noise and vibration measurements to be carried out by a plant are not met given the environmental noise and vibration measurements to be carried out by a plant 
subject to permission after commissioning     subject to permission after commissioning     subject to permission after commissioning     subject to permission after commissioning         
 
 The operator has undertaken to comply with the content of the project information file 
and all of the said regulations. Upon the commissioning of the Power Plant, the operator shall 
have all required noise measurement carried out and if the results of the measurements exceed 
the limit values, the necessary measures   shall be taken. In addition, the operator has 
undertaken to comply with the vibration provisions of the Article 25 of REMEN. 
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APPENDIX IAPPENDIX IAPPENDIX IAPPENDIX I    
 


LAYOUT SHOWING THE MEASUREMENT POINTS; NOISE LAYOUT SHOWING THE MEASUREMENT POINTS; NOISE LAYOUT SHOWING THE MEASUREMENT POINTS; NOISE LAYOUT SHOWING THE MEASUREMENT POINTS; NOISE 
DISTRIBUTION MAP AND MODEL INPUTSDISTRIBUTION MAP AND MODEL INPUTSDISTRIBUTION MAP AND MODEL INPUTSDISTRIBUTION MAP AND MODEL INPUTS    
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Noise measurement points 
Daytime Noise Level dBA 


SOCAR&TURCAS  RafineSOCAR&TURCAS  RafineSOCAR&TURCAS  RafineSOCAR&TURCAS  Rafineri A.Ş.ri A.Ş.ri A.Ş.ri A.Ş.    
NOISE MEASUREMENT POINTSNOISE MEASUREMENT POINTSNOISE MEASUREMENT POINTSNOISE MEASUREMENT POINTS    
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Nr Name Dispersion Reflection X Y Length Width Angle Height 


D D [dB]/Name [dB]/Name [m] [m] [m] [m] n [m] 


1 
DELAYED COKER 


Concrete 
Dispersion 


Concrete 
Reflection 


-280,1 1105,8 120,0 275,0 -8,0 60,0 


2 
SERVICE BUILDING 


Concrete 
Dispersion 


Concrete 
Reflection 


-207,1 529,2 100,0 150,0 3,0 60,0 


3 
CRUDE 
OUL/VACUUM/SATURATED 
GAS RECOVERY UNIT 


Concrete 
Dispersion 


Concrete 
Reflection 


81,0 -118,7 80,0 140,0 0,0 60,0 


4 
HYDROGEN UNIT 


Concrete 
Dispersion 


Concrete 
Reflection 


181,4 -114,3 85,0 140,0 0,0 60,0 


5 
HYDROCRACKER 


Concrete 
Dispersion 


Concrete 
Reflection 


280,6 -168,9 60,0 250,0 0,0 60,0 


6 
WASTE WATER RECOVERY 
UNIT  1 


Concrete 
Dispersion 


Concrete 
Reflection 


355,0 -200,0 80,0 50,0 0,0 60,0 


7 
WASTE WATER RECOVERY 
UNIT  2 


Concrete 
Dispersion 


Concrete 
Reflection 


355,0 -255,0 80,0 50,0 0,0 60,0 


8 
LOADING 


Concrete 
Dispersion 


Concrete 
Reflection 


452,3 -246,4 105,0 65,0 0,0 60,0 


9 
DIESEL HYDROTREATING 
UNIT 


Concrete 
Dispersion 


Concrete 
Reflection 


153,9 -265,0 60,0 120,0 0,0 60,0 


10 
JET FUEL HYDROTREATING 
UNIT 


Concrete 
Dispersion 


Concrete 
Reflection 


81,7 -265,0 60,0 120,0 0,0 60,0 


11 
Building 1 


Concrete 
Dispersion 


Concrete 
Reflection 


382,0 -749,0 130,0 410,0 -15,0 60,0 


12 
Building 2 


Concrete 
Dispersion 


Concrete 
Reflection 


1047,0 -897,0 250,0 250,0 -15,0 60,0 


13 
Building 3 


Concrete 
Dispersion 


Concrete 
Reflection 


597,0 1563,0 230,0 500,0 -15,0 60,0 


14 
Building 4 


Concrete 
Dispersion 


Concrete 
Reflection 


1229,0 1214,0 230,0 500,0 -15,0 60,0 


15 
Building 5 


Concrete 
Dispersion 


Concrete 
Reflection 


895,0 1758,0 200,0 600,0 -15,0 60,0 


16 
Building 6 


Concrete 
Dispersion 


Concrete 
Reflection 


609,0 2231,0 200,0 350,0 -15,0 60,0 
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F- Name Obstacle X Y Z Area Interior Attenuation 
D D D [m] [m] [m] [m2] [dB] [dB] 
1 ROOF DELAYED COKER 0 0 60 33000 108,3 Trapezoid metal 
2 NORTH DELAYED COKER 0 137,5 0 1200 108,3 Concrete 
3 SOUTH DELAYED COKER 0 - 0 1200 108,3 Concrete 
4 WEST DELAYED COKER -60 0 0 2750 108,3 Concrete 
5 EAST DELAYED COKER 60 0 0 2750 108,3 Concrete 
6 ROOF SERVICE BUILDING 0 0 60 15000 110,9 Trapezoid metal 
7 NORTH SERVICE BUILDING 0 75 0 1000 110,9 Concrete 
8 SOUTH SERVICE BUILDING 0 -75 0 1000 110,9 Concrete 
9 WEST SERVICE BUILDING -50 0 0 1500 110,9 Concrete 
10 EAST SERVICE BUILDING 50 0 0 1500 110,9 Concrete 
11 ROOF CRUDE OIL /VACUUM/SATURATED GAS RECOVERY UNIT  0 0 60 11200 109,1 Trapezoid metal 
12 NORTH CRUDE OIL /VACUUM/SATURATED GAS RECOVERY UNIT   0 70 0 800 109,1 Concrete 
13 SOUTH CRUDE OIL /VACUUM/SATURATED GAS RECOVERY UNIT   0 -70 0 800 109,1 Concrete 
14 WEST CRUDE OIL /VACUUM/SATURATED GAS RECOVERY UNIT  -40 0 0 1400 109,1 Concrete 
15 EAST CRUDE OIL /VACUUM/SATURATED GAS RECOVERY UNIT  40 0 0 1400 109,1 Concrete 
16 ROOF HYDROGEN UNIT 0 0 60 11900 113,1 Trapezoid metal 
17 NORTH HYDROGEN UNIT 0 70 0 850 113,1 Concrete 
18 SOUTH HYDROGEN UNIT 0 -70 0 850 113,1 Concrete 
19 WEST HYDROGEN UNIT - 0 0 1400 113,1 Concrete 
20 EAST HYDROGEN UNIT 42,5 0 0 1400 113,1 Concrete 
21 ROOF HYROCRACKER 0 0 60 15000 115,7 Trapezoid metal 
22 NORTH HYROCRACKER 0 125 0 600 115,7 Concrete 
23 SOUTH HYROCRACKER 0 -125 0 600 115,7 Concrete 
24 WEST HYROCRACKER -30 0 0 2500 115,7 Concrete 
25 EAST HYROCRACKER 30 0 0 2500 115,7 Concrete 
26 ROOF WASTEWATER RECOVERY UNIT1 0 0 60 4000 76,8 Trapezoid metal 
27 NORTH WASTEWATER RECOVERY UNIT1 0 25 0 500 76,8 Concrete 
28 SOUTH WASTEWATER RECOVERY UNIT1 0 -25 0 500 76,8 Concrete 
29 WEST WASTEWATER RECOVERY UNIT1 -40 0 0 800 76,8 Concrete 
30 EAST WASTEWATER RECOVERY UNIT1 40 0 0 800 76,8 Concrete 
31 ROOF WASTEWATER RECOVERY UNIT2 0 0 60 4000 73,8 Trapezoid metal 
32 NORTH WASTEWATER RECOVERY UNIT2 0 25 0 500 73,8 Concrete 
33 SOUTH WASTEWATER RECOVERY UNIT2 0 -25 0 500 73,8 Concrete 
34 WEST WASTEWATER RECOVERY UNIT2 -40 0 0 800 73,8 Concrete 
35 EAST WASTEWATER RECOVERY UNIT2 40 0 0 800 73,8 Concrete 
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36 ROOF LOADING 0 0 60 6825 83,8 Trapezoid metal 
37 NORTH LOADING 0 32,5 0 1050 83,8 Concrete 
38 SOUTH LOADING 0 -32,5 0 1050 83,8 Concrete 
39 WEST LOADING ---- 0 0 650 83,8 Concrete 
40 EAST LOADING 52,5 0 0 650 83,8 Concrete 
41 ROOF DIESEL HYDROTREATING UNIT 0 0 60 7200 111,3 Trapezoid metal 
42 NORTH DIESEL HYDROTREATING UNIT 0 60 0 1200 111,3 Concrete 
43 SOUTH DIESEL HYDROTREATING UNIT 0 -60 0 1200 111,3 Concrete 
44 WEST DIESEL HYDROTREATING UNIT -30 0 0 600 111,3 Concrete 
45 EAST DIESEL HYDROTREATING UNIT 30 0 0 600 111,3 Concrete 
46 ROOF JET FUEL HYDROTREATING UNIT 0 0 60 7200 111,3 Trapezoid metal 
47 NORTH JET FUEL HYDROTREATING UNIT 0 60 0 1200 111,3 Concrete 
48 SOUTH JET FUEL HYDROTREATING UNIT 0 -60 0 1200 111,3 Concrete 
49 WEST JET FUEL HYDROTREATING UNIT -30 0 0 600 111,3 Concrete 
50 EAST JET FUEL HYDROTREATING UNIT 30 0 0 600 111,3 Concrete 
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AAAA----NrNrNrNr NameNameNameName ObstacleObstacleObstacleObstacle X Y ZZZZ LevelLevelLevelLevel 


DDDD DDDD DDDD [m] [m][m][m][m] [m][m][m][m] [dB][dB][dB][dB] 
1 Flare 1  -359 -32 60 112,1 


2 Flare 2  -277 -1236 60 112,1 
3 PUMP1  -34 -716 60 73,8 
4 PUMP2  -96 -676 60 73,8 
5 PUMP3  -43 -628 60 73,8 
6 PUMP4  23 -668 60 73,8 
7 PUMP5  99 -734 60 73,8 


8 PUMP6  148 -662 60 73,8 
9 PUMP7  61 -610 60 73,8 
10 PUMP8  3 -563 60 73,8 


11 PUMP9  46 -497 60 73,8 
12 PUMP10  117 -499 60 73,8 


13 PUMP11  208 -585 60 73,8 
14 PUMP12  248 -508 60 73,8 


15 PUMP13  96 -425 60 73,8 
16 PUMP14  156 -419 60 73,8 


17 PUMP15  18 -871 60 73,8 
18 PUMP16  -38 -835 60 73,8 
19 PUMP17  -66 -886 60 73,8 
20 PUMP18  -16 -918 60 73,8 
21 PUMP19  -93 -929 60 73,8 
22 PUMP20  -44 -966 60 73,8 


23 PUMP21  -128 -971 60 73,8 
24 PUMP22  -74 -1012 60 73,8 


25 PUMP23  -155 -1015 60 73,8 
26 PUMP24  -101 -1054 60 73,8 


27 PUMP25  -181 -1058 60 73,8 
28 PUMP26  -129 -1095 60 73,8 


29 PUMP27  -183 -877 60 73,8 
30 PUMP28  -238 -962 60 73,8 
31 PUMP29  -293 -1054 60 73,8 
32 PUMP30  -388 -1001 60 73,8 


33 PUMP31  -341 -931 60 73,8 
34 PUMP32  -296 -862 60 73,8 
35 PUMP33  -226 -1117 60 73,8 
36 PUMP34  -226 -1163 60 73,8 


37 PUMP35  182 -516 60 73,8 
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DEVICE CALIBRATION CERTIFICATEDEVICE CALIBRATION CERTIFICATEDEVICE CALIBRATION CERTIFICATEDEVICE CALIBRATION CERTIFICATE    


    
    
    
    
    
    
    
    
    
    
    


    
    
    
    
    
    
    
    
    
    
    
    
    
    
This report is relevant to the Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurements dated 02.03.200902.03.200902.03.200902.03.2009 of the Refinery Project of SOCAR & TURCAS 
Rafineri A.Ş only and may not be partially copied or reproduced without prior written consent of EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre 
Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti. Unsigned or unsealed reports are invalid. Test results are relevant only to the 
process conditions existing during the measurement task. Our accreditation is limited to the coverage of the test 
methods given in General Principles only. Our accreditation does not include the sufficiency of the otherwise-expressed 
opinions and comments. 


(Sealed) 
 


09090909----126/G126/G126/G126/G----021021021021----01/24.03.200901/24.03.200901/24.03.200901/24.03.2009                            32/40                        32/40                        32/40                        32/40     Accreditation No: AB Accreditation No: AB Accreditation No: AB Accreditation No: AB----0020002000200020----TTTT    
    







 


 


    
    
    
    
        
    
    
    
    
    
    
    
    
    
    
    


This report is relevant to the Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurementsthe Acoustic Noise Measurements dated 02.03.200902.03.200902.03.200902.03.2009 of the Refinery Project of SOCAR & TURCAS 
Rafineri A.Ş only and may not be partially copied or reproduced without prior written consent of EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre EKOTEST Çevre 
Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti.Danışmanlık Ölçüm Hizmetleri Ltd. Şti. Unsigned or unsealed reports are invalid. Test results are relevant only to the 
process conditions existing during the measurement task. Our accreditation is limited to the coverage of the test 
methods given in General Principles only. Our accreditation does not include the sufficiency of the otherwise-expressed 
opinions and comments. 


(Sealed) 
09090909----126/G126/G126/G126/G----021021021021----01/24.03.2001/24.03.2001/24.03.2001/24.03.2009090909                            33/40                        33/40                        33/40                        33/40     Accreditation No: AB Accreditation No: AB Accreditation No: AB Accreditation No: AB----0020002000200020----TTTT    







 


 


    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    


APPENDIX 3APPENDIX 3APPENDIX 3APPENDIX 3    
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BAHÇEŞEHİR BAHÇEŞEHİR BAHÇEŞEHİR BAHÇEŞEHİR     
UNIVERSITYUNIVERSITYUNIVERSITYUNIVERSITY    


    


Bilal Barbaros YÜCEBilal Barbaros YÜCEBilal Barbaros YÜCEBilal Barbaros YÜCE    
    


Having attended the training program “TYPE A ON EVALUATION OF THE 
COMPLAINTS, MEASUREMENT SUPERVISION AND FOLLOW-UP, AND PERMISSION AND 
SANCTION PROCEDURE” held by Bahçeşehir University Technology DevelopmentBahçeşehir University Technology DevelopmentBahçeşehir University Technology DevelopmentBahçeşehir University Technology Development 
UnUnUnUnitititit under the cooperation of T.C. Ministry of Environment and Forestry and 
Bahçeşehir University between January 21st 2006 and January 26th 2006, has been 
granted this attendance certificate.   
 
  (Signed)           (Signed) 
Prof. Dr. Süheyl Batum              Çınar Deniz Kurra 
 The Rector             Head of Technology Development Unit 
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   TURKISH ACCREDITATION INSTITUTIONTURKISH ACCREDITATION INSTITUTIONTURKISH ACCREDITATION INSTITUTIONTURKISH ACCREDITATION INSTITUTION    
 


    
ACCREDITATION CERTIFICATEACCREDITATION CERTIFICATEACCREDITATION CERTIFICATEACCREDITATION CERTIFICATE    


 
 


As a result of the supervision carried out by TURKAK 
 


EKOTEEKOTEEKOTEEKOTESTSTSTST    


Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti Çevre Danışmanlık Ölçüm Hizmetleri Ltd. Şti     


Büklüm Dok. No:23 / 1-11 Kavaklıdere 


06660 ANKARA / TÜRKİYE 


  
operating as a test laboratory has been accredited for the scope specified in 
APPENDIX pursuant to Standard TS EN ISO/IEC 17025:2005. 
 
 
AccreditaAccreditaAccreditaAccreditation Notion Notion Notion No    : AB: AB: AB: AB----0020002000200020----TTTT    


Accreditation DateAccreditation DateAccreditation DateAccreditation Date    : March 9: March 9: March 9: March 9thththth, 2004, 2004, 2004, 2004    


Revision Date/NoRevision Date/NoRevision Date/NoRevision Date/No    : March 5: March 5: March 5: March 5thththth, 2008 / 04, 2008 / 04, 2008 / 04, 2008 / 04    


 
 
This certificate is valid until March 4th, 2012 provided that the organization the 
business name and address of which is specified above maintains its compliance 
with Standard TS EN ISO/IEC 17025:2005. 
 
 
 
 
  (Signed)   (Sealed)   (Signed) 
Ass. Prof. Dr. Yavuz CABBAR             Emre SEZER  


   Chairman of the Administrative Board            Deputy Secretary General  


F701-040/Rev.00/0302      +90 312 410 82 00 www.turkak.org.tr  
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Accreditation No: ABAccreditation No: ABAccreditation No: ABAccreditation No: AB----0020002000200020----TTTT    


Revision No: 04 Date: 05/March/2008Revision No: 04 Date: 05/March/2008Revision No: 04 Date: 05/March/2008Revision No: 04 Date: 05/March/2008 


Test Laboratory’s 


 
 
 
 
 
 
 
 
 
 
 


Address:  
 
 


 


Tested Materials/ProductsTested Materials/ProductsTested Materials/ProductsTested Materials/Products    Name of TestName of TestName of TestName of Test    
Testing Method (National, International Testing Method (National, International Testing Method (National, International Testing Method (National, International 
standards, in house methods)standards, in house methods)standards, in house methods)standards, in house methods)    


Determination of CO by Electrochemical Cell Method ISO 12039:2001 


Determination of SO2 


by Electrochemical Cell Method 


İSO 7935:1999 


Determination of NO,NO2, NOX 


by Electrochemical Cell Method 


EPACTM-022:1998 


Determination of O2 


by Electrochemical Cell Method 


ISO 12039:2001 


Determination of CO2 on by Infrared Method ISO 12039:2001 


Determination of Hydrocarbon by Infrared Method EPA Metot 25 B:2000 


Determination of Dust (Particles) by Gravimetric Method  VDI 2066:2006 İSO 9096:2003 EPA Metot 5:2000 
EPA Metot 17:2000 


Determination of Blackness by Color Comparison 
Method (Bascharach) 


TS 9503:1991 


Determination of Volatile Organic Compound (VOC) by 
Flame Ionization Detector (FID) 


TS EN 13526:2003 TS EN 12619:2001 


Determination of Particle Materials (PM) in the Flue TS EN 13284-1:2003 


Determination of Fluorine in the Flue Gas EPAMethodl3A 


FFFFLUE GASLUE GASLUE GASLUE GAS    


Determination of Chlorine in the Flue Gas TS EN 1911-1:2001 TS EN 1911-2:2001 TS EN 
1911-3:2002 


Determination of Volatile Organic Compounds and 
Steam by Gas Chromatography and Photoionization 
Detector 


EPA Metot 18:2000 FLUE GAS AND AMBIENT AIRFLUE GAS AND AMBIENT AIRFLUE GAS AND AMBIENT AIRFLUE GAS AND AMBIENT AIR    


Determination of Toxic Gas and Steam by Color 
Comparison Method 


TS EN 1231:2000 


AMBIENT AIRAMBIENT AIRAMBIENT AIRAMBIENT AIR    Determination of dust (PM2.5, PM10, TSP, inhalable) in 
environmental and indoor air by Light Scattering 
Method and Gravimetric Method 


TS 2361:1976 EN 12341:1998 


    Determination of dust (PM10) in environmental air by 
Gravimetric Method 


EPA 40 CFR Part 50 Appendix 


J:2006 
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Test Laboratory’s 


 
 
 
 
 
 
 
 
 
 
 


Address:  
 
 


    


Tested Materials/ProductsTested Materials/ProductsTested Materials/ProductsTested Materials/Products    Name of TestName of TestName of TestName of Test    
Testing Method Testing Method Testing Method Testing Method (National, International (National, International (National, International (National, International 
standards, in house methods)standards, in house methods)standards, in house methods)standards, in house methods)    


Determination of settled dust by gravimetric method BS 1747:1972 TS 2341:1976 


Determination of light intensity by silicon diode sensor ISO/CIE 8995:2002 


(AMBIENT AIR Continued)(AMBIENT AIR Continued)(AMBIENT AIR Continued)(AMBIENT AIR Continued)    


Thermal Comfort (Wet Bulb Temperature, Humidity, and, 
Air Flow Speed) Test by Platinum Resistance Sensor, 
Humidity Sensor, and Speed Sensor 


 


BS 1339:2002 TS EN 27243:2002 


Sampling of heavy metals in flue gas EPA Metot 29:2000 TS EN 14385:2004 SAMPLINGSAMPLINGSAMPLINGSAMPLING    


Sampling of dust, gas and steam for the analysis   CEN/TR 15230:2005 TS EN 689:2002 MDHS 
14/3:2000 MDHS 70:1993 


Measurement of Environmental Noise EKOTEST TK14 (in house method) Regulation on 
Evaluation and Management of Environmental 
Noise: 2005     


Attenuation of Sound During PropagationAttenuation of Sound During PropagationAttenuation of Sound During PropagationAttenuation of Sound During Propagation    Outdoors- 
General Method of Calculation/Modeling    


TS ISO 9613-2:2006 


 ISO/TS 13474:2003 


Description and Measurement of Environmental Noise- 
Acquisition of Data Pertinent to LandAcquisition of Data Pertinent to LandAcquisition of Data Pertinent to LandAcquisition of Data Pertinent to Land Use 


TS 9798:1992 


Description, measurement and evaluation of 
Environmental Noise 


TS 9315 ISO 1996-1:2005 


ENVIRONMENTAL ACOUSTIC NOISEENVIRONMENTAL ACOUSTIC NOISEENVIRONMENTAL ACOUSTIC NOISEENVIRONMENTAL ACOUSTIC NOISE    


Determination of sound power levels to evaluate 
environmental sound pressure levels in industrial plants 
which have multiple noise sources-Engineering Method  


ISO 8297:1994 


Determination of Sound    Power Levels of Noise Sources Power Levels of Noise Sources Power Levels of Noise Sources Power Levels of Noise Sources 
Using Sound PressureUsing Sound PressureUsing Sound PressureUsing Sound Pressure----Engineering MethodEngineering MethodEngineering MethodEngineering Method    


TS EN ISO 3744:1997 ACOUSTICACOUSTICACOUSTICACOUSTIC    


Determination of Sound    Power Levels of Noise Sources Power Levels of Noise Sources Power Levels of Noise Sources Power Levels of Noise Sources 
Using Sound PressureUsing Sound PressureUsing Sound PressureUsing Sound Pressure----Survey MethodSurvey MethodSurvey MethodSurvey Method    


TS 8958 EN ISO 3746:1999 


NOISE EMISSION OF MACHINERNOISE EMISSION OF MACHINERNOISE EMISSION OF MACHINERNOISE EMISSION OF MACHINERY AND Y AND Y AND Y AND 
EQUIPMENTSEQUIPMENTSEQUIPMENTSEQUIPMENTS    


Measurement of emission sound pressure levels at a 
work station and at other specified positions-
Engineering method in an essentially free field over a 
reflecting plane 


TS EN ISO 11201:2001 
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Test Laboratory’s 


 
 
 
 
 
 
 
 
 
 
 


Address: 


 


 


 


 
 
 


 


Tested Materials/ProductsTested Materials/ProductsTested Materials/ProductsTested Materials/Products    Name of TestName of TestName of TestName of Test    
Testing Method (National, International Testing Method (National, International Testing Method (National, International Testing Method (National, International 
standards, in house methods)standards, in house methods)standards, in house methods)standards, in house methods)    


(NOISE EMISSION OF (NOISE EMISSION OF (NOISE EMISSION OF (NOISE EMISSION OF 
MACHINERY AND EQUIPMENTSMACHINERY AND EQUIPMENTSMACHINERY AND EQUIPMENTSMACHINERY AND EQUIPMENTS----
Continued)Continued)Continued)Continued)    


Measurement of emission sound pressure 
levels at a work station and at other 
specified positions-Method requiring 
environmental corrections 


TSENISO 11204:1999 
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1. INTRODUCTION 


According to "Evaluation of Environmental Noise And Management Regulation" 


(EENMR) regulation night-time noise measurement was conducted in the Socar & 


Turcas Refinery Project Area to determine existing levels, during one day period, on 


25.10.2010.  


 2. DESCRIPTION OF THE ACTIVITY  


Socar & Turcas Rafineri A.Ş is planning to build a refinery named Socar & Turcas 


Aegean Refinery in Aliağa Town of İzmir Province, Turkey. The proposed project site is 


located at an industrial district and on the land of Petkim Petrochemicals Inc. The site is 


adjacent to the present Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum 


Refinery. Project site is located on an area of 1.375.000 square meters. The site is 


surrounded by Turkish Petroleum Refineries Corporation (Tüpraş) Aliağa Refinery 


facilities in the north, Petkim facilities in the east, and supplementary lands for further 


expansion in the south. The planned refinery project will be utilizing several utilities of 


the Petkim Petrochemical Complex.  


3- NOICE MEASUREMENTS 


Night-time noise measurement was conducted in the Socar & Turcas Refinery Project 
Area to determine existing levels, during one day period. 


Noise measurements were conducted at the point determined by Golder Associates. 


4. USED DEVICES AND METHODS 


4.1. Measurement Methods 


 
Noise measurements were carried out according to the principles defined in the 


Standards TS 9798 (ISO 1996–2) and TS 9315 (ISO 1996–1). 


TS 9315 (ISO 1996–1) Standard: Acoustics-Description, measurement and assessment 


of environmental noise—Part 1: Basic Quantities and Procedures: Terms that are used 


in reporting are defined under this standard.  


TS 9798 (ISO 1996–2) Standard: Measurement results were assessed under this 


standard: Part-2: Definition and Measurement of Acoustic-environmental noise: Section 


2–Acquisition of data pertinent to land use.  
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Equipment classified as Type-1 was used in order to make noise measurements at 


specified points, according to TS 9798 (ISO 1996 –2). Measurements were conducted 


at 1.2-1.5 m above ground. 


4.1.2. Measuring devices and measurement principles 


RION NL-31 brand device was used for Noise Measurements. 


4.2. Noise Measurement Results 


Local Limit Values for Noise  
According to the Regulation on Assessment and Management of Environmental Noise, Turkish 


Ambient Noise Standards are stated below. 
 
Table 1 Turkish Environmental Noise Limit Values for Industrial Facilities  


Areas 
   
Lday


(dBA) 
Levening 
(dBA) 


Lnight


(dBA) 
Noise sensitive areas where education, culture and 
health facilities and camping areas are densely located  60 55 50 


Areas where commercial buildings and noise sensitive 
areas are located but residential houses are densely 
located  


 
65 


 
60 


 
55 


Areas where commercial buildings and noise sensitive 
areas are located but business buildings are densely 
located 


 
68 


 
63 


 
58 


Industrial areas 
    
   70 
 


          
          65 


           
          60 


 
 
Noise measurement results are stated in the table below. 
 
Table 2 Noise Measurement Results 


No Storing time Leq 


1 25.10.2010 20:08 56.1 


2 25.10.2010 20:17 55.8 


3 25.10.2010 20:59 52.5 


 
According to the results of the measurements, night-time limit value of 55 dBA is 
exceeded as seen in the tables above. 
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1. PURPOSE AND SCOPE 


The objective of the study is to calculate the contribution to the air pollution and to update 


the air quality model for the STAR Refinery Project planned to be established in Aliağa District of 


Izmir Province by STAR Rafineri Inc. 


 


This report is prepared in compliance to the following aspects: 


 


1. In the baseline air quality modeling study, which will constitute a basis to air quality 


modeling study, all existing area (storage tanks etc.)  and point (stack emissions) 


emission sources in the influence area were considered. 


2. While baseline air quality was calculating, it is assumed that, all precautions were 


taken (including storage facilities etc.), which are intended to enhance air quality in 


the facility region. 


3. Dispersion model used was prepared to consider the topographical structure of the 


region, the blocking effect of topography, air currents formed from topographic 


sloped, the effects of meteorological data on the transportation of contaminants, 


chemical conversion of contaminants in the atmosphere; and the modeling was 


made as defining with the coordinates of all point, area and line sources on the grid 


system.  Technical properties of dispersion modeling, inputs and outputs of the 


model are given in the report. 


4. Results of the modeling were considered in the scope of Regulation on Control of 


Air Pollution from Industrial Sources which became effective by publishing in the 


Official Gazette dated 03.07.2009 and numbered 27277, and Regulation on Air 


Quality Assessment and Management which became effective by publishing in the 


Official Gazette dated 06.06.2008 and numbered 26898 for after year 2014. 


Besides, evaluation according to IFC Criteria and European Union Criteria were 


also made in the report.  
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2. CONTRIBUTION TO AIR POLLUTION  


2.1 Operation Phase 


2.1.1 Emission and Consumption Levels of Refineries  


Refineries are heavy industrial enterprises and at these facilities, consumption of high 


amount of raw materials, product handling and dense energy take place. Refineries cause 


dispersion of various emissions to the atmosphere, during process operations and storage 


operations. 


 


Although main raw material used in refineries is petroleum, consumption and production 


of high amount of chemical materials occurs at process units. Some of these materials leave from 


refinery as emission and waste. 


 


Ammonia (NH3), Carbon dioxide (CO2), Carbon monoxide (CO), Hydrogen sulfide (H2S), 


Nitrogen oxides (NOx), Sulphure oxides (SOx), Volatile Organic Compounds (VOC) are the main 


emissions formed in refineries. 


 


 


2.1.2 Emissions to Atmosphere 


The main emissions to atmosphere from the refineries are CO2, SOx, NOx, VOC and solid 


particles (dust, fly ash and heavy metals (V and Ni)). These emissions are typically formed from 


process heaters and stacks of steam generating boilers, equipments such as valves and pump 


sealing units and sources such as flares and incinerator stacks, as low amount (see Table 2.1). 


[USEPA].  


 


Refinery processes need high amount of energy, typically 60 % of refinery air emissions 


are formed for required energy production for various processes. Sulphur production units and 


flares contribute to these emissions, also. Volatile Organic Compounds (VOCs) are formed from 


storage areas, oil/water separation systems and from flanges as fugitive emission, valves, 


impermeability equipments and drainages. 


 
 


Table 2.1: Major Air Pollutants emitted from Refineries and Main Sources  


Major Air Pollutants Main Sources 


Carbon dioxide 


Process heaters, boilers, gas turbines 


CO boilers 


Flare systems 


   Incinerators 


Carbon monoxide 


Process heaters and boilers, gas turbines 


CO boilers 


Sulphur recovery units 


Flare systems 


Incinerators 


Nitrogen oxides 


(N2O, NO, NO2) 


 


Process heaters and boilers 


CO boilers 


Coke burners 


Incinerators  


Flare systems 
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Major Air Pollutants Main Sources 


 


Particles 


(including metals) 


Process heaters and boilers, especially for refineries with 


liquid fuels 


CO boilers 


Coke facilities  


Incinerators  


Sulphure oxides 


 


Process heaters, boilers, gas turbines 


CO boilers 


Brimstone recovery units 


Flare systems  


Incinerators 


Volatile Organic Compounds 


(VOCs) 


Storage and handling  facilities 


Gas decomposition units 


Oil/water separating systems 


Fugitive emissions (valves, flanges etc.) 


Vents 


Flare systems 


 


 


1- Carbon dioxide Emissions 


Carbon dioxide (CO2) is a greenhouse gas and it is considered as main factor that causes 


global climate change. Energy production is foreseen as main source of CO2 emission. Almost all 


of carbons, which are ingredients of raw petroleum, turn into CO2 soon or later. A small amount of 


CO2 (3%-10%) turn into marketable product during refining. The rest of it converts CO2 as a result 


of using by various sectors of industry and consumers after refining products selling. The main 


emission sources of CO2 are process heaters, steam boilers, gas turbines, flare systems and 


incinerators. Emission range of CO2 is so wide (28.500-1.120.000 mt/year. Specific emission 


amount of CO2 depends on refinery complexity. Due to refineries that have high complexity 


consume more energy, they cause more CO2 emission. 


 


Carbon monoxide (CO) is seen as side product in burning processes, especially  in 


inconvenient fuel/air proportion. When CO emissions in refineries are compared with CO2 


emissions, it is seen that, it does not have so high value. 


 


2- Nitrogen Oxides Emissions 


When nitrogen oxides(NOx) are emitted in the air, they can be one of the component 


causing acid rains by merging with water. What is more,  NOx’s can cause occurrence of ground 


level ozone by merging with volatile organic compounds (VOCs) when they expose the sunlight. 


 


NOx definition represents only NO (nitrogen oxide) and NO2 (nitrogen dioxide). In the 


huge amount of burning processes, NO forms 90 % of total NOx amount. Under the atmospheric 


conditions NO turns into NO2 rapidly. Hence NO emission is referred as NO2 emission. NO2  


(laughing gas) is a strong greenhouse gas, it has an important effect on ozone layer depletion. 


 


Combustion processes are main source of the NOx emissions. NOx emissions are 


emitted from process heaters, steam boiler, incinerators and flare systems. The amount of 


emission occur in the refineries are depend on type of fuel, nitrogen content of the fuel, design of 


the combustion equipment and operation conditions.  
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3- Sulphur Oxide Emissions 


Sulphure oxides (SOx) can become a component of acid rains by merging with water 
when they are released in air as emission. 


 
For so long, sulphure emissions to the atmosphere from refineries are current issue. All 


types of crude oil contains sulphure compounds. Therefore, SO2 and SO3 emissions occur during 
combustion of petroleum products. Other emission sources are stack gases emitted from sulphure 
units. 


 
Sulphure content of fuel and amount of SOx emission are directly related.. For example, 


fuel containing 1% sulphure generate stack gas that has a 1700 mg/Nm3 concentration. Suphur, 
which cannot be separated refinery processes, remains in various products and causes SOx 
emission when they are consumed via combustion processes by the end users.  


 
Refineries cause SOx emission while they are consuming fuel for their energy need. 


Normally natural gas, which is used as fuel, contains trace amount of sulphure compounds. In the 
refinery, trace amount of sulphure containing fuel gas, which can be considered as environment 
friendly, and natural gas will be used. 


 
Refineries have continuous and non-continuous sources of SOx emissions. This situation 


depends on the refinery.  SOx emissions arise from process heaters, steam boilers, gas turbines, 
sulphure recovery units, flare systems and  incinerators. 


 
4- Volatile Organic Compound Emissions 


Volatile Organic Compounds (VOC) term is used for all carbon containing compounds 


that evaporates in atmospheric conditions, and contributes to generation of “summer smoke” and 


bad odor. 


 


Volatile Organic Compounds causes low level atmospheric ozone by reacting with NOx 


when they exposed to the sunlight. Further to that, VOC emissions lead to the generation of bad 


odour, that causes complaint of people in neighborhood. 


 


The main sources of VOC emissions, occur in refineries, are vents, flare systems, air 


blowing systems, piping systems, waste water treatment units, storage tanks, handling systems, 


loading/unloading systems, pump/compressor gaskets, fugitive emissions due to valves and 


flanges. 


 


VOC emissions that are formed in European refineries are in between 600-10,000 


tons/year. Specific emission interval is about 50-6,000 tons VOC/million ton crude oil. 


 


Equipment failure leakages; casual leakages such as tank overflows, overflow of wagons 


and tankers due to overloading can be continuous. Such emissions and emissions caused by 


piping equipments such as valve and flange create 20-50% of total VOC emissions. Leakages, 


which occur from process equipments, can reach 50% of VOC emissions that occur in the refinery. 


 


Valves, pumps, compressor gasket leakages, vent and drainage constitute fugitive 


emissions. Valve leakages constitute 50% of fugitive emissions. 70% of this amount is valves in 
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gas/steam service are 1% of all available sources.  Some valves cause more leakage than others 


in such a way that; 


 Gaskets of frequently used valves such as control valves can cause emission by 


eroding sooner. On the other hand, new and sealed valves have better fugitive 


performance.  


 Gate valves show a tendency to leak more than quarter spin turning type valves such 


as, globe valves and plug valves 


Factors such as equipment design, quality of impermeability components, maintenance 


program and line service are the effecting factors of this type of emission.  


 


2.1.3 Stack Gas Emissions 


Fuel to be used 


The fuel which is going to be used at the operation phase of the refinery will supplied as 


follows: 


 


o The gas produced from various processes will be used as fuel at the heaters after 


its hydrogen sulfide (H2S) is removed. The amount of fuel gas planned to be used 


is about 1608 tons/year.  


 


o Natural gas will be used at the refinery for the portion which cannot be supplied 


from fuel gas. The amount of natural gas planned to be used is about 312 


tons/year.  


 
The heat capacity of the refinery units and the fuel usage of the units are given in Table 


2.2. the stacks of the Crude Oil Distillation Unit and Vacuum Unit, 6 heaters at the Reformer Unit 


and 3 heater at Hydrocracker Unit are combined. The combined stacks and the stack numbers of 


the heaters are given in Table 2.3.  


 


Table 2.2: Refinery Heaters and their Characteristics 


Name of the Unit 
Number of 


Heater 


Thermal Fuel Power  
Fuel Usage (ton/hour) 


Gcal MW 


Crude Oil Distillation Unit (CDU) 1 116 134.91 15.99 


Vacuum  Distillation Unit (VDU) 1 20 23.26 2.76 


Naphtha Hydrotreater Unit (NHT)1 1 4.1 4.77 0.57 


Naphtha Hydrotreater (NHT) 2 1 7 8.14 0.97 


Naphtha Hydrotreater (NHT )3 1 8 9.30 1.10 


Kerosene Hydrotreater(KHT)1 1 4.9 5.70 0.68 


Kerosene Hydrotreater(KHT) 2 1 3.8 4.42 0.52 


Diesel Hydrotreater (DHT) 1 14.3 16.63 1.97 


Hydrocracker (HCU) 3 95.2 110.72 13.12 


Continuous Catalyst Regeneration 
Reforming (CCR)  6 


125.4 145.84 17.27 


Delayed Coker (DCU) 1 1 25.25 29.37 3.487 


Delayed Coker (DCU) 2 1 25.25 29.37 3.487 
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Name of the Unit 
Number of 


Heater 


Thermal Fuel Power  
Fuel Usage (ton/hour) 


Gcal MW 


Hydrogen Generation (HGU) 1 63 73.27 8.687 


Natural Gas (NGU) 1 1 1.16 0.14 


Boiler 1 8 


Sulfur Recovery Unit 1 1.254 


TOTAL 23 513.2 596.86 80.00 


 


 


Fuel usage values given in Table 2.2 are taken from the manufacturer’s production 


catalogue and fuel usage is not calculated from  thermal fuel power. Thermal fuel power values 


stated in the Table 2.2 are given for information only.  


 


Table 2.3: Common Stacks of Refinery and their Characteristics 


Name of the Unit 
Stack 


No 


Stack 
Height 


(m) 


Stack 
Diameter 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Outlet 
Temperature 
of Stack Gas 


(oC) 


Flow Rate of 
Stack Gas 
(Nm3/hour) 


Hydrocracker (HCU) 1 95.00 3.50 4.94 170.00 171065.81 


Delayed Coker (DCU) 1 2 75.00 2.00 4.01 170.00 45371.97 


Delayed Coker (DCU) 2 3 75.00 2.00 4.01 170.00 45371.97 


Hydrogen Generation (HGU) 4 95.00 3.00 4.45 170.00 113205.32 


Diesel Hydrotreater (DHT) 5 75.00 1.40 4.64 170.00 25695.81 


Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


6 95.00 4.00 5.41 170.00 244379.73 


Kerosene 
Hydrotreater(KHT)1 


7 75.00 0.80 4.87 170.00 8804.86 


Kerosene Hydrotreater(KHT) 
2 


8 75.00 0.70 4.93 170.00 6828.26 


Natural Gas (NGU) 9 75.00 0.38 3.97 170.00 1796.91 


Boiler 10 95.00 3.00 4.10 170.00 104280.00 


Reformer (CCR) 11 95.00 4.00 4.98 170.00 225332.49 


Sulfur Recovery 12 75.00 1.20 4.02 170.00 16345.89 


Naphtha Hydrotreater 
(NHT)1 


13 75.00 0.80 4.07 170.00 7367.33 


Naphtha Hydrotreater 
(NHT)2 


14 75.00 1.00 4.45 170.00 12578.37 


Naphtha Hydrotreater 
(NHT)3 


15 75.00 1.00 5.09 170.00 14375.28 


TOTAL 1042800 


 


 


The heating capacity and the efficiency of some units are not known. Therefore, the flow 


rate of the stack gas is calculated from fuel consumption. While calculating, the flow rate emerges 


from the ideal natural gas is used. According to this, 1042.8 m3 gas occurs from the combustion of 


the 100 m3 natural gas (cem.yildiz.edu.tr). Accordingly, 
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Flow Rate of Stack = (1042.8 m3 stack gas/100 m3 natural gas) x amount of fuel consumed (m3/h) 


        = (1042.8x100000)/100 =1042800 m3/h 


 


Stack gas emissions are distributed directly proportional to fuel consumption of each 


heater. Likewise, total emissions are distributed directly proportional to the fuel consumption.  


 


During the concentration calculations, emission flow rates of the pollutants are distributed 


according to the fuel gas consumption. Therefore, although the flow rate of the pollutants are 


different, the concentration of each stack is the same.  


 


2.1.4 Emissions and Emission Control 


There are special emission limits for facilities whose feature of contamination are high in 


Appendix 5 of Regulation on Control of Air Pollution from Industrial Sources. In this appendix, 


conditions which oil refineries and storage facilities should obey are indicated as part of facilities in 


twelfth group. In this context, subjects indicated in Regulation on Control of Air Pollution from 


Industrial Sources Appendix 5 shall be complied.  


 


Since the fuel that will be used in the refinery whose establishment was proposed is 


natural gas, main contaminators which will take place as a result of burning shall be emissions of 


sulphur dioxide (SO2), nitrogen oxide (NOx) and carbon dioxide (CO2). Since gasoline production 


(catalyst emission of FCC unit) and fuel-oil consumption are not projected in the refinery, it is 


accepted that it will not be any particle emission in the emissions which will form.  


 


NOx Emissions 


Normal Case 


NOx emission flow that will occur as a result of crude oil processing is calculated by using 


EPA AP42 emission factors. 


 


According to the EPA AP 42’ ‘’Petroleum Refineries’’ emission factors, 


NO2 formed from crude oil process = 0.107 kg NO2 / 103 L crude oil 


Crude oil =(214000 Barrel/day x 159 L/barrel)/ 24 hours = 1417750 L/hour 


NO2 = 0.107 kg/103 L crude oil X 1417750 L crude oil/hour = 151.7 kg/hour 


 


Normally, low NOx heaters shall be used in the refinery. According to the document ‘’Air 


Emissions and Air Quality’’ prepared by IFC, in case of usage of low NOx heaters, NOx emissions 


decrease between 30% and 40%. NO2emissions calculated above shall decrease to 91,02 kg/hour 


when low NOx heaters are used. Distribution of emissions to the stacks is given in Table 2.4. 


 


According to Appendix 2 of Regulation on Control of Air Pollution from Industrial Sources, 


it is stated that, 


‘’Hourly flow rate of emissions given from the stacks of existing and newly established 


facilities or out of stack are determined by measuring in stacks for existing facilities and by using 


emission factors for emissions given to the atmosphere from outside of the stacks and for newly 


established facilities. If hourly flow rate (kg/hour) values exceed the values given in Table 2.1, Rate 


of Contribution to Air Pollution (RCAP) of emissions in the area of influence of the facility is 


calculated hourly if possible, otherwise it is calculated daily, monthly or annually. …..’’ 
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This rate is specified 40 kg/hour for Nitrogen Dioxide [NOx (in terms of NO2)]. In the facility 


proposed, total flow of NOx is approximately 91,02 kg/hour exceeding 40 kg/hour limit stated in 


Regulation on Control of Air Pollution from Industrial Sources. In this case, air quality modeling was 


made regarding to this pollutant and method used and results obtained are explained in detail in 


following chapters. 


 
Emission values for NOx (NO + NO2) are given in terms of NO2. Legal limitations are also 


given in terms of NO2. Therefore, all NOx and NO2 values given in this report represents the NOx 
values.  


 


Table 2.4: NO2 Flow Rates and Concentrations in Normal Case Scenario  


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


(Nm3/hour) 


Thermal 
Power 
(MW) 


NO2 Flow 
Rate 


(kg/hour)* 


NO2 


Concentration** 


(mg/Nm3) 


Limit Values for 
NO2         


(mg/Nm3)*** 


Hydrocracker (HCU) 1 171065.81 110.72 14.93 87.28 500.00 


Delayed Coker (DCU) 1 2 45371.97 29.37 3.96 87.28 800.00 


Delayed Coker (DCU) 2 3 45371.97 29.37 3.96 87.28 800.00 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 9.88 87.28 800.00 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 2.24 87.28 800.00 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 21.33 87.28 500.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.77 87.28 800.00 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.60 87.28 800.00 


Natural Gas (NGU) 9 1796.91 1.16 0.16 87.28 800.00 


Boiler 10 104280 9.10 87.28 


Reformer (CCR) 11 225332.49 145.84 19.67 87.28 500.00 


Sulfur Recovery 12 16345.89 1.43 87.28 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.64 87.28 800.00 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 1.10 87.28 800.00 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 1.25 87.28 800.00 


TOTAL 1042800 91.02 


* Oxygen amount in volumetric  stack gas is taken as 3%. 
** Total NO2 flows are distributed to stacks accordingly to the fuel consumption. 


*** The limit values given in Table 5.2 and Table 5.3 in Regulation on Control of Air Pollution from Industrial Sources 


Appendix 5 


The thermal power of Boiler and Sulphur Recovery Units is not known. However, even if 


their thermal power is under or above 100 MW, they do not exceed the limits. 


 


Worst Case 


In case of worst case scenario, total emission is given as 151,7 kg/hour by thinking that 


low NOx heaters are not used (see Table 2.5) and modeling was made accordingly. This value is 
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above of 40 kg/hour limit rate given in Regulation on Control of Air Pollution from Industrial 


Sources. Modeling result are given in following chapters. 


 


Table 2.5: NO2 Flow Rates and Concentrations in Worst Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate 
of Stack 


Gas 


(Nm3/hour) 


Thermal 
Power 
(MW) 


NO2 
Flow 
Rate* 


(kg/hour) 


NO2 


Concentration** 


(mg/Nm3) 


Limit Values for 
NO2         


(mg/Nm3)*** 


Hydrocracker (HCU) 1 171065.81 110.72 24.89 145.47 500.00 


Delayed Coker (DCU) 1 2 45371.97 29.37 6.60 145.47 800.00 


Delayed Coker (DCU) 2 3 45371.97 29.37 6.60 145.47 800.00 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 16.47 145.47 800.00 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 3.74 145.47 800.00 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 35.55 145.47 500.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 1.28 145.47 800.00 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.99 145.47 800.00 


Natural Gas (NGU) 9 1796.91 1.16 0.26 145.47 800.00 


Boiler 10 104280.00 15.17 145.47 


Reformer (CCR) 11 225332.49 145.84 32.78 145.47 500.00 


Sulfur Recovery 12 16345.89 2.38 145.47 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 1.07 145.47 800.00 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 1.83 145.47 800.00 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 2.09 145.47 800.00 


TOTAL 1042800 151.70 


* Oxygen amount in volumetric  stack gas is given as 3%. 
** Total NO2 flows are distributed to stacks accordingly to the fuel consumption. 


*** The limit values given in Table 5.2 and Table 5.3 in Regulation on Control of Air Pollution from Industrial Sources 


Appendix 5 


 


 


The thermal power of Boiler and Sulphur Recovery Units is not known. However, even if 


their thermal power is under or above 100 MW, they do not exceed the limits. 


 


CO Emissions 


CO emissions are formed as a result of ineffective burning. To complete the controlled 


burning, suitable stay period and high temperature should be provided. As a result of hybrid 


burners which will be used in the refinery and 3% more oxygen usage, complete burning shall be 


provided and no CO emission shall happen. Despite of this fact, for CO emission which possibly 


occurs under worst case scenario, flow rates were calculated in Table 2.6 by taking the limit value 


(100 mg/m3) for gas fired facilities given in Regulation on Control of Air Pollution from Industrial 


Sources Appendix 5 Table 5.2 and Table 5.3. 
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Table 2.6: CO Mass Flow Rates in Worst Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate of Stack 
Gas 


(Nm3/hour) 


Thermal Power 
(MW) 


CO Flow 
Rate*         


(kg/ hour) 


CO 


Concentration  


(mg/Nm3) 


Hydrocracker (HCU) 1 171065.81 110.72 17.11 100.00 


Delayed Coker 
(DCU) 1 


2 45371.97 29.37 4.54 100.00 


Delayed Coker 
(DCU) 2 


3 45371.97 29.37 4.54 100.00 


Hydrogen 
Generation (HGU) 


4 113205.32 73.27 11.32 100.00 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 2.57 100.00 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 24.44 100.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.88 100.00 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.68 100.00 


Natural Gas (NGU) 9 1796.91 1.16 0.18 100.00 


Boiler 10 104280.00 10.43 100.00 


Reformer (CCR) 11 225332.49 145.84 22.53 100.00 


Sulfur Recovery 12 16345.89 1.63 100.00 


Naphtha 
Hydrotreater (NHT)1 


13 7367.33 4.77 0.74 100.00 


Naphtha 
Hydrotreater (NHT)2 


14 12578.37 8.14 1.26 100.00 


Naphtha 
Hydrotreater (NHT)3 


15 14375.28 9.30 1.44 100.00 


TOTAL 1042800 104.28 


* Calculated by taking the limit values for gas fired facilities given in Regulation on Control of Air Pollution from 


Industrial Sources Appendix 5 A-5 


 


 


Particulate Matter Emissions  


Since gas fuel shall be used in the facility, formation of particulate matter emission is not 


expected. However, for the particle (PM) emission which possibly occurs under the worst case 


scenario, flow rates were calculated in Table 2.7 by taking the limit value (10 mg/m3) given for gas 


fired facilities in Regulation on Control of Air Pollution from Industrial Sources Appendix 5 Table 5.2 


and Table 5.3. 


 


Table 2.7: PM Mass Flow Rates in Worst Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate of Stack 
Gas 


(Nm3/hour) 


Thermal 
Power (MW) 


PM Flow 
Rate* 


(kg/hour) 


PM 


Concentration  


 (mg/Nm3) 


Hydrocracker (HCU) 1 171065.81 110.72 1.71 10.00 


Delayed Coker (DCU) 1 2 45371.97 29.37 0.45 10.00 


Delayed Coker (DCU) 2 3 45371.97 29.37 0.45 10.00 
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Name of Unit 
Stack 


No 


Flow Rate of Stack 
Gas 


(Nm3/hour) 


Thermal 
Power (MW) 


PM Flow 
Rate* 


(kg/hour) 


PM 


Concentration  


 (mg/Nm3) 


Hydrogen Generation (HGU) 4 113205.32 73.27 1.13 10.00 


Diesel Hydrotreater (DHT) 5 25695.81 16.63 0.26 10.00 


Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


6 244379.73 158.17 2.44 10.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.09 10.00 


Kerosene Hydrotreater(KHT) 
2 


8 6828.26 4.42 0.07 10.00 


Natural Gas (NGU) 9 1796.91 1.16 0.02 10.00 


Boiler 10 104280.00 1.04 10.00 


Reformer (CCR) 11 225332.49 145.84 2.25 10.00 


Sulfur Recovery 12 16345.89 0.16 10.00 


Naphtha Hydrotreater (NHT)1 13 7367.33 4.77 0.07 10.00 


Naphtha Hydrotreater (NHT)2 14 12578.37 8.14 0.13 10.00 


Naphtha Hydrotreater (NHT)3 15 14375.28 9.30 0.14 10.00 


TOTAL 1042800 10.43 


* Calculated by taking the limit values for gas fired facilities given in Regulation on Control of Air Pollution from 


Industrial Sources Appendix 5 A-5 
 


 


CO2 Emissions 


CO2’s being a product formed as a result of complete burning and  it generally cause 


global greenhouse gas effect. Consequently, local air quality and emission standards are not 


available for CO2. CO2 emissions were calculated by using emission factors in EPA AP42 ‘’Natural 


Gas Combustion’’. According to the emission factors, 1.92 kg CO2 emission is formed as a result of 


burning of 1 m3 natural gas.  


Total CO2 emission resulting from the facility= 1.92kg/m3 x100000 m3/hour 


              = 192000 kg/hour 


CO2 flow rate is distributed to stacks accordingly to their fuel consumption. (see Table 


2.8). 


 


Table 2.8: CO2 Flow Rate and Concentrations 


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


(Nm3/hour) 


Thermal Power 
(MW) 


CO2 Flow Rate 
(kg/hour) 


CO2 
Concentration 


(mg/Nm3) 


Hydrocracker (HCU) 1 171065.81 110.72 31496.58 184119.68 


Delayed Coker (DCU) 1 2 45371.97 29.37 8353.87 184119.68 


Delayed Coker (DCU) 2 3 45371.97 29.37 8353.87 184119.68 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 20843.33 184119.68 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 4731.10 184119.68 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 44995.12 184119.68 
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Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


(Nm3/hour) 


Thermal Power 
(MW) 


CO2 Flow Rate 
(kg/hour) 


CO2 
Concentration 


(mg/Nm3) 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 1621.15 184119.68 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 1257.22 184119.68 


Natural Gas (NGU) 9 1796.91 1.16 330.85 184119.68 


Boiler 10 104280.00 19200.00 184119.68 


Reformer (CCR) 11 225332.49 145.84 41488.15 184119.68 


Sulfur Recovery 12 16345.89 3009.60 184119.68 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 1356.47 184119.68 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 2315.93 184119.68 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 2646.77 184119.68 


TOTAL   1042800   192000.00   


 


 


SO2 Emissions 


Normal Case 


To keep SO2 emissions under the limits predicted, natural gas with low sulphur is used; 


on the other hand, conventional sulphur recovery unit shall be used for SO2 emission originating 


from crude oil and the rate of recovery of this unit shall be approximately 98.5%. 


 


SO2 emission in the refinery is originated from the combustible in the heaters and as a 


result of crude oil processing. 


 


1) SO2 originated from fuel (gas) combustion 


SOx originated from combustible are calculated by using values available in EPA AP 42. 


 


According to the emission factors of EPA AP 42 ‘’Natural Gas Combustion’’, 


 


SO2 originated from natural gas burning= 9.6 kg SO2/106 m3 fuel. 


 


Under the assumption of fuel gas and natural gas used in the facility are the same in 


terms of sulphur content, 


 


Total combustible used in the facility is 1920 tons/day (80 tons/hour). 


Density of natural gas=0,8 kg/m3 (roymech.co.uk) 


Combustible used = 80 ton/hour = 100000 m3/hour 


Total SO2 = (9.6kg SO2 x 100,000 m3combustible/hour) / 106 fuel 


          =  0.96 kg SO2 /hour 
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2) SO2 originated from crude oil 


SO2 originated from the process of crude oil is calculated by using the emission data of 


EPA AP 42. 


According to the emission factors of EPA AP 42 ‘’Petroleum Refineries’’ 


SO2 originated from crude oil processing = 1.413 kg/103 L crude oil 


 


Crude oil used in the facility = 214000 Barrel/day 


1 barrel =159 L 


Crude oil = (214000 Barrel/ day x 159 L/barrel)/ 24 hours= 1417750 L/hour 


SO2 = 1.413 kg/103 L crude oil X 1417750 L crude oil/hour = 2003.28 kg/hour 


Sulphur cycle ratio = 98.5% 


Total SO2= 2003.28 x (1-0.985) 


       = 30.05 kg/hour 


 


There are some units missing at EPA AP42 Emission Factors for “Petroleum Refineries” 


compared to the Project Units. Therefore, highest emission factor stated in AP42 is assumed for all 


the project units 


 


SO2 originated from sulphur recovery unit is calculated by using emission factors in EPA  


AP42 ‘’Sulphur Recovery’’. 


 


In a sulphur recovery unit working with 98.6% efficiency 


SO2 = 25.65 kg SO2 / ton (produced SO2) 


Total SO2 = 25.65 x 30.05 kg produced SO2/hour /1000 kg produced SO2 


          =0.77 kg SO2/hour 


 


Total SO2= 0.96 + 30.05 + 0.77 = 31.78 kg/hour 


 


Total SO2 emission in stack gas originated from the facility whose establishment is 


proposed being 31.78 kg/hour, this value is under the limit 60 kg/hour indicated in Regulation on 


Control of Air Pollution from Industrial Sources Appendix 2 (see Table 2.9). Despite of this 


situation, an air quality effect modeling has been done related to SO2 emissions. Modeling results 


are given in following parts. 
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Table 2.9: SO2 Mass Flow Rates and Concentrations in Normal Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


 (Nm3/hour) 


Thermal 
Power 
(MW) 


SO2 Flow 
Rate 


(kg/hour) 


SO2 


Concentration** 


(mg/Nm3) 


Limit Values 
for SO2  


(mg/Nm3)*** 


Hydrocracker (HCU) 1 171065.81 110.72 5.21 30.48 60.00 


Delayed Coker (DCU) 1 2 45371.97 29.37 1.38 30.48 100.00 


Delayed Coker (DCU) 2 3 45371.97 29.37 1.38 30.48 100.00 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 3.45 30.48 100.00 


Diesel Hydrotreater (DHT) 5 25695.81 16.63 0.78 30.48 100.00 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 7.45 30.48 60.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.27 30.48 100.00 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.21 30.48 100.00 


Natural Gas (NGU) 9 1796.91 1.16 0.05 30.48 100.00 


Boiler 10 104280.00 3.18 30.48   


Reformer (CCR) 11 225332.49 145.84 6.87 30.48 60.00 


Sulfur Recovery 12 16345.89 0.50 30.48   


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.22 30.48 100.00 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.38 30.48 100.00 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 0.44 30.48 100.00 


TOTAL   1042800   31.78     


* Oxygen amount in volumetric  stack gas is given as 3%. 
** Total SO2 flows are distributed to stacks accordingly to the fuel consumption. 


*** The limit values given in Table 5.2 and Table 5.3 in Regulation on Control of Air Pollution from Industrial Sources 


Appendix 5 


 


 


The thermal power of Boiler and Sulphur Recovery Units is not known. However, even if 


their thermal power is under or above 100 MW, they do not exceed the limits. 


 


Worst Case 


Worst case scenario was calculated by considering 60 kg/hour limit value given in 


Regulation on Control of Air Pollution from Industrial Sources Appendix 2. Accordingly, total stack 


gas flow originated from the facility was taken as 60 kg/hour and distributed to funnels according to 


the fuel consumptions of the heaters (see Table 2.10) 


 


Table 2.10: SO2 Mass Flow Rates and Concentrations in Worst Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


 (Nm3/ hour) 


Thermal 
Power 
(MW) 


SO2 Flow Rate 
(kg/ hour) 


SO2 


Concentration ** 


(mg/Nm3) 


Limit Values 
for SO2  


(mg/Nm3)*** 


Hydrocracker (HCU) 1 171065.81 110.72 9.84 57.54 60.00 
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Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


 (Nm3/ hour) 


Thermal 
Power 
(MW) 


SO2 Flow Rate 
(kg/ hour) 


SO2 


Concentration ** 


(mg/Nm3) 


Limit Values 
for SO2  


(mg/Nm3)*** 


Delayed Coker (DCU) 1 2 45371.97 29.37 2.61 57.54 100.00 


Delayed Coker (DCU) 2 3 45371.97 29.37 2.61 57.54 100.00 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 6.51 57.54 100.00 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 1.48 57.54 100.00 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 14.06 57.54 60.00 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.51 57.54 100.00 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.39 57.54 100.00 


Natural Gas (NGU) 9 1796.91 1.16 0.10 57.54 100.00 


Boiler 10 104280.00 6.00 57.54 


Reformer (CCR) 11 225332.49 145.84 12.97 57.54 60.00 


Sulfur Recovery 12 16345.89 0.94 57.54 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.42 57.54 100.00 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.72 57.54 100.00 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 0.83 57.54 100.00 


TOTAL 1042800 60.00 


* Oxygen amount in volumetric  stack gas is given as 3%. 
** Total SO2 flows are distributed to stacks accordingly to the fuel consumption. 


*** The limit values given in Table 5.2 and Table 5.3 in Regulation on Control of Air Pollution from Industrial Sources 


Appendix 5 


 


 


The thermal power of Boiler and Sulphur Recovery Units is not known. However, even if 


their thermal power is under or above 100 MW, they do not exceed the limits 


 


CH4 Emissions 


CH4 emissions were calculated by using the emission factors given in EPA AP42. 


According to the emission factors in EPA AP42 ‘’Natural Gas Combustion’’, 36.8 kg CH4 is formed 


as a result of burning of 1 million m3 natural gas. Accordingly, 3.68 kg methane is formed as a 


result of burning of 100000 m3 gas. Total CH4 flow is distributed to the stacks accordingly fuel 


consumptions (see Table 2.11). There is no national or international limit for CH4 so worst case 


scenario cannot be calculated. 


 


Table 2.11: CH4 Flow Rates and Concentrations 


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


 (Nm3/ hour) 


Thermal Power 
(MW) 


CH4 Flow 
Rate           


(kg/ hour) 


CH4 
Concentration 


(mg/Nm3) 


Hydrocracker (HCU) 1 171065.81 110.72 0.60 3.53 


Delayed Coker (DCU) 1 2 45371.97 29.37 0.16 3.53 
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Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


 (Nm3/ hour) 


Thermal Power 
(MW) 


CH4 Flow 
Rate           


(kg/ hour) 


CH4 
Concentration 


(mg/Nm3) 


Delayed Coker (DCU) 2 3 45371.97 29.37 0.16 3.53 


Hydrogen Generation (HGU) 4 113205.32 73.27 0.40 3.53 


Diesel Hydrotreater (DHT) 5 25695.81 16.63 0.09 3.53 


Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


6 244379.73 158.17 0.86 3.53 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.03 3.53 


Kerosene Hydrotreater(KHT) 
2 


8 6828.26 4.42 0.02 3.53 


Natural Gas (NGU) 9 1796.91 1.16 0.01 3.53 


Boiler 10 104280.00 0.37 3.53 


Reformer (CCR) 11 225332.49 145.84 0.80 3.53 


Sulfur Recovery 12 16345.89 0.06 3.53 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.03 3.53 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.04 3.53 


Naphtha Hydrotreater (NHT)3 15 14375.28 9.30 0.05 3.53 


TOTAL 1042800 3.68 


 


 


Total Organic Carbon Emissions 


Normal Case 


Total Organic Carbon (TOC) calculations has been done by using EPA AP42 emission 


factors. According to the emission factors in EPA AP42 ‘’Natural Gas Combustion’’, 176 kg total 


organic carbon emission is formed as a result of burning of 1 million m3 natural gas. Accordingly, 


17.6 kg total organic carbon is formed as a result of burning of 100000 m3 natural gas. Total flow 


formed is distributed to stacks according to the fuel consumption (see Table 2.12). 


 


Table 2.12: Total Organic Carbon Flow Rates and Concentrations in Normal Case Scenario  


Name of Unit Stack No 


Flow Rate of 
Stack Gas 


 (Nm3/hour) 


Thermal 
Power (MW) 


TOC Flow 
Rate 


(kg/hour) 


TOC 
Concentration 


(mg/Nm3)  


Hydrocracker (HCU) 1 171065.81 110.72 2.89 16.88 


Delayed Coker (DCU) 1 2 45371.97 29.37 0.77 16.88 


Delayed Coker (DCU) 2 3 45371.97 29.37 0.77 16.88 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 1.91 16.88 


Diesel Hydrotreater 
(DHT) 


5 25695.81 16.63 0.43 16.88 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 4.12 16.88 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.15 16.88 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.12 16.88 
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Name of Unit Stack No 


Flow Rate of 
Stack Gas 


 (Nm3/hour) 


Thermal 
Power (MW) 


TOC Flow 
Rate 


(kg/hour) 


TOC 
Concentration 


(mg/Nm3)  


Natural Gas (NGU) 9 1796.91 1.16 0.03 16.88 


Boiler 10 104280.00 1.76 16.88 


Reformer (CCR) 11 225332.49 145.84 3.80 16.88 


Sulfur Recovery 12 16345.89 0.28 16.88 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.12 16.88 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.21 16.88 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 0.24 16.88 


TOTAL 1042800 17.60 


 


 


Worst Case  


Limit values in Regulation on Control of Air Pollution from Industrial Sources Appendix 2 


Table 2.1 are used for total organic carbon emissions. Accordingly, total flow rate is taken as 30 


kg/hour and concentrations of stack gas are calculated accordingly (see Table 2.13).  


 


Table 2.13: Total Organic Carbon Flow Rates and Concentrations in Worst Case Scenario 


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 


(Nm3/hour) 


Thermal Power 
(MW) 


TOC Flow Rate 
(kg/hour) 


TOC 
Concentration 


(mg/Nm3)  


Hydrocracker (HCU) 1 171065.81 110.72 4.92 28.77 


Delayed Coker (DCU) 1 2 45371.97 29.37 1.31 28.77 


Delayed Coker (DCU) 2 3 45371.97 29.37 1.31 28.77 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 3.26 28.77 


Diesel Hydrotreater (DHT) 5 25695.81 16.63 0.74 28.77 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 7.03 28.77 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.25 28.77 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.20 28.77 


Natural Gas (NGU) 9 1796.91 1.16 0.05 28.77 


Boiler 10 104280.00 3.00 28.77 


Reformer (CCR) 11 225332.49 145.84 6.48 28.77 


Sulfur Recovery 12 16345.89 0.47 28.77 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.21 28.77 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.36 28.77 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 0.41 28.77 


TOTAL 1042800 110.72 30.00 
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H2S Emissions 


H2S emission is not expected to form in the facility under normal circumstances. 


However, limit values in Regulation on Air Quality Assessment and Management Appendix 2 Table 


2.1 are used as unfavorable scenario. Concentrations in stack gas are calculated by taking total 


flow rate value (4 kg/h) in the regulation. Flows and concentrations with respect to stacks are given 


in Table 2.14.  


 


Table 2.14: H2S Flow Rates and Concentrations in Worst Case Scenario  


Name of Unit 
Stack 


No 


Flow Rate of 
Stack Gas 
m3/hour 


Thermal Power 
(MW) 


H2S Flow 
Rate          


(kg/ hour) 


H2S 
Concentration 


(mg/Nm3) 


Hydrocracker (HCU) 1 171065.81 110.72 0.66 3.84 


Delayed Coker (DCU) 1 2 45371.97 29.37 0.17 3.84 


Delayed Coker (DCU) 2 3 45371.97 29.37 0.17 3.84 


Hydrogen Generation 
(HGU) 


4 113205.32 73.27 0.43 3.84 


Diesel Hydrotreater (DHT) 5 25695.81 16.63 0.10 3.84 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 244379.73 158.17 0.94 3.84 


Kerosene 
Hydrotreater(KHT)1 


7 8804.86 5.70 0.03 3.84 


Kerosene 
Hydrotreater(KHT) 2 


8 6828.26 4.42 0.03 3.84 


Natural Gas (NGU) 9 1796.91 1.16 0.01 3.84 


Boiler 10 104280.00 0.40 3.84 


Reformer (CCR) 11 225332.49 145.84 0.86 3.84 


Sulfur Recovery 12 16345.89 0.06 3.84 


Naphtha Hydrotreater 
(NHT)1 


13 7367.33 4.77 0.03 3.84 


Naphtha Hydrotreater 
(NHT)2 


14 12578.37 8.14 0.05 3.84 


Naphtha Hydrotreater 
(NHT)3 


15 14375.28 9.30 0.06 3.84 


TOTAL   1042800   4.00   


 


 


2.1.5 Air Quality Standards 


Limit values specified in Regulation on Control of Air Pollution from Industrial Sources for 


the pollutants modeled in project are given in Table 2.15, limit values specified in Regulation on Air 


Quality Assessment and Management are given in Table 2.16, IFC Standards are given in Table 


2.17 and European Union Standards are given in Table 2.18. These values are compared with the 


ground level concentrations found using the modeling.  
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Table 2.15: Limit Values stated in Regulation on Control of Air Pollution from Industrial Sources 


Parameter Duration 
Limit Value  


[µg/m3] 


[CO mg/m3] 


YEAR 


 


2008 


 


2009 2010 2011 2012 2013 


SO2 


 


Hourly 900 900 900 900 900 900 900 


Short Term Limits (STL) 400* 400 370 340 310 280 250 


Target Limit Value 


(Yearly Arithmetic Mean) 
60 60 60 60 60 60 60 


Long Term Limit (LTL) 150 150 150 150 150 150 150 


NO2 


 


STL 300 300 300 300 300 300 300 


LTL 100* 100 92 84 76 68 60 


Suspended 
Particulate Matter 


 (PM 10) 


SLT 300* 300 260 220 180 140 100 


LTL 150* 150 132 114 96 78 60 


CO 
SLT 30* 30 26 22 18 14 10 


LTL 10 10 10 10 10 10 10 


H2S 
Hourly 100 100 100 100 100 100 100 


SLT 40* 40 36 32 28 24 20 


Total Organic 
Compounds 


(in terms of 
carbon) 


Hourly 280 280 280 280 280 280 280 


STL 140* 140 126 112 98 84 70 


*Limit Values will be reduced at an equal rate till reaching 2014 targets  


 


 


Table 2.16: Limit Values stated in Regulation on Air Quality Assessment and Management 


Pollutant 
Average 
Duration 


Limit 
Value 


Tolerance  
Upper 


Assessment 
Threshold          


Lower 
Assessment 
Threshold       


Date 
when 
Limit 


Value is 
reached 


Warning 
Threshold 


SO2 


hourly 


 
-to protect 
human health   


350 
µg/m3  


(cannot 
be 
exceeded 
more 
than 24 
times in a 
year) 


  


150 µg/m3 at the 
date 1.1.2014 (43% 
of limit value)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2019  


    1.Janruary 
2019 


500 µg/m3 


(measured 3 
consecutive 
hours at the 
representative 
air quality 
region. The 
region should 
be the whole 
region or a 
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Pollutant 
Average 
Duration 


Limit 
Value 


Tolerance  
Upper 


Assessment 
Threshold          


Lower 
Assessment 
Threshold       


Date 
when 
Limit 


Value is 
reached 


Warning 
Threshold 


24 hourly  


-to protect 
human health 


125 
µg/m3 


(cannot 
be 
exceeded 
more 
than 3 
times in a 
year)  


125 µg/m3  at the 
date 1.1.2014 
(100% of limit value) 
and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2019 


60% of 24 hourly 
limit value (75 
µg/m3  
cannot be 
exceeded more 
than 3 times in a 
year) 


40% of 24 
hourly limit 
value              
(50 µg/m3  
cannot be 
exceeded more 
than 3 times in 
a year) 


1.Janruary 
2019 


sub-region or 
at least in 100 
km2 , which 
one is 
smaller.)  


 


Annual and 
winter period 
(between 1st of 
October and 31st 
of March) 


- to protect 
ecosystem- 


20 µg/m3   60% of the winter 
period limit value 


(12 µg/m3) 


40% of the 
winter period 
limit value 


(8 µg/m3) 


1.Janruary 
2014 


NO2 


hourly 


-to protect 
human health 


200 
µg/m3 
(cannot 
be 
exceeded 
more 
than 18 
times in a 
year) 


At the date 1.1.2014 


100 µg/m³ (50% of 
limit value)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2024 


70% of limit value 


(140 µg/m3  


cannot be 
exceeded more 
than 18 times in a 
year) 


50% of limit 
value  


(100 µg/m3 
cannot be 
exceeded more 
than 18 times in 
a year)  


1.Janruary 
2024 


400 µg/m3 


(measured 3 
consecutive 
hours at the 
representative 
air quality 
region. The 
region should 
be the whole 
region or a 
sub-region or 
at least in 100 
km2 , which 
one is 
smaller) 


annual  


-to protect 
human health 


40µg/m3 At the date 1.1.2014 


20 µg/m³ (50% of 
limit value)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2024 


80% of limit value 
(32 µg/m3 ) 


65% of limit 
value (26 
µg/m3) 


1. January 
2024 


  


NOX 
annual 


– to protect 
vegetation cover 


30 µg/m3 - 80% of limit value 
(24 µg/m3)  


65% of limit 
value (19,5 
µg/m3 ) 


1. January 
2014 


  


PM(10) 


24 hourly 


-to protect 
human health 


50 µg/m3  


(cannot 
be 
exceeded 
more 
than 18 
times in a 
year)  


At the date 1.1.2014 


50 µg/m³ (100% of 
limit value)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2024 


30 µg/m3  


(cannot be 
exceeded more 
than 7 times in a 
year) 


20 µg/m3  


(cannot be 
exceeded more 
than 7 times in 
a year) 


1 January 
2019 
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Pollutant 
Average 
Duration 


Limit 
Value 


Tolerance  
Upper 


Assessment 
Threshold          


Lower 
Assessment 
Threshold       


Date 
when 
Limit 


Value is 
reached 


Warning 
Threshold 


annual  


-to protect 
human health 


40.µg/m3  At the date 1.1.2014 


20 µg/m³ (50% of 
limit value)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2024 


14 µg/m3 10 µg/m3 1 January 
2019 


 


Carbon 
Monoxide 


(CO) 


Maximum 8 
hours daily on 
average  


-to protect 
human health - 


10 
mg/m3 


At the date 
01.01.2014  


 6 mg/m³ (% 60)  


and decreased 
annually with equal 
amounts per 12 
months such that 
tolerance will be 
cancelled out till the 
date 01.01.2017 


70% of limit value 


(7 mg/m3) 


50% of limit 
value 


(5 mg/m3) 


1 January 
2017 


 


 


 


Table 2.17: IFC Limit Values* 


Pollutant 
Average 
Duration 


Limit Value (µg/m3) 


SO2 


24 hours 125 (Interim target-1) 


50 (Interim target-2) 


20 (limit value) 


NO2 Annual 40  


PM 


24 hours 150 (Interim target-1) 


100 (Interim target-2) 


75 (Interim target-3) 


50 (limit value) 


Annual  70 (Interim target-1) 


50 (Interim target-2) 


30 (Interim target-3) 


20 (limit value) 


*Source: IFC Environmental, Health and Safety Guidelines, 


1.1 Air Emissions and Ambient Air Quality, 2007 







  STAR Refinery 


STAR RAFİNERİ Inc. Air Quality Modeling Report 


 


30 


 


Table 2.18: European Union Standards* 


Pollutant Average Duration Limit Value Upper Assessment Threshold   
Lower Assessment 


Threshold             


SO2 


hourly 350 µg/m3 


(cannot be 
exceeded 
more than 24 
times in a 
year) 


  


    


One day 


 


125 µg/m3 


(cannot be 
exceeded 
more than 3 
times in a 
year)  


60% of 24 hourly limit value  


(75 µg/m3 cannot be exceeded 
more than 3 times in a year) 


40% of 24 hourly limit 
value  


(50 µg/m3 
cannot be exceeded 
more than 3 times in a 
year) 


Annual and winter period 
- to protect ecosystem- 


20 µg/m3 60% of the winter period limit 
value 


(12 µg/m3) 


40% of the winter 
period limit value 


(8 µg/m3) 


NO2 


hourly 


 


200 µg/m3 
(cannot be 
exceeded 
more than 18 
times in a 
year) 


70% of limit value 


(140 µg/m3  


cannot be exceeded more than 
18 times in a year) 


50% of limit value  


(100 µg/m3 cannot be 
exceeded more than 18 
times in a year)  


annual  


 


40µg/m3 80% of limit value (24 µg/m3)  65% of limit value (19,5 
µg/m3 ) 


PM(10) 


One day 


 


50 µg/m3  


(cannot be 
exceeded 
more than 18 
times in a 
year)  


30 µg/m3  


(cannot be exceeded more than 
7 times in a year) 


20 µg/m3  


(cannot be exceeded 
more than 7 times in a 
year) 


annual  


 


40.µg/m3  14 µg/m3 10 µg/m3 


Carbon 
Monoxide (CO) 


Maximum 8 hours daily 
on average  


 


10 mg/m3 70% of limit value 


(7 mg/m3) 


50% of limit value 


(5 mg/m3) 


* Source: 21st May 2008 dated and 2008/50/EC numbered Directive 


 


 


2.1.6 Stacks at the Facility 


The stacks which the emissions discharged to the atmosphere are given below. The 


locations of the stacks are shown in Figure 2.1.  


 


Name of Unit Stack No 


Hydrocracker (HCU) 1 


Delayed Coker (DCU) 1 2 


Delayed Coker (DCU) 2 3 


Hydrogen Generation (HGU) 4 


Diesel Hydrotreater (DHT) 5 
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Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


6 


Kerosene Hydrotreater(KHT)1 7 


Kerosene Hydrotreater(KHT) 2 8 


Natural Gas (NGU) 9 


Boiler 10 


Reformer (CCR) 11 


Sulfur Recovery 12 


Naphtha Hydrotreater (NHT)1 13 


Naphtha Hydrotreater (NHT)2 14 


Naphtha Hydrotreater (NHT)3 15 
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Figure 2.1: Presentation of Stack Locations to be established in Operation Phase of the Refinery on the Layout Plan 
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2.1.7 Calculation of Stack Height  


Total 15 stacks present at the refinery. The heights of these stacks were calculated 


according to chart given in Appendix 4 of Regulation on Control of Air Pollution from Industrial 


Sources. Stack heights were calculated by using diameter of the stack, outlet temperature of the 


stack gas, flow rate of the stack gas and pollutant emissions. The “s” value used for stack height 


calculation is given 0.14 for SO2, 0.14 for NO2, 0.08 for PM, 7.5 for CO and 0.003 for H2S in the 


regulation. The charts used for stack height calculation are given in Figure 2.2-Figure 2.4. The 


colours and stack numbers used in the charts are given in Table 2.19. Stack heights calculated 


from the charts are given in Table 2.20.  


 


Table 2.19: Colours and Stack No used in Charts 


Stack No Colours in Figure 2.2  


1 Blue 


2 and 3 Red 


4 Orange 


5 Green 


6 Yellow 


Stack No Colours in Figure 2.3 


7 Blue 


8 Red 


9 Orange 


10 Green 


11 Yellow 


Stack No Colours in Figure 2.4 


12 Blue 


13 Red 


14 Orange 


15 Green 
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Figure 2.2: Chart used in Calculation of Stack Height for Stack 1-6 
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Figure 2.3: Chart used in Calculation of Stack Height for Stack 7-11 
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Figure 2.4: Chart used in Calculation of Stack Height for Stack 12-15 
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Table 2.20: Stack Heights Calculated with Chart 


Name of Unit 
Stack 


No 


Stack 
Diameter 


(m) 


Outlet 
Temperature 
of Stack Gas 


(°C) 


Flow Rate 
of Stack 


Gas 
(m3/hour) 


NO2 
Flow 
Rate 
(kg/ 


hour) 


Q/s      
(kg/ 


hour) 


SO2 Flow 
Rate 


(kg/ hour) 


Q/s (kg/ 
hour) 


PM  
Flow 
Rate 
(kg/ 


hour) 


Q/s (kg/ 
hour) 


CO 
Flow 
Rate 
(kg/ 


hour) 


Q/s (kg/ 
hour) 


H2S 
Flow 
Rate 
(kg/ 


hour) 


Q/s (kg/ 
hour) 


Stack 
Height (m) 


Hydrocracker (HCU) 1 3.5 170 171099.67 24,89 248.86 5.21 37.24 1.71 21.38 17.11 2.28 0.66 218.73 15 


Delayed Coker (DCU) 1 2 2 170 45380.95 6,60 66.00 1.38 9.88 0.45 5.67 4.54 0.60 0.17 58.01 10 


Delayed Coker (DCU) 2 3 2 170 45380.95 6,60 66.00 1.38 9.88 0.45 5.67 4.54 0.60 0.17 58.01 10 


Hydrogen Generation 
(HGU) 


4 3 170 113227.72 16,47 164.68 3.45 24.64 1.13 14.15 11.32 1.51 0.43 144.75 15 


Diesel Hydrotreater (DHT) 5 1.4 170 25700.90 3,74 37.38 0.78 5.59 0.26 3.21 2.57 0.34 0.10 32.85 10 


Crude Oil Distillation 
(CDU)+ Vacuum Distillation 
(VDU) 


6 4 170 244428.09 35,55 355.51 7.45 53.20 2.44 30.55 24.44 3.26 0.94 312.47 20 


Kerosene 
Hydrotreater(KHT)1 


7 0.8 170 8806.60 1,28 12.81 0.27 1.92 0.09 1.10 0.88 0.12 0.03 11.26 10 


Kerosene 
Hydrotreater(KHT) 2 


8 0.7 170 6829.61 0,99 9.93 0.21 1.49 0.07 0.85 0.68 0.09 0.03 8.73 10 


Natural Gas (NGU) 9 0.38 170 1797.27 0.26 2.61 0.05 0.39 0.02 0.22 0.18 0.02 0.01 2.30 10 


Boiler 10 3 170 104280.00 15,17 151.70 3.18 22.70 1.04 13.04 10.43 1.39 0.40 133.33 15 


Reformer (CCR) 11 4 170 225377.08 32,78 327.80 6.87 49.05 2.25 28.17 22.53 3.00 0.86 288.11 20 


Sulfur Recovery 12 1.2 170 16345.89 2,38 23.78 0.50 3.56 0.16 2.04 1.63 0.22 0.06 20.90 10 


Naphtha Hydrotreater 
(NHT)1 


13 0.8 170 7368.79 1,07 10.72 0.22 1.60 0.07 0.92 0.74 0.10 0.03 9.42 10 


Naphtha Hydrotreater 
(NHT)2 


14 1 170 12580.86 1,83 18.30 0.38 2.74 0.13 1.57 1.26 0.17 0.05 16.08 10 


Naphtha Hydrotreater 
(NHT)3 


15 1 170 14378.12 2,09 20.91 0.44 3.13 0.14 1.80 1.44 0.19 0.06 18.38 20 
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Besides, it is stated in Appendix 4 of the Regulation on Control of Air Pollution from 


Industrial Sources that, topographical conditions can change the stack height. This difference is 


found via H=H‟+J formula. The “J” value stated in the formula is found via “Chart for J value” given 


in Appendix-2 of Regulation on Control of Air Pollution from Industrial Sources. Elevation difference 


between the base elevation of the project area and the area, whose radius is 10H” and center point 


is the stack location, is expressed as J. Therefore, if the topographical differences are considered, 


the new stack heights is found as 30 m more than the stack heights found with the chart. 


Nevertheless, minimum stack height determined as 75 m.  Physical characteristics and the heights 


of the stacks are given in Table 2.3.  
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3. AIR QUALITY MODEL 


3.1 Method used in Modeling Study 


Through modeling works, it is analyzed that, how the pollutants emitted to the 


atmosphere from the stacks of the planned facility will disperse in the influence area under the 


current meteorological conditions and possible ground level contaminations due to dispersion of 


the pollutants.  


 


Within the scope of Air Quality Dispersion Modeling study, “AERMOD” program was 


used. This model is a typical gauss dispersion model and it is used for calculating 3 dimensional 


dispersion of gas or dust type pollutants. Within model it is possible to modeling contaminant 


dispersions of area, point, linear or volumetric sources. The model which was developed for using 


the place of ISC in the year 2000, has became the recommended model by EPA (US 


Environmental Protection Agency) since 9th of November 2005.   


 


AERMOD is used for modeling of atmospheric dispersion for stable facility caused air 


contaminants in to 50 kilometers areas, on the simple or complex terrains. 


 


AERMOD modeling is worked in a user determined network system and calculations are 


made for every corner points of every receiving environment units, which is constituted network. 


The network used by AERMOD can be defined as polar or Cartesian networks and besides 


network system, separate receiving points can be determined and more detailed calculations can 


be made at these points. Model uses topographical maps to determine the effects of the terrain on 


the dispersion.  


 


Modeling inputs used in this study are given in the following parts of the report. 


 


3.2 Meteorological Data used in Modeling 


Long term meteorological data which are necessary for modeling study, are provided 


from nearby meteorological stations. The most important factor for choosing the meteorological 


station data, will be used in modeling study, is that the data should represent the project area  as 


much as possible.  


 


In this context, firstly meteorological stations next to project area were investigated to use 


the in the air quality modeling. The data from İzmir, Aliağa and Dikili Meteorological Stations, which 


can ^record meteorological data hourly, were used. Year 2010 of Dikili Station which is the latest 


year that represents the long term data was selected because long term data is not available for 


Aliağa Meteorological Station. Wind speed and direction data was used from Aliağa Station (see 


Table 3.1and Figure 3.1). Other atmospheric data was supplied from Dikili Meteorological Station. 


Upper air atmosphere data was used from İzmir Meteorological Station.  
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Table 3.1: Total Number of Wind Blowing of Aliağa Meteorological Station According to Directions for 2010 year 


Directions I II III IV V VI VII VIII IX X XI XII Total 


N   192 183 514 571 137 317 647 409 150 406 206 203 3935


NNE 981 201 809 910 133 284 993 1013 466 983 98 646 7517


NE  711 279 269 241 149 247 196 375 408 661 137 500 4173


ENE 258 213 168 180 209 231 89 255 148 230 173 266 2420


E   244 431 274 152 199 286 44 353 148 249 282 437 3099


ESE 69 116 172 89 185 282 21 223 144 111 264 182 1858


SE  94 205 165 197 314 282 39 105 102 137 239 178 2057


SSE 529 710 388 290 498 189 43 43 195 464 576 599 4524


S   768 908 351 312 529 171 62 34 283 467 1315 900 6100


SSW 314 240 252 195 372 185 75 30 224 197 363 155 2602


SW  84 96 100 132 299 149 101 20 103 53 77 53 1267


WSW 48 68 90 84 179 245 127 15 87 21 36 32 1032


W   44 103 131 96 230 194 191 26 82 20 34 31 1182


WNW 33 57 75 81 103 180 248 47 46 29 28 29 956


NW  60 70 343 361 438 368 392 116 110 155 84 115 2612


NNW 25 135 339 387 353 359 478 146 177 265 376 101 3141
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Figure 3.1: Wind Diagram for Aliağa Meteorological Station (According to Total Number of Wind Blowing)) 
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3.3 Model Inputs 


3.3.1 Receptor System used in Air Quality Modeling 


It is necessary for AERMOD program to determine a influence area and to split this area 


for receptor units. Principles, related with calculating contribution value to air pollution and air 


quality measurement are indicated in Regulation on Control of Air Pollution from Industrial Sources 


Appendix-2. By complying this principles, according to principles in Regulation on Control of Air 


Pollution from Industrial Sources Appendix-4, the impact area of facility have been defined as the 


area that has 50 times bigger radius from determined stack heights, beginning from center of 


emission. According to this definition, facility impact area is found as circle with 4500 meter radius. 


However, this area is taken as circle with 10500 meter radius to determine detailed pollutant 


dispersion and in this area, receptor points are placed with circular grid method. The center of 


circular grid is the middle point of the facility. Circular grid system is centered with middle point of 


the facility and has a radius of 10500 meter. Receiving points have been placed with 10° angle and 


300 m gap. Total 1260 receiving points were defined. The map that in receiving system is present 


is represented in Figure 3.2. 


 


 


 
Figure 3.2: Field of Study used in Air Quality Modeling  


 


Ground level concentrations of each pollutant were calculated for daily and annual 


periods at the corner point of each receptor grid by using modeling. Ground level concentrations 


that compile the limit values specified in the regulation are calculated from these concentrations. 


These ground level concentrations compared with the limit values in the related regulation.  
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Besides, sensitive receptors near the refinery are defined (see Table 3.2) and shown in 


the distribution maps. Evaluation about these receptors is given in the following sections.  


 


Table 3.2: List of Sensitive Receptors 


No Name of Receptor 


1 Petkim Lodgement  


3 Aliağa Town 


4 Aliağa Town 


5 Northwest of Aliağa Peninsula 


7 Petkim Site 


9 Petkim Site-Port 


CT1 Port 


15 TCDD Biçerova Station 


18 Aliağa Government Office-Fisherman Port 


19 Aliağa Public Hospital 


22 Nemrut Bay 


 


 


3.3.2 Source Parameters used in Modeling  


The emissions caused by the refinery are given in Chapter 2 in detail. Exhaust gas will be 


converted to the fuel gas system by gas collection and compression system at the flares in the 


refinery. In case of incidental cases, gas will be burned under control and there is no NOx, SO2 and 


CO emission is expected to occur. The coordinates of the stacks and physical characteristics of the 


stacks are given in Table 3.3. 


 


Table 3.3: Stacks of Refinery and Characteristics of Stacks 


Name of Unit 
Stack 


No 


Coordinate Stack 
Height 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Stack 
Diameter 


(m) 


Outlet 
Temperature 
of Stack Gas 


(oC) 
X Y Z 


Hydrocracker (HCU) 1 493945 4294661 56 95.00  4.94 3.5 170 


Delayed Coker (DCU) 1 2 494094 4294655 42 75.00  4.01 2 170 


Delayed Coker (DCU) 2 3 494168 4294652 35 75.00  4.01 2 170 


Hydrogen Generation 
(HGU) 


4 493926 4294406 33 95.00  4.45 3 170 


Diesel Hydrotreater 
(DHT) 


5 493736 4294262 34 75.00  4.64 1.4 170 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 494198 4294368 24 95.00  5.41 4 170 


Kerosene 
Hydrotreater(KHT)1 


7 493841 4294160 27 75.00  4.87 0.8 170 


Kerosene 
Hydrotreater(KHT) 2 


8 493870 4294137 26 75.00  4.93 0.7 170 


Natural Gas (NGU) 9 493995 4294189 23 75.00  3.97 0.4 170 


Boiler 10 494066 4294154 18 95.00  4.10 3 170 
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Name of Unit 
Stack 


No 


Coordinate Stack 
Height 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Stack 
Diameter 


(m) 


Outlet 
Temperature 
of Stack Gas 


(oC) 
X Y Z 


Reformer (CCR) 11 493742 4294072 27 95.00  4.98 4 170 


Sulfur Recovery 12 493928 4293932 16 75.00  4.02 1.2 170 


Naphtha Hydrotreater 
(NHT)1 


13 493655 4293935 15 75.00  4.07 0.8 170 


Naphtha Hydrotreater 
(NHT)2 


14 493688 4293917 23 75.00  4.45 1 170 


Naphtha Hydrotreater 
(NHT)3 


15 493723 4293895 22 75.00  5.09 1 170 


 


 


3.4 Modeling Results 


The results of the air quality modeling done to determine ground level concentrations of 


the stack emissions emerged from the refinery, which is planned to established Aliağa District of 


İzmir Province, are given in the following sections. Dispersion maps formed as a result of modeling 


are given in Appendix-1. 


 


NO2 


Normal Case 


The flow rate and concentrations for the normal case scenario is given in Table 2.4. The 


results of the modeling are presented in Table 3.4 and Table 3.5.  


 


According to modeling results, maximum value among the daily concentrations is 44.41 


µg/m³. This value is under the limit concentration, 300 µg/m3, given in Table 2.2 in Appendix-2 of 


Regulation on Control of Air Pollution from Industrial Sources. Additionally, maximum value among 


the annual concentrations found via modeling is 6.79 µg/m³. This value does not exceed the long 


term limit concentration, 100 µg/m3, given in the regulation. According to regulation, limit value will 


be reduced gradually and will be 60 µg/m³ in the year 2013. Highest annual concentration found is 


also under this value. 


 


The annual limit concentration for NO2 is given as 40 µg/m³ in “Regulation on Air Quality 


Assessment and Management”. The results of modeling are below this limit value. 


 


The annual limit value in IFC Standards is 40 µg/m³. The results of annual modeling are 


under the limit value.  


 


According to European Union standards, the annual limit value is 40 µg/m³. The results of 


annual modeling are under the limit value.  


 


Table 3.4: Maximum Daily NO2 Concentrations and their Coordinates in Normal Case 


X Y Concentration (µg/m3) 


1 493043.9 4294689 44.41911 


2 492977.6 4294546 31.1469 
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X Y Concentration (µg/m3) 


3 492904 4295010 29.62509 


4 493133.9 4294817 28.63717 


5 492937 4294082 28.32597 


6 493223.3 4295278 27.60782 


7 493244.8 4294928 26.11416 


8 492923.3 4294239 22.76356 


9 492641.5 4294447 22.3858 


10 493363.7 4294624 21.18172 


11 493052 4295158 20.92786 


12 492937 4294395 19.60386 


13 493373.3 4295018 17.78704 


14 492977.6 4293931 15.94025 


15 492674.2 4295203 15.66987 


16 492623.3 4294239 15.3086 


17 492784.1 4294839 14.53568 


18 492695.7 4294649 12.9311 


19 492859.1 4295388 10.97623 


20 493073.3 4295538 10.9313 


 


 


Table 3.5: Maximum Annual NO2 Concentrations and their Coordinates in Normal Case 


X Y Concentration (µg/m3) 


1 492937 4294082 6.79729 


2 493043.9 4294689 5.83648 


3 492923.3 4294239 4.68111 


4 493244.8 4294928 4.38443 


5 492977.6 4294546 4.30915 


6 493223.3 4295278 4.14963 


7 493133.9 4294817 3.90247 


8 492641.5 4294447 3.8779 


9 492937 4294395 3.73641 


10 493363.7 4294624 3.5306 


11 492977.6 4293931 3.38817 


12 492904 4295010 3.28787 


13 492623.3 4294239 3.05946 


14 493373.3 4295018 2.91341 


15 492695.7 4294649 2.57927 


16 492784.1 4294839 2.29813 


17 493052 4295158 2.14873 


18 493073.3 4295538 1.76534 


19 492674.2 4295203 1.66957 


20 493437.6 4294698 1.63345 
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Worst Case Scenario 


The flow rates and concentrations calculated for the worst case scenario are presented in 


Table 2.5. The results of the modeling study is given in Table 3.6 and Table 3.7.  


 


According to the modeling results, maximum daily concentration value is 74.03 µg/m³ and 


this value does not exceed the short term limit value of 300 µg/m³ stated in Table 2.2 in Appendix-2 


of Regulation on Control of Air Pollution from Industrial Sources. Similarly, the maximum annual 


concentration calculated is 11.32 µg/m³ and this value does not exceeds the long term limit value of 


100 µg/m³ stated in the regulation. According to the legislation, the long term limit value will be 


reduced gradually and it will be 60 µg/m³ in the year 2013. The maximum annual concentration 


value calculated in the modeling also does not exceed this value. 


 


 


The annual limit concentration for NO2 is given as 40 µg/m³ in “Regulation on Air Quality 


Assessment and Management” and in European Union Standards. The ground level 


concentrations are below this limit value for the worst case scenario.  


 


The annual limit value in IFC Standards  is 40 µg/m³. The results of annual modeling are 


under the limit value. 


 


Table 3.6: Maximum Daily NO2 Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 493043.9 4294689 74.03191 


2 492977.6 4294546 51.91153 


3 492904 4295010 49.37518 


4 493133.9 4294817 47.72865 


5 492937 4294082 47.20998 


6 493223.3 4295278 46.01307 


7 493244.8 4294928 43.52363 


8 492923.3 4294239 37.9393 


9 492641.5 4294447 37.30969 


10 493363.7 4294624 35.30289 


11 493052 4295158 34.87979 


12 492937 4294395 32.67312 


13 493373.3 4295018 29.64508 


14 492977.6 4293931 26.5671 


15 492674.2 4295203 26.11647 


16 492623.3 4294239 25.51435 


17 492784.1 4294839 24.22615 


18 492695.7 4294649 21.55185 


19 492859.1 4295388 18.29373 


20 493073.3 4295538 18.21884 
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Table 3.7: Maximum Annual NO2 Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 492937 4294082 11.32883 


2 493043.9 4294689 9.72748 


3 492923.3 4294239 7.80186 


4 493244.8 4294928 7.30738 


5 492977.6 4294546 7.18192 


6 493223.3 4295278 6.91606 


7 493133.9 4294817 6.50411 


8 492641.5 4294447 6.46317 


9 492937 4294395 6.22735 


10 493363.7 4294624 5.88434 


11 492977.6 4293931 5.64695 


12 492904 4295010 5.47978 


13 492623.3 4294239 5.09911 


14 493373.3 4295018 4.85568 


15 492695.7 4294649 4.29878 


16 492784.1 4294839 3.83022 


17 493052 4295158 3.58122 


18 493073.3 4295538 2.94223 


19 492674.2 4295203 2.78262 


20 493437.6 4294698 2.72243 


 


 


CO 


The mass flow rates and concentrations calculated for the worst case scenario are 


tabulated in Table 2.6. The coordinates where the maximum ground level concentrations and 


maximum concentrations calculated via modeling are seen are presented in Table 3.8 and Table 


3.9.  


 


According to the results of modeling for the daily short term values, the maximum 


concentration is 50.84 µg/m³. This value does not exceed the short term limit value of 30 mg/m³ 


stated in Table 2.2 in Appendix-2 of Regulation on Control of Air Pollution from Industrial Sources. 


The short term limit values will be reduced gradually till the year 2013 and it will became 10 mg/m³. 


The daily modeling results does not exceed this value. The maximum annual average 


concentration representing the long term limit value is 7.7 µg/m³. This concentration value is also 


below the long term limit of 10 mg/m³. 


 


In the Regulation on Air Quality Assessment and Management, the maximum daily 8 


hours average limit value for CO is 10 mg/m³ (6 mg/m³ in January 1, 2014). The modeling results 


comply with the limit values. 


 


Table 3.8: Maximum Daily Average CO Concentrations and their Coordinates in Worst Case Scenario  


X Y Concentration (µg/m3) 


1 493043.9 4294689 50.84306 


2 492977.6 4294546 35.60238 
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X Y Concentration (µg/m3) 


3 492904 4295010 33.91699 


4 493133.9 4294817 32.79481 


5 492937 4294082 32.43313 


6 493223.3 4295278 31.58616 


7 493244.8 4294928 29.79309 


8 492923.3 4294239 25.96456 


9 492641.5 4294447 25.62429 


10 493363.7 4294624 24.07074 


11 493052 4295158 23.94471 


12 492937 4294395 22.33402 


13 493373.3 4295018 20.1879 


14 492977.6 4293931 18.12533 


15 492674.2 4295203 17.78365 


16 492623.3 4294239 17.38106 


17 492784.1 4294839 16.61893 


18 492695.7 4294649 14.68801 


19 493073.3 4295538 12.41958 


20 492859.1 4295388 12.40403 


 


Table 3.9: Maximum Annual Average CO Concentrations and their Coordinates in Worst Case Scenario  


X Y Concentration (µg/m3) 


1 492937 4294082 7.77793 


2 493043.9 4294689 6.67867 


3 492923.3 4294239 5.34569 


4 493244.8 4294928 5.00682 


5 492977.6 4294546 4.92179 


6 493223.3 4295278 4.74395 


7 493133.9 4294817 4.46442 


8 492641.5 4294447 4.43382 


9 492937 4294395 4.26302 


10 493363.7 4294624 4.01373 


11 492977.6 4293931 3.86247 


12 492904 4295010 3.76402 


13 492623.3 4294239 3.4836 


14 493373.3 4295018 3.31056 


15 492695.7 4294649 2.93484 


16 492784.1 4294839 2.62641 


17 493052 4295158 2.45883 


18 493073.3 4295538 2.00782 


19 492674.2 4295203 1.89891 


20 493437.6 4294698 1.86255 
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PM 


The concentrations calculated for the worst case scenario for the particulate matter (PM) 


is given in Table 2.7. The coordinates where the maximum ground level concentrations and 


maximum concentrations calculated via modeling are seen are presented in Table 3.10 and Table 


3.11.  


 


The daily average maximum concentration is calculated as 5.08 µg/m³. The short term 


limit value for PM is 300 µg/m³ according to Table 2.2 in Appendix-2 of Regulation on Control of Air 


Pollution from Industrial Sources and the modeling results does not exceed this limit. Furthermore, 


by gradual reduction, the limit value will be decreased to 100 µg/m³ in the year 2013 and the daily 


average modeling result does not also exceed this future limit. As for the annual modeling, the limit 


value is 150 µg/m³. The limit value will descent to 60 µg/m³ with gradual reduction. According to the 


modeling results, the maximum average annual concentration is 0.77 µg/m³; therefore, this value is 


below the limit values. 


 


In Regulation on Air Quality Assessment and Management and in European Union 


Directive, the daily PM limit value is 50 µg/m³ and the annual limit value is 40 µg/m³ (20 µg/m³ in 


January 1, 2014). The modeling results do not exceed the limits.  


 


In compliance with the IFC Standards, the daily PM limit value is 50 µg/m³; whereas the 


annual limit value is 20 µg/m³. The modeling results comply with the IFC Standards.  


 


Table 3.10: Maximum Daily Average PM Concentrations and their Coordinates in Worst Case Scenario 


 
X Y 


Concentration 
(µg/m3) 


1 493043.9 4294689 5.08995 


2 492977.6 4294546 3.5691 


3 492904 4295010 3.39471 


4 493133.9 4294817 3.28151 


5 492937 4294082 3.24585 


6 493223.3 4295278 3.16356 


7 493244.8 4294928 2.9924 


8 492923.3 4294239 2.60846 


9 492641.5 4294447 2.56517 


10 493363.7 4294624 2.4272 


11 493052 4295158 2.39811 


12 492937 4294395 2.24639 


13 493373.3 4295018 2.0382 


14 492977.6 4293931 1.82658 


15 492674.2 4295203 1.7956 


16 492623.3 4294239 1.7542 


17 492784.1 4294839 1.66563 


18 492695.7 4294649 1.48176 


19 492859.1 4295388 1.25776 


20 493073.3 4295538 1.25261 
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Table 3.11: Maximum Annual Average PM Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 492937 4294082 0.7789 


2 493043.9 4294689 0.6688 


3 492923.3 4294239 0.53641 


4 493244.8 4294928 0.50241 


5 492977.6 4294546 0.49378 


6 493223.3 4295278 0.4755 


7 493133.9 4294817 0.44718 


8 492641.5 4294447 0.44437 


9 492937 4294395 0.42815 


10 493363.7 4294624 0.40457 


11 492977.6 4293931 0.38825 


12 492904 4295010 0.37675 


13 492623.3 4294239 0.35058 


14 493373.3 4295018 0.33385 


15 492695.7 4294649 0.29556 


16 492784.1 4294839 0.26334 


17 493052 4295158 0.24622 


18 493073.3 4295538 0.20229 


19 492674.2 4295203 0.19131 


20 493437.6 4294698 0.18718 


 


 


CO2  


CO2 emission values are tabulated in Table 2.8. The modeling calculations have been 


conducted for the daily and annual periods for CO2. There is no national and international limit 


value set out for CO2; therefore, only normal case modeling is conducted for CO2. According to the 


modeling results, the maximum daily and annual concentrations are tabulated in Table 3.12 and 


Table 3.13. 


 


Table 3.12: Maximum Daily CO2 Concentrations and their Coordinates 


  X Y Concentration (µg/m3) 


1 493437.6 4294698 607430.3 


2 493523.3 4294758 491792.1 


3 493363.7 4294624 432832.3 


4 493043.9 4293789 281554.8 


5 493373.3 4295018 254916.2 


6 492859.1 4295388 199107.6 


7 492674.2 4295203 197397.8 


8 493073.3 4295538 174189.8 


9 493303.7 4294539 144370.7 


10 492695.7 4294649 116777.6 


11 492346.1 4294499 116192.6 


12 492524.3 4294989 103393.6 


13 492784.1 4293639 100077.5 
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  X Y Concentration (µg/m3) 


14 493515.5 4295084 98552.74 


15 493412.9 4295366 96707.09 


16 492641.5 4294030 92593.53 


17 492623.3 4294239 91577.05 


18 496523 4291021 87533.38 


19 493618.1 4294802 79619.09 


20 492695.7 4293828 67275.48 


 


 


Table 3.13: Maximum Annual CO2 Concentrations and their Coordinates  


  X Y Concentration (µg/m3) 


1 493437.6 4294698 49619.43 


2 493363.7 4294624 47402.84 


3 493043.9 4293789 38468 


4 493523.3 4294758 32266.47 


5 493373.3 4295018 28007.32 


6 493073.3 4295538 19940.4 


7 492859.1 4295388 14886.95 


8 493412.9 4295366 14740.79 


9 492784.1 4293639 14612.9 


10 493303.7 4294539 14514.33 


11 492641.5 4294030 13224.38 


12 492346.1 4294499 13080.36 


13 493515.5 4295084 11844.76 


14 493618.1 4294802 10272.65 


15 492674.2 4295203 9958.186 


16 492695.7 4293828 9818.856 


17 493719.1 4294830 8106.718 


18 492695.7 4294649 8043.046 


19 493927.5 4294830 7249.63 


20 492524.3 4294989 7192.547 


 


 


SO2 


Normal Case 


The concentrations calculated for the normal case scenario for the SO2 emissions is given 


in Table 2.9. As per modeling results, the daily average maximum concentration is calculated as 


15.46 µg/m³ (see Table 3.14). The short term limit value in Regulation on Control of Air Pollution 


from Industrial Sources is 400 µg/m³. Through gradual reduction, the value is decreased to 250 


µg/m³ in the year 2013. The daily SO2 concentrations are below these values. The modeling results 


for the annual period, the highest concentration is calculated as 2.36 µg/m³ (see Table 3.15). The 


long term limit value is determined as 150 µg/m³. The modeling result does not exceed this limit.  


 


In Regulation on Air Quality Assessment and Management and in European union 


Standards, the daily SO2 limit value is 125 µg/m³ and annual limit value is 20 µg/m³. As per the 
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modeling results, limit values are not exceeded in any location.  


 


In compliance with the IFC Standards, the daily SO2 value is 20 µg/m³. The modeling 


results comply with the IFC Standards.  


 


Table 3.14: Maximum Daily SO2 Concentrations and their Coordinates in Normal Case Scenario  


  X Y Concentration (µg/m3) 


1 493043.9 4294689 15.46453 


2 492977.6 4294546 10.82107 


3 492904 4295010 10.3175 


4 493133.9 4294817 9.96501 


5 492937 4294082 9.87617 


6 493223.3 4295278 9.62376 


7 493244.8 4294928 9.06611 


8 492923.3 4294239 7.92674 


9 492641.5 4294447 7.80292 


10 493052 4295158 7.2944 


11 493363.7 4294624 7.22902 


12 492937 4294395 6.82371 


13 493373.3 4295018 6.09171 


14 492977.6 4293931 5.53064 


15 492674.2 4295203 5.36873 


16 492623.3 4294239 5.32607 


17 492784.1 4294839 5.0461 


18 492695.7 4294649 4.45544 


19 492859.1 4295388 3.79188 


20 493073.3 4295538 3.73398 


 


 


Table 3.15: Maximum Annual SO2 Concentrations and their Coordinates in Normal Case Scenario  


  X Y Concentration (µg/m3) 


1 492937 4294082 2.36953 


2 493043.9 4294689 2.03294 


3 492923.3 4294239 1.62821 


4 493244.8 4294928 1.52384 


5 492977.6 4294546 1.49828 


6 493223.3 4295278 1.4455 


7 493133.9 4294817 1.35864 


8 492641.5 4294447 1.35052 


9 492937 4294395 1.3 


10 493363.7 4294624 1.21272 


11 492977.6 4293931 1.17742 


12 492904 4295010 1.14581 


13 492623.3 4294239 1.06279 


14 493373.3 4295018 1.00481 


15 492695.7 4294649 0.89585 
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  X Y Concentration (µg/m3) 


16 492784.1 4294839 0.79938 


17 493052 4295158 0.74896 


18 493073.3 4295538 0.60773 


19 492674.2 4295203 0.57676 


20 493437.6 4294698 0.56308 


 


Worst Case Scenario 


The emissions calculated for worst case scenario is given in Table 2.10. According the 


modeling results, daily maximum concentration is 29.28 µg/m³ and annual maximum concentration 


is 4.48 µg/m³ (see Table 3.16 and Table 3.17). In accordance to the regulation, the short term limit 


value is set as 400 µg/m³ (250 µg/m³ via gradual reduction), while the long term limit value is 150 


µg/m³. The modeling results do not exceed the limit values.  


 


In Regulation on Air Quality Assessment and Management and in European union 


Standards, the daily SO2 limit value is 125 µg/m³ and the annual limit value is 20 µg/m³. The 


modeling results do not exceed the limit values at any location.  


 


The daily SO2 limit value in IFC Standards is 20 µg/m³. A total of 1260 receptor were 


studied in the modeling performed for the worst case scenario. Since the limit value is exceeded in 


only 2 points, the impact is presumed as insignificant.  


 


Table 3.16: Maximum Daily SO2 Concentrations and their Coordinates in Worst Case Scenario 


  X Y Concentration (µg/m3) 


1 493043.9 4294689 29.28089 


2 492977.6 4294546 20.5319 


3 492904 4295010 19.52873 


4 493133.9 4294817 18.8775 


5 492937 4294082 18.67236 


6 493223.3 4295278 18.19896 


7 493244.8 4294928 17.21434 


8 492923.3 4294239 15.00565 


9 492641.5 4294447 14.75662 


10 493363.7 4294624 13.9629 


11 493052 4295158 13.79556 


12 492937 4294395 12.92278 


13 493373.3 4295018 11.72514 


14 492977.6 4293931 10.50775 


15 492674.2 4295203 10.32951 


16 492623.3 4294239 10.09136 


17 492784.1 4294839 9.58186 


18 492695.7 4294649 8.52413 


19 492859.1 4295388 7.23548 


20 493073.3 4295538 7.20586 


 


Table 3.17: Maximum Annual SO2 Concentrations and their Coordinates in Worst Case Scenario  
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  X Y Concentration (µg/m3) 


1 492937 4294082 4.48075 


2 493043.9 4294689 3.84739 


3 492923.3 4294239 3.08577 


4 493244.8 4294928 2.89019 


5 492977.6 4294546 2.84057 


6 493223.3 4295278 2.73542 


7 493133.9 4294817 2.57249 


8 492641.5 4294447 2.5563 


9 492937 4294395 2.46302 


10 493363.7 4294624 2.32736 


11 492977.6 4293931 2.23347 


12 492904 4295010 2.16735 


13 492623.3 4294239 2.01678 


14 493373.3 4295018 1.92051 


15 492695.7 4294649 1.70024 


16 492784.1 4294839 1.51492 


17 493052 4295158 1.41643 


18 493073.3 4295538 1.1637 


19 492674.2 4295203 1.10057 


20 493437.6 4294698 1.07677 


 


 


CH4 


The CH4 emissions and their concentrations as per the stacks are presented in Table 


2.11. The modeling studies for CH4 was performed for daily and annual periods. There is no 


national and international limit value set out for CH4. The results of modeling is given in Table 3.18 


and Table 3.19.  


 


Table 3.18: Maximum Daily CH4 Concentrations and their Coordinates 


  X Y Concentration (µg/m3) 


1 493437.6 4294698 11.64038 


2 493523.3 4294758 9.42437 


3 493363.7 4294624 8.2945 


4 493043.9 4293789 5.39552 


5 493373.3 4295018 4.88504 


6 492859.1 4295388 3.81556 


7 492674.2 4295203 3.7828 


8 493073.3 4295538 3.33805 


9 493303.7 4294539 2.76662 


10 492695.7 4294649 2.23785 


11 492346.1 4294499 2.22663 


12 492524.3 4294989 1.98136 


13 492784.1 4293639 1.91782 


14 493515.5 4295084 1.8886 


15 493412.9 4295366 1.85323 
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  X Y Concentration (µg/m3) 


16 492641.5 4294030 1.7744 


17 492623.3 4294239 1.75492 


18 496523 4291021 1.67743 


19 493618.1 4294802 1.52577 


20 492695.7 4293828 1.28922 


 


 


Table 3.19: Maximum Annual CH4 Concentrations and their Coordinates 


  X Y Concentration (µg/m3) 


1 493437.6 4294698 0.95087 


2 493363.7 4294624 0.9084 


3 493043.9 4293789 0.73717 


4 493523.3 4294758 0.61833 


5 493373.3 4295018 0.53671 


6 493073.3 4295538 0.38212 


7 492859.1 4295388 0.28528 


8 493412.9 4295366 0.28248 


9 492784.1 4293639 0.28003 


10 493303.7 4294539 0.27814 


11 492641.5 4294030 0.25342 


12 492346.1 4294499 0.25066 


13 493515.5 4295084 0.22698 


14 493618.1 4294802 0.19686 


15 492674.2 4295203 0.19083 


16 492695.7 4293828 0.18816 


17 493719.1 4294830 0.15535 


18 492695.7 4294649 0.15413 


19 493927.5 4294830 0.13893 


20 492524.3 4294989 0.13783 


 


 


Total Organic Carbon (TOC) 


Normal Case 


The total organic carbon flow rates and concentrations calculated for normal case are 


presented in Table 2.12. In accordance to the limit values stated in Table 2.2 in Appendix-2 of 


Regulation on Control of Air Pollution from Industrial Sources, the short term TOC limit value is 140 


µg/m³ (will be decreased to 70 µg/m³ via gradual reduction). As per the daily modeling results, the 


maximum concentration is calculated as 8.5 µg/m³ (see Table 3.20) and this value is lowered than 


the limit value. As for the results of the annual modeling, the maximum concentration is 1.31 µg/m³ 


(see Table 3.21). 


 


 


 


 


Table 3.20: Maximum Daily Average TOC Concentrations and their Coordinates in Normal Case Scenario 
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  X Y Concentration (µg/m3) 


1 493043.9 4294689 8.59635 


2 492977.6 4294546 6.03353 


3 492904 4295010 5.73492 


4 493133.9 4294817 5.54953 


5 492937 4294082 5.47804 


6 493223.3 4295278 5.33793 


7 493244.8 4294928 5.06006 


8 492923.3 4294239 4.39738 


9 492641.5 4294447 4.32959 


10 493363.7 4294624 4.10465 


11 493052 4295158 4.04582 


12 492937 4294395 3.78782 


13 493373.3 4295018 3.44772 


14 492977.6 4293931 3.0789 


15 492674.2 4295203 3.03691 


16 492623.3 4294239 2.95475 


17 492784.1 4294839 2.81229 


18 492695.7 4294649 2.4991 


19 492859.1 4295388 2.12121 


20 493073.3 4295538 2.11214 


 


Table 3.21: Maximum Annual Average TOC Concentrations and their Coordinates in Normal Case Scenario  


  X Y Concentration (µg/m3) 


1 492937 4294082 1.31406 


2 493043.9 4294689 1.12884 


3 492923.3 4294239 0.90542 


4 493244.8 4294928 0.84904 


5 492977.6 4294546 0.83439 


6 493223.3 4295278 0.802 


7 493133.9 4294817 0.7549 


8 492641.5 4294447 0.74996 


9 492937 4294395 0.72232 


10 493363.7 4294624 0.68347 


11 492977.6 4293931 0.65453 


12 492904 4295010 0.6359 


13 492623.3 4294239 0.59107 


14 493373.3 4295018 0.56284 


15 492695.7 4294649 0.49909 


16 492784.1 4294839 0.44462 


17 493052 4295158 0.41541 


18 493073.3 4295538 0.34022 


19 492674.2 4295203 0.32267 


20 493437.6 4294698 0.31485 


 


Worst Case Scenario  
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The total organic carbon flow rates and concentrations calculated for worst case are 


presented in Table 2.13. In accordance to the limit values stated in Table 2.2 in Appendix-2 of 


Regulation on Control of Air Pollution from Industrial Sources, the short term TOC limit value is 140 


µg/m³ (will be decreased to 70 µg/m³ via gradual reduction). As per the daily modeling results, the 


maximum concentration is calculated as 14.64 µg/m³ (see Table 3.22) and this value is lowered 


than the limit value. As for the results of the annual modeling, the maximum concentration is 2.24 


µg/m³ (see Table 3.23).  


 


Table 3.22: Maximum Daily Average TOC Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 493043.9 4294689 14.64046 


2 492977.6 4294546 10.26596 


3 492904 4295010 9.76437 


4 493133.9 4294817 9.43876 


5 492937 4294082 9.33619 


6 493223.3 4295278 9.09949 


7 493244.8 4294928 8.60718 


8 492923.3 4294239 7.50283 


9 492641.5 4294447 7.37832 


10 493363.7 4294624 6.98145 


11 493052 4295158 6.89778 


12 492937 4294395 6.4614 


13 493373.3 4295018 5.86257 


14 492977.6 4293931 5.25388 


15 492674.2 4295203 5.16476 


16 492623.3 4294239 5.04569 


17 492784.1 4294839 4.79093 


18 492695.7 4294649 4.26207 


19 492859.1 4295388 3.61774 


20 493073.3 4295538 3.60293 


 


 


Table 3.23: Maximum Annual Average TOC Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 492937 4294082 2.24037 


2 493043.9 4294689 1.92369 


3 492923.3 4294239 1.54289 


4 493244.8 4294928 1.4451 


5 492977.6 4294546 1.42029 


6 493223.3 4295278 1.36771 


7 493133.9 4294817 1.28625 


8 492641.5 4294447 1.27815 


9 492937 4294395 1.23151 


10 493363.7 4294624 1.16368 


11 492977.6 4293931 1.11673 


12 492904 4295010 1.08367 
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X Y Concentration (µg/m3) 


13 492623.3 4294239 1.00839 


14 493373.3 4295018 0.96025 


15 492695.7 4294649 0.85012 


16 492784.1 4294839 0.75746 


17 493052 4295158 0.70822 


18 493073.3 4295538 0.58185 


19 492674.2 4295203 0.55029 


20 493437.6 4294698 0.53838 


 


 


H2S 


The worst case flow rates and concentrations calculated for H2S is given in Table 2.14. 


Only worst case modeling was conducted. In accordance to the limit values stated in Table 2.2 in 


Appendix-2 of Regulation on Control of Air Pollution from Industrial Sources, the short term H2S 


limit value is 40 µg/m³ (will be decreased to 20 µg/m³ via gradual reduction). As per the daily 


modeling results, the maximum concentration is calculated as 1.95 µg/m³ (see Table 3.24) and the 


value is below the limit value. As for the results of the annual modeling, the maximum 


concentration is 0.29 µg/m³ (see Table 3.25).  


 


Table 3.24: Maximum Daily H2S Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 493043.9 4294689 1.95206 


2 492977.6 4294546 1.36879 


3 492904 4295010 1.30192 


4 493133.9 4294817 1.2585 


5 492937 4294082 1.24482 


6 493223.3 4295278 1.21326 


7 493244.8 4294928 1.14762 


8 492923.3 4294239 1.00038 


9 492641.5 4294447 0.98378 


10 493363.7 4294624 0.93086 


11 493052 4295158 0.9197 


12 492937 4294395 0.86152 


13 493373.3 4295018 0.78168 


14 492977.6 4293931 0.70052 


15 492674.2 4295203 0.68863 


16 492623.3 4294239 0.67276 


17 492784.1 4294839 0.63879 


18 492695.7 4294649 0.56828 


19 492859.1 4295388 0.48237 


20 493073.3 4295538 0.48039 
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Table 3.25: Maximum Annual H2S Concentrations and their Coordinates in Worst Case Scenario 


X Y Concentration (µg/m3) 


1 492937 4294082 0.29872 


2 493043.9 4294689 0.25649 


3 492923.3 4294239 0.20572 


4 493244.8 4294928 0.19268 


5 492977.6 4294546 0.18937 


6 493223.3 4295278 0.18236 


7 493133.9 4294817 0.1715 


8 492641.5 4294447 0.17042 


9 492937 4294395 0.1642 


10 493363.7 4294624 0.15516 


11 492977.6 4293931 0.1489 


12 492904 4295010 0.14449 


13 492623.3 4294239 0.13445 


14 493373.3 4295018 0.12803 


15 492695.7 4294649 0.11335 


16 492784.1 4294839 0.10099 


17 493052 4295158 0.09443 


18 493073.3 4295538 0.07758 


19 492674.2 4295203 0.07337 


20 493437.6 4294698 0.07178 


 


 


3.5 Cumulative Effects 


While cumulative effects are determined, test report prepared by Dokuz Eylül University 


on May 2010 for Petkim Petrochemical Inc. was used. Measurements done via passive diffusion 


method and concentrations found as a result of modeling at same points was summed and 


concentrations resulting from cumulative effect were found. During calculation, highest weekly 


measurement result taken as short term value (STV). Long term values (LTV) are the average of 


measurement result of measurement results of 8 week. For PM concentrations, highest 


measurement result was considered.  


 


SO2 


Normal Case 


Contribution from modeling for normal case are given in Table 3.26. Short term limit value 


is 400 µg/m3 (it will decrease gradually to 250 µg/m3 ) and long term limit value is 150 µg/m3 in 


Regulation on Control of Air Pollution from Industrial Sources. Cumulative concentrations are below 


the regulatory limits at these points.  
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Table 3.26: Cumulative SO2 Concentrations for Normal Case at Measurement Points  


Sampling 
Point 


X Y 


STV (µg/m3) LTV (µg/m3) 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Point 1 495835 4292825 67 - 67 42 - 42 


Point 2 496671 4288967 104 - 104 48 - 48 


Point 3 497848 4293176 92 - 92 39 - 39 


Point 4 497632 4295265 63 - 63 40 - 40 


Point 5 491994 4295767 76 - 76 38 - 38 


Point 6 495000 4293035 61 0.026 61.026 35 0.004 35.004 


Point 7 494721 4293907 114 0.026 114.026 47 0.004 47.004 


Point 8 493632 4293927 104 0.68 104.68 54 0.1 54.1 


Point 9 493957 4292547 110 - - 51 0.004 51.004 


Point 10 494646 4293125 126 0.026 126.026 62 0.1 62.1 


Point 11 494163 4293558 127 0.026 127.026 60 0.1 60.1 


Point 12 493255 4289612 94 - 94 46 - 46 


 


 


Worst Case 


Contribution from modeling for worst case are given in Table 3.27. Short term limit value 


is 400 µg/m3 (it will decrease gradually to 250 µg/m3) and long term limit value is 150 µg/m3 in 


Regulation on Control of Air Pollution from Industrial Sources. Cumulative concentrations are below 


the regulatory limits at these points.  


 


Table 3.27: Cumulative SO2 Concentrations for Worst Case at Measurement Points 


Sampling 
Point 


X Y 


STV (µg/m3) LTV (µg/m3) 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Point 1 495835 4292825 67 - 67 42 - 42 


Point 2 496671 4288967 104 - 104 48 - 48 


Point 3 497848 4293176 92 - 92 39 - 39 


Point 4 497632 4295265 63 - 63 40 - 40 


Point 5 491994 4295767 76 - 76 38 - 38 


Point 6 495000 4293035 61 0.049 61.049 35 0.0075 35.008 


Point 7 494721 4293907 114 0.049 114.049 47 0.0075 35.008 


Point 8 493632 4293927 104 1.29 105.29 54 0.18 54.18 


Point 9 493957 4292547 110 - 110 51 0.0075 51.008 


Point 10 494646 4293125 126 0.049 126.049 62 0.18 62.18 


Point 11 494163 4293558 127 0.049 127.049 60 0.18 60.18 


Point 12 493255 4289612 94 - 94 46 - 46 
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NO2 


Normal Case 


Contribution from modeling for normal case are given in Table 3.28. Short term limit value 


is 300 µg/m3 and long term limit value is 60 µg/m3 in Regulation on Control of Air Pollution from 


Industrial Sources Appendix-2. Cumulative concentrations are below the regulatory limits at these 


points.  


 


Table 3.28: Cumulative NO2 Concentrations for Normal Case at Measurement Points 


Sampling 
Point 


X Y 


STV (µg/m3) LTV (µg/m3) 


Measure
ment 


Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Measure
ment 


Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Point 1 495835 4292825 18 - 18 11 - 11 


Point 2 496671 4288967 17 - 17 12 - 12 


Point 3 497848 4293176 12 - 12 8 - 8 


Point 4 497632 4295265 14 - 14 10 - 10 


Point 5 491994 4295767 10 - 10 4 - 4 


Point 6 495000 4293035 19 0.075 19.075 13 0.012 13.012 


Point 7 494721 4293907 28 0.075 28.075 14 0.012 11.012 


Point 8 493632 4293927 15 1.95 16.95 9 0.27 9.27 


Point 9 493957 4292547 27 - 27 17 0.012 17.012 


Point 10 494646 4293125 22 0.075 22.075 12 0.27 12.27 


Point 11 494163 4293558 16 0.075 16.075 11 0.27 11.27 


Point 12 493255 4289612 28 - 28 19 - 19 


 


Worst Case 


Contribution from modeling for normal case are given in Table 3.29. Short term limit value 


is 300 µg/m3 and long term limit value is 60 µg/m3 in Regulation on Control of Air Pollution from 


Industrial Sources Appendix-2. Cumulative concentrations are below the regulatory limits at these 


points.  


 


Table 3.29: Cumulative NO2 Concentrations for Worst Case at Measurement Points 


Sampling 
Point 


X Y 


STV (µg/m3) LTV (µg/m3) 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Point 1 495835 4292825 18 - 18 11 - 11 


Point 2 496671 4288967 17 - 17 12 - 12 


Point 3 497848 4293176 12 - 12 8 - 8 


Point 4 497632 4295265 14 - 14 10 - 10 


Point 5 491994 4295767 10 - 10 4 - 4 


Point 6 495000 4293035 19 1.25 20.25 13 0.19 13.19 


Point 7 494721 4293907 28 1.25 29.25 14 0.19 14.19 
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Sampling 
Point 


X Y 


STV (µg/m3) LTV (µg/m3) 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Measurement 
Result 


Contribution 
values from 


Modeling  


Cumulative 
Concentration 


Point 8 493632 4293927 15 3.26 18.26 9 0.45 9.45 


Point 9 493957 4292547 27 - 27 17 0.19 17.19 


Point 10 494646 4293125 22 1.25 22.25 12 0.45 12.45 


Point 11 494163 4293558 16 1.25 17.25 11 0.45 11.45 


Point 12 493255 4289612 28 - 28 19 - 19 


 


 


PM 


There is no long term measurement for PM. Therefore, short term results and daily 


modeling results were used for the calculation of cumulative concentrations. According to this, 


short term cumulative concentration was determined as 89.03 µg/m3 (see. Table). Short term limit 


value is 300 µg/m3 (it will decrease gradually to 100 µg/m3) in Regulation on Control of Air Pollution 


from Industrial Sources Appendix-2. Cumulative concentrations are under the regulatory limit.  


 


Table 3.30: Cumulative Concentration of PM 


  X Y 
Highest 


Measurement 
(µg/m3) 


Contribution 
values from 


Modeling 
(µg/m3) 


Cumulative 
Concentration 


(µg/m3) 


PM 494273 4292400 89 0.008 89.008 


 


 


3.6 VOC Emissions 


3.6.1 VOC Emissions for Refinery and Modeling Results  


Tanks 


Volatile organic compound emissions expected to arise from crude oil, product and 


intermediate tank storages are given in Table 3.31. USEPA TANKS 4.0 software was used to 


calculate VOC emissions originated from storage tanks as indicated in Regulation on Control of Air 


Pollution from Industrial Sources Appendix 12. This software calculates emission amounts 


originated from tanks in which organic liquids are stored. Model uses the emission factors and 


formulas in “Compilation of Air Pollutant Emission Factor, Volume I: Stationary Point and Area 


Sources (AP42), Section 7.1. Organic Storage Tanks” in the webpage of USEPA while making 


calculations.  
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Table 3.31: Emission Amounts Expected to Originate from Crude Oil, Product and Intermediate Product Tanks 


Type of the Tank 
Product or 
Crude Oil 


stored 
Unit 


Annual VOC amount per 
vessel expected to occur 


during the operation 
process (lb/year) 


Hourly VOC 
amount per 


vessel expected 
to occur during 
the operation 


process (kg/hour) 


Total VOC 
amount 


expected to 
occur during 
the operation 


process 
(kg/hour) 


Fixed roof +internal 
floating roof tank 


Naphtha 3 1864.48 0.10 0.3 


Fixed roof +internal 
floating roof tank 


Diesel 4 4017.93 0.217 0.868 


Fixed roof +internal 
floating roof tank 


Jet fuel 2 1395.26 0.075 0.15 


Fixed roof +internal 
floating roof tank 


Mixed Xylene 2 206.92 0.011 0.022 


Floating roof Crude oil 7 3175.72 0.17 1.19 


Total     2.53 


 


 


VOC emission which shall occur for 8 LPG tanks in the facility is calculated as below by 


using safety valve factor given in Table 3.32. 


 


8 tanks × 0.104 kg/hour. resource = 0.832 kg/hour 


 


Table 3.32: Leakage emission factors for equipments in LPG filling and storage facilities* 


Type of 
equipment 


Emission factor (kg/hour. resource) 


Valve 0.0056 


Safety valve 0.104 


.Entry-exit route 0.0017 


Flange 0.00083 


  *Source: Regulation on Control of Air Pollution from Industrial Sources Appendix-12 


 


 


Equipments 


Besides VOC emissions originated from storage tanks, VOC emission originated from 


equipments are expected to occur. Emission factors given in Regulation on Control of Air Pollution 


from Industrial Sources Appendix 12 are used to calculate VOC emission originated from 


equipment. Emission factors originated from equipment, equipments in the facility and VOC 


emission from equipment are given in Table 3.33, Table 3.34and Table 3.35respectively. 


 


Table 3.33: Equipment Emission Factors* 


Type of equipment Flow Emission factor (kg/hour. resource) 


Valve 


Gas 0.0268 


Light liquid 0.0109 


Heavy liquid 0.00023 


Pump leakages 
Light liquid 0.114 


Heavy liquid 0.021 
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Type of equipment Flow Emission factor (kg/hour. resource) 


Compressor leakages Gas 0.636 


Pressure relief valve Gas 0.16 


Flange All 0.00025 


Inlet and Outlet Route All 0.0023 


Sampling points All 0.015 


*Source: Regulation on Control of Air Pollution from Industrial Sources Appendix-12 


 


 


Table 3.34: Approximate number of equipments located in the facility 


Equipment Unit 


Pump seal 150 


Valve (gas) 175 


Valve (light liquid) 1400 


Valve (heavy liquid) 5425 


Flange 28,000 


 


 


Table 3.35: VOC Emission Emitted From Equipment  


Equipment Unit Emission factor 
Emission 
(kg/hour) 


Pump seal 150 0.021 3.15 


Valve (gas) 175 0.0268 4.69 


Valve (light liquid) 1400 0.0109 15.26 


Valve (heavy liquid) 5425 0.00023 1.24 


Flange 28,000 0.00025 7 


Total   31.34 


 


 


Total VOC emissions originated from tanks and equipments are predicted as 34.702 


kg/hour (31.34 kg/hour + 0.832 kg/hour + 2.53 kg/hour).  


 


However, VOC emissions which shall be originated from tanks, junctions, valves and 


flanges can be significantly decreased via the measures such as using diaphragm valves, 


controlling units constantly and preventing leakages by intervening immediately. Related emission 


control techniques and operation factors are given in the Table 3.36. 


 


Table 3.36: VOC Emission Control Techniques  


Source of emission Control technique 
Control 


efficiency (%) 


Pumps 


Monthly leakage control and 
maintenance 50-60 


Pumps without gasket 90-100 


Double mechanic gaskets 90-100 


Closed vent systems 90-100 


Valves 
Monthly leakage control and 


maintenance 50-75 
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Source of emission Control technique 
Control 


efficiency (%) 


Gas/Light liquids Diaphragm valves 90-100 


Pressure control valve 
Break-through disc 90-100 


Closed vent systems 90-100 


Open ended routes Taps, covers 90-100 


* Source: Rae et al. 2005., Monitoring of Hydrocarbon Emissions in a Petroleum 


Refinery. Environmental Monitoring and Assessment (108), Springer. 


 


 


Considering the amelioration factors above, when ameliorations needed are done, total 


emission rates which shall emerge are calculated as below (see Table 3.37 and Table 3.38). 


 


Table 3.37: Total Uncontrolled VOC Emissions 


Emission Source Number Total Emission (kg/hour) 


LPG Tanks 8 0.832 


Crude oil / product tanks 18 2.53 


Pumps 150 3.15 


Valves 7,000 21.19 


Flanges 28,000 7 


Total  34.7 


 


 


Table 3.38: Total Ameliorated VOC Emissions 


Emission source Number 
Total emission 


(kg/hour) 
Amelioration 


rate (%) 
Ameliorated total 


emission (kg/hour) 


LPG Tanks 8 0.832 -- 0.832 


Crude Oil /Product 
Tanks 


18 2.53 -- 
2.53 


Pumps 150 3.15 95 0.1575 


Valves 7,000 21.19 95 1.0595 


Flanges 28,000 7 70 2.1 


Total    6.679 


 


 


Wastewater 


Wastewater treatment facility shall be available in the facility. According to the 


EMEP/EAA emission factors, wastewater does not cause any NOx, SOx or CO emission but 


causes a trace of non-methane volatile organic compound (NMVOC). According to emission 


factors, 1 m3 waste water oscillates 15 mg NMVOC. The capacity of waste water treatment facility 


planned in the refinery shall be 1101 m3/hour at maximum. According to this,  


 


NMVOC emission = 15 mg/m3 × 1101 m3/hour = 16515 mg/hour = 0.016515 kg/hour 


 


VOC emission originated from waste water is very low when compared to total emission 


from the facility. Therefore, VOC emissions originated from waste water are accepted as negligible 


and not included in modeling studies. 
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3.6.2 Modeling Results 


Total VOC emission value in uncontrolled situation is calculated as 34.7 kg/hour and 


ameliorated total VOC emission is found as 6.79 kg/hour. The results of modeling are given in 


Table 3.39- 


 


Table 3.42. There is neither national nor international limit value for VOC emissions. 


Distribution maps constructed as a result of modeling are given in Appendix-1. 


 


Table 3.39: Highest Daily Uncontrolled VOC Concentrations and Their Coordinates 


  X Y Concentration (µg/m3) 


1 493144.4 4294245 428.7965 


2 492705.2 4293645 391.1325 


3 493640.2 4294836 337.7597 


4 493231.4 4295655 124.8692 


5 493153.5 4294349 109.6617 


6 492973.1 4293326 108.3869 


7 493588.1 4295131 106.4912 


8 492267.2 4294506 105.36 


9 492825.2 4293474 104.4833 


10 492780.2 4293096 99.49782 


11 493055 4293667 98.22343 


12 493144.4 4293206 98.16254 


13 493536 4295427 97.15239 


14 492994.4 4292946 96.05915 


15 493128.8 4292554 94.99693 


16 493294.4 4293466 94.65247 


17 493165.9 4293556 94.00201 


18 492587.4 4292866 93.17455 


19 493224.8 4293945 92.15573 


20 493231.4 4292836 91.93513 


 


 


Table 3.40: Highest Annual Uncontrolled VOC concentrations and coordinates 


  X Y Concentration (µg/m3) 


1 493640.2 4294836 69.43913 


2 493144.4 4294245 61.3078 


3 492705.2 4293645 50.40673 


4 493224.8 4293945 40.98725 


5 493551.6 4294475 37.88391 


6 493153.5 4294349 35.74456 


7 493514.6 4294438 35.44023 


8 493594.4 4294505 33.74251 


9 493484.6 4294395 33.042 


10 492973.1 4293326 32.97378 


11 493055 4293667 32.4676 
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  X Y Concentration (µg/m3) 


12 493462.5 4294348 31.8482 


13 493449 4294297 31.31404 


14 493444.4 4294245 30.93054 


15 493449 4294193 30.79298 


16 492825.2 4293474 30.76915 


17 493462.5 4294143 30.67242 


18 493641.8 4294527 30.60862 


19 493165.9 4293556 30.56347 


20 493358.7 4293786 30.56315 


 


 


Table 3.41: Highest Daily Controlled VOC Concentrations and Their Coordinates  


  X Y Concentration (µg/m3) 


1 492957.8 4293764 76.24553 


2 493429.4 4295060 35.67771 


3 493437.2 4294734 33.15274 


4 492537.2 4294214 26.03935 


5 493532 4294778 18.88774 


6 493137.2 4293175 18.39006 


7 492773 4293065 18.33797 


8 492965.8 4293295 18.33388 


9 493158.7 4293525 18.26277 


10 493287.2 4293435 17.98692 


11 492987.2 4292915 17.95288 


12 493528.8 4295396 17.85087 


13 493737.2 4295714 17.48197 


14 493121.6 4292523 17.35785 


15 493737.2 4296014 17.28977 


16 493351.5 4293755 17.22493 


17 493476.7 4295692 17.21498 


18 492580.2 4292835 17.20592 


19 493146.3 4294110 17.12127 


20 493737.2 4295414 17.01773 


 


 


Table 3.42: Maximum Annual Controlled VOC Concentrations and Their Coordinates  


  X Y Concentration (µg/m3) 


1 492957.8 4293764 11.43696 


2 493437.2 4294734 9.26926 


3 493429.4 4295060 7.11182 


4 493146.3 4294110 6.70844 


5 493532 4294778 6.44165 


6 493173.4 4294009 6.25472 


7 493477.4 4294364 6.0176 







  STAR Refinery 


STAR RAFİNERİ Inc. Air Quality Modelling Report 


 


68 


  X Y Concentration (µg/m3) 


8 493507.4 4294407 6.00587 


9 493455.3 4294317 5.99661 


10 493441.8 4294266 5.95407 


11 493544.4 4294444 5.94934 


12 493437.2 4294214 5.90948 


13 493441.8 4294162 5.8596 


14 493217.6 4294514 5.85942 


15 493455.3 4294112 5.82405 


16 493587.2 4294474 5.79967 


17 493477.4 4294064 5.78315 


18 493507.4 4294022 5.70903 


19 493351.5 4293755 5.68097 


20 493158.7 4293525 5.66275 


 


 


3.7 State of Emissions Originated from Facility in Regulations 


3.7.1 Obligations According to Regulation Appendix 1 


‘’Rules and Limits for Facilities subject to Emission Allowance’’ is given in Regulation 


Appendix 1. If there is no other limitation for emission in Appendix 5 for a facility subject to 


allowance according to Appendix 8 List A and B, complying rules indicated in Appendix 4 is 


obligatory. Evaluation of facility according to Appendix 1 is given in the part of ‘’Evaluation of 


Modeling Results’’. 


 


3.7.2 Obligations According to Appendix-2 of the Regulation 


Regularizations related to ‘’Calculation of Contribution Values of Facilities to Air Pollution 


and Measurement of Air Quality’’ are given in Regulation Appendix 2. In case of that emissions 


originated from facility exceed flow rates given in Table 2.1 in this appendix, calculation of 


contribution values to air pollution and measurement of air quality are needed to be done. These 


limit values for emission parameters originated from facility are given below: 


 


 Pollutant    Limit values for measurement of air quality 


Dust 10 kg/hour 


Sulphur dioxide 60 kg/hour 


Nitrogen oxide ( in terms of NO2) 40 kg/hour 


Carbon monoxide  500 kg/hour 
Evaluation of facility according to Appendix 2 is given in the part of ‘’Evaluation of Model 


Results’’ 


 


3.7.3 Obligations according to Regulation Appendix 3 


Arrangements related to emission determination are in the Regulation Appendix 3. 


Continuous measurement of these emissions is imposed as an obligation in facilities exceeding a 


specific thermal capacity and in stacks emitting pollutant to the atmosphere in an amount 
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exceeding certain level of flow rate. 


 


3.7.4 Obligations according to Regulation Appendix 5 


Special emission limits for facilities with high pollutant property are specified in Regulation 


Appendix 5. Emissions of facilities with high pollutant composition in terms of air pollution cannot 


exceed the limits provided in this part.  


 


Emission limits for facilities with high pollutant composition given below are primarily 


implemented with respect to emission limits given in other parts of the Regulation. 


 


A) First Group Facilities: Burning Facilities 


 


In this part of the Regulation, the burning facilities were separated firstly with respect to 


combustible types and limit values for emission are established regarding to combustible type and 


facility size. In refinery facilities, only gas fuel (natural gas and refinery gas fuel) shall be used. Limit 


values of emission for burning facilities with gas fuel being given in Regulation Table 5.2 and Table 


5.3, these are summarized below: Stack emissions are given in Table 3.44. Stack gas emissions 


are under the limits. Worst case scenario for CO and PM is calculated by using limit values. 


 


   Table 3.43: Emission limit values for gas fuelled facilities (mg/Nm3). 


Emission 
Gas Fuelled Facilities 


      Q < 100 MW Q >100 MW 


Carbon monoxide, (CO) 100 100 


Sulphur oxides (in terms ofSO2) 100 60 


Nitrogen oxides(in terms of N02) 800 500 


Dust 10 10 


* Volumetric oxygen amount in stack gases is taken as 3% 
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Table 3.44: Stack Gas Emissions of Refinery and Limit Values  


Unit Name Stack No 
Thermal 


Power (MW) 


CO Limit 
Value 


(mg/Nm3)** 


CO 
Concentration 


(mg/Nm3) 


PM Limit 
Value 


(mg/Nm3)** 


PM 
Concentration 


(mg/Nm3) 


SO2 Limit 
Value 


(mg/Nm3)** 


SO2 


Concentration 


(mg/Nm3) 


NO2 Limit 
Value 


(mg/Nm3)** 


NO2 
Concentration 


(mg/Nm3) 


Hydrocracker (HCU) 1 110,72 100 100 10 10 60 30.48 500 145.47 


Delayed Coker (DCU) 1 2 29,37 100 100 10 10 100 30.48 800 145.47 


Delayed Coker (DCU) 2 3 29,37 100 100 10 10 100 30.48 800 145.47 


Hydrogen Generation 
(HGU) 


4 73,27 100 100 10 10 100 30.48 800 145.47 


Diesel Hydrotreater (DHT) 5 16,63 100 100 10 10 100 30.48 800 145.47 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 158,17 100 100 10 10 60 30.48 500 145.47 


Kerosene 
Hydrotreater(KHT)1 


7 5,70 100 100 10 10 100 30.48 800 145.47 


Kerosene 
Hydrotreater(KHT) 2 


8 4,42 100 100 10 10 100 30.48 800 145.47 


Natural Gas (NGU) 9 1,16 100 100 10 10 100 30.48 800 145.47 


Boiler 10 100 100 10 10 30.48 145.47 


Reformer (CCR) 11 145,84 100 100 10 10 60 30.48 500 145.47 


Sulfur Recovery 12 100 100 10 10 30.48 145.47 


Naphtha Hydrotreater 
(NHT)1 


13 4,77 100 100 10 10 100 30.48 800 145.47 


Naphtha Hydrotreater 
(NHT)2 


14 8,14 100 100 10 10 100 30.48 800 145.47 


Naphtha Hydrotreater 
(NHT)3 


15 9,30 100 100 10 10 100 30.48 800 145.47 


* Volumetric oxygen amount in stack gases is taken as 3% 


** The limit values given in Table 5.2 and 5.3 of Appendix 5 in Regulation on Control of Air Pollution from Industrial Sources  


 


 







  STAR Refinery 


STAR RAFİNERİ Inc. Air Quality Modelling Report 


 


71 


3.8 Evaluation of Modeling Results  


If ‘’Facilities subject to permission’’ according to Regulation on Control of Air Pollution from 


Industrial Sources is in Appendix 5, then they must primarily comply the arrangements in Appendix 


5. Evaluation of emissions obtained as a result of modeling with respect to Appendix 5 and 


Appendix 1 is given separately below: 


 


3.8.1 Evaluation with respect to Appendix 5 of Regulation  


Emission limit values for facilities with high pollutant composition are given in Regulation 


Appendix 5. Emissions of facilities with high pollutant composition in terms of air pollution cannot 


exceed the limits given in this part and implemented primarily with respect to emission limits given 


in other parts of the Regulation. 


 


Stacks in facility are gas fueled heater stacks and they comply emission limit 


values given regarding to combustible type and capacities. 


 


There are many tanks with different capacities where raw materials, products and 


intermediate products are stored in the refinery facility which shall be established in the context of 


the Project. In facility, most recent technologies and techniques used worldwide in this sector in 


terms of environmental and safety measurements shall be implemented. Therefore, arrangements 


imposed by ‘’Twelfth group facilities, oil refineries and storage facilities’’ in Regulation shall be 


complied. 


 


3.8.2 Evaluation with respect to Appendix 1 of Regulation  


If there is no limit imposed by Appendix 5 for a facility subject to permission listed in 


Appendix 8, List A and B, then complying the emission limits given in Appendix 1 and rules in 


Appendix 4 is obligatory. Accordingly, rules in Appendix 1 and evaluation of facility in terms of 


these are given below: 


 


In facilities: 


Gas and vapor emissions: 


Regarding to production process of the facility, these emissions shall be measured when 


facility is working with maximum capacity concerning the formation of these emissions and period 


of discharge to the atmosphere. 


 


In case of that limitation of total emissions is deemed as necessary, competent authority 


can decrease limits of flow rate and concentration for gas and vapor emissions given below by the 


ratio of 1/3 in facilities established in residential area and existing facilities dependent on 


meteorological, topographical situation and existing pollution burden of the region. 


 


If there are flows of waste emitted from many stacks in the same facility, then emissions 


(kg/hour) from the same classification are evaluated by adding. If stacks are outside of the each 


other’s sphere of influence, then each stack is evaluated individually. Sphere of influence is defined 


in the first paragraph of Clause (b) of Regulation on Control of Air Pollution from Industrial Sources 


Appendix 2.  
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Organic Vapor and Gas Emissions 


Total emissions of organic compounds in waste gases in the form of vapor and gas 


classified in Table 1.2 as I, II and III cannot exceed the values below even if there is more than one 


compound from a same class. 


 


Organic compounds in Class I (0.1 kg/hour  for emission flows 20 mg/Nm3 and above) 


Organic compounds in Class II (3 kg/hour  for emission flows 150 mg/Nm3 and above) 


Organic compounds in Class III (6 kg/hour  for emission flows 300 mg/Nm3 and above) 


 


Organic gas and vapor emissions in all of the stacks in the facility shall be under the limits 


given above. 


 


3.8.3 Evaluation with respect to Appendix 2 of Regulation  


Regularizations related to Calculation of Contribution Values of Facilities to Air Pollution 


and Measurement of Air Quality are given in Appendix 2 of Regulation. In case of that emissions 


originated from facility exceed flow rate given in Table 2.1 in this appendix, calculation of 


contribution values to air pollution and measurement of air quality are needed to be done. These 


limit values for emission parameters originated from facility are given below: Total emission 


emerged from refinery should not exceed these limits.  


Pollutant Limit Value for Measurement of Air Quality 


Dust 10 kg/hour 


Sulphur dioxide 60 kg/hour 


Nitrogen oxides (in terms of NO2) 40 kg/hour 


Carbon monoxide 500 kg/hour 
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Table 3.45: Stack Emissions in Refinery and Limit Values given in Regulation on Control of Air Pollution from Industrial Sources  


Unit Name Stack No 
Thermal 


Power (MW) 


CO Limit Value 


(kg/hour)** 


CO Flow 
Rate 


(kg/hour) 


PM Limit 


Value 


(kg/hour)** 


PM Flow 
Rate 


(kg/hour) 


SO2 Limit Value 


(kg/hour)** 


SO2 Flow 
Rate 


(kg/hour) 


NO2 Limit Value 


(kg/hour)** 


NO2 Flow 
Rate 


(kg/hour ) 


Hydrocracker (HCU) 1 110.72 100.00 17.11 10.00 1.711 60 5.21 40 24.89 


Delayed Coker (DCU) 1 2 29.37 100.00 4.54 10.00 0.454 60 1.38 40 6.60 


Delayed Coker (DCU) 2 3 29.37 100.00 4.54 10.00 0.454 60 1.38 40 6.60 


Hydrogen Generation (HGU) 4 73.27 100.00 11.32 10.00 1.132 60 3.45 40 16.47 


Diesel Hydrotreater (DHT) 5 16.63 100.00 2.57 10.00 0.257 60 0.78 40 3.74 


Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


6 158.17 100.00 24.44 10.00 2.444 60 7.45 40 35.55 


Kerosene Hydrotreater(KHT)1 7 5.70 100.00 0.88 10.00 0.088 60 0.27 40 1.28 


Kerosene Hydrotreater(KHT) 2 8 4.42 100.00 0.68 10.00 0.068 60 0.21 40 0.99 


Natural Gas (NGU) 9 1.16 100.00 0.18 10.00 0.018 60 0.05 40 0.26 


Boiler 10 100.00 10.43 10.00 1.043 60 3.18 40 15.17 


Reformer (CCR) 11 145.84 100.00 22.53 10.00 2.253 60 6.87 40 32.78 


Sulfur Recovery 12 100.00 1.63 10.00 0.163 60 0.50 40 2.38 


Naphtha Hydrotreater (NHT)1 13 4.77 100.00 0.74 10.00 0.074 60 0.22 40 1.07 


Naphtha Hydrotreater (NHT)2 14 8.14 100.00 1.26 10.00 0.126 60 0.38 40 1.83 


Naphtha Hydrotreater (NHT)3 15 9.30 100.00 1.44 10.00 0.144 60 0.44 40 2.09 


TOTAL 596.87 104.28 10.43 31.78 151.70 


* Volumetric oxygen amount in stack gases is taken as 3% 


** The limit values given in Table 2.1 in Regulation on Control of Air Pollution from Industrial Sources Appendix 2  
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From the calculated emissions, total NO2 emissions exceed the limit value of 40kg/hour 


given in Regulation. In case total emission of a pollutant exceeds the limit value specified in the 


regulation, air quality modeling for the pollutant shall be done as stated in the regulation. As a 


result of air quality modeling, ground level concentrations are determined. These ground level 


concentrations are compared with limit ground level concentrations given in Appendix 2 of the 


regulation and final evaluation are done accordingly. Evaluation of the modeling results according 


to Appendix-2 are given in “Modeling Results” section. In worst case scenario, CO and PM 


emissions are above the limit value given in Regulation and air quality modeling was done to 


determine the ground level concentration. Apart from that parameters which do not exceed the limit 


value or parameters for which there is no limit value available have also been added to the 


modeling. 


 


3.8.4 Evaluation according to Appendix 3 of  Regulation on Control of Air Pollution from 


Industrial Sources  


Regularizations related to emission determination are given in Regulation Appendix 3. 


Continuous measurement of these emissions is imposed as an obligation in facilities exceeding a 


specific thermal capacity and in stacks releasing pollutant to the atmosphere in an amount 


exceeding certain level of flow rate. 


 


When facility starts to operate, measurements defined in the Regulation shall be done. 


 


3.8.5 Evaluation according to Appendix 4 of Regulation on Control of Air Pollution from 


Industrial Sources  


Amendments have been done in Appendix 4 of Regulation on Control of Air Pollution 


from Industrial Sources related to stacks. Rate of stack gas outlet should be 4 m/s minimum for 


facilities where forced draught can be implemented and burning facilities above 500 kW. Stacks 


and rates of stack gas are given in Table 3.46 


 


Table 3.46: Physical Characteristics of the Refinery Stacks  


Name of Unit 
Stack 


No 


Stack 
Height  


(m) 


Thermal 
Power 
(MW) 


Stack 
Diameter 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Outlet 
Temperature 
of Stack Gas 


(oC) 


Flow Rate 
of Stack 


Gas 
(Nm3/hour) 


Hydrocracker (HCU) 1 95.00 110.72 3.50 4.94 170.00 171065.81 


Delayed Coker (DCU) 1 2 75.00 29.37 2.00 4.01 170.00 45371.97 


Delayed Coker (DCU) 2 3 75.00 29.37 2.00 4.01 170.00 45371.97 


Hydrogen Generation 
(HGU) 


4 95.00 73.27 3.00 4.45 170.00 113205.32 


Diesel Hydrotreater 
(DHT) 


5 75.00 16.63 1.40 4.64 170.00 25695.81 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 95.00 158.17 4.00 5.41 170.00 244379.73 


Kerosene 
Hydrotreater(KHT)1 


7 75.00 5.70 0.80 4.87 170.00 8804.86 


Kerosene 
Hydrotreater(KHT) 2 


8 75.00 4.42 0.70 4.93 170.00 6828.26 
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Name of Unit 
Stack 


No 


Stack 
Height  


(m) 


Thermal 
Power 
(MW) 


Stack 
Diameter 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Outlet 
Temperature 
of Stack Gas 


(oC) 


Flow Rate 
of Stack 


Gas 
(Nm3/hour) 


Natural Gas (NGU) 9 75.00 1.16 0.38 3.97 170.00 1796.91 


Boiler 10 95.00  3.00 4.10 170.00 104280.00 


Reformer (CCR) 11 95.00 145.84 4.00 4.98 170.00 225332.49 


Sulfur Recovery 12 75.00  1.20 4.02 170.00 16345.89 


Naphtha Hydrotreater 
(NHT)1 


13 75.00 4.77 0.80 4.07 170.00 7367.33 


Naphtha Hydrotreater 
(NHT)2 


14 75.00 8.14 1.00 4.45 170.00 12578.37 


Naphtha Hydrotreater 
(NHT)3 


15 75.00 9.30 1.00 5.09 170.00 14375.28 


TOTAL  1042800 


 


 


3.8.6 Evaluation according to Appendix 1B of Regulation on Air Quality Assessment and 


Management 


Evaluation according to Regulation on Air Quality Assessment and Management 


Appendix 1B is given in ‘Modeling Results’ parts specific to each parameter.  


 


3.8.7 Evaluation According to IFC Criteria  


Stack emissions were evaluated according to IFC Environmental, Health, and Safety 


Guidelines for Petroleum Refining published in 2007. As a result of this evaluation, it is found that 


there is no pollutant exceeds the limit values. (see Table 3.47) 


 


Apart from this, ground level concentrations found via modeling given in “Results of 


Modeling” are evaluated according to IFC Environmental, Health and Safety Guidelines, 1.1 Air 


Emissions and Ambient Air Quality published in year 2007.  
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Table 3.47: Stack Gas Emissions and Limit Values given in IFC Criteria  


Name of Unit 
NOx Limit Value 


(mg/Nm3) 


NO2 
Concentration 


(mg/Nm3) 


SOx Limit Value 
(mg/Nm3) 


SO2 
Concentration 


(mg/Nm3) 


PM Limit Value 
(mg/Nm3) 


PM 
Concentration 


(mg/Nm3) 


H2S Limit Value 
(mg/Nm3) 


H2S 
Concentration 


(mg/Nm3) 


Hydrocracker (HCU) 450 145.47 500 30.48 50 10 10 3.84 


Delayed Coker (DCU) 1 450 145.47 500 30.48 50 10 10 3.84 


Delayed Coker (DCU) 2 450 145.47 500 30.48 50 10 10 3.84 


Hydrogen Generation (HGU) 450 145.47 500 30.48 50 10 10 3.84 


Diesel Hydrotreater (DHT) 450 145.47 500 30.48 50 10 10 3.84 


Crude Oil Distillation (CDU)+ 
Vacuum Distillation (VDU) 


450 145.47 500 30.48 50 10 10 3.84 


Kerosene Hydrotreater(KHT)1 450 145.47 500 30.48 50 10 10 3.84 


Kerosene Hydrotreater(KHT) 
2 


450 145.47 500 30.48 50 10 10 3.84 


Natural Gas (NGU) 450 145.47 500 30.48 50 10 10 3.84 


Boiler 450 145.47 500 30.48 50 10 10 3.84 


Reformer (CCR) 450 145.47 500 30.48 50 10 10 3.84 


Sulfur Recovery 450 145.47 150 30.48 50 10 10 3.84 


Naphtha Hydrotreater (NHT)1 450 145.47 500 30.48 50 10 10 3.84 


Naphtha Hydrotreater (NHT)2 450 145.47 500 30.48 50 10 10 3.84 


Naphtha Hydrotreater (NHT)3 450 145.47 500 30.48 50 10 10 3.84 
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3.8.8 Evaluation regarding Regulation on Control of Air Pollution from Industrial Sources, 


Regulation on Air Quality Assessment and Management and IFC Criteria 


Maximum ground level concentrations found as a result of modeling study and limit 


values of Turkish regulations and IFC criteria are given in Table 3.48. 


 


Table 3.48: Highest ground Level concentrations found via Modeling and Limit Values 


Parameter Period 


Highest 
Ground Level 
Concentration 


(µg/m3) 


Regulation on 
Control of Air 
Pollution from 


Industrial 
Sources (µg/m3.   
mg/m3for CO) 


Regulation 
on Air 
Quality 


Assessment 
and 


Management 
(µg/m3) 


IFC 
(µg/m3) 


European 
Union 


Standards 
(µg/m3) 


NO2 (Normal case) 
Daily 44.42 300 - - - 


Annual 6.79 60 40 40 40 


NO2 (Worst Case) 
Daily 74.03 300       


Annual 11.32 60 40 40 40 


CO (Worst Case) 
Daily 50.84 30 - - - 


Annual 7.7 10 - - - 


PM (Worst Case) 
Daily 5.08 300 50 50 50 


Annual 0.78 150 40 20 40 


CO2 (Normal Case) 
Daily 607430.3 - - - - 


Annual 49619.43 - - - - 


SO2 (Normal Case) 
Daily 15.46 400 125 20 125 


Annual 2.36 150 20 - 20 


SO2 (Worst Case) 
Daily 29.25 400 125 20 125 


Annual 4.48 150 20 - 20 


CH4 (Normal Case) 
Daily 11.64 - - - - 


Annual 0.95 - - - - 


TOK (Normal Case) 
Daily 8.59 140 - - - 


Annual 1.31 - - - - 


TOK (Worst Case) 
Daily 14.64 140 - - - 


Annual 2.24 - - - - 


H2S (Worst Case) 
Daily 1.95 40 - - - 


Annual 0.29 - - - - 


VOC (Uncontrolled) 
Daily 428.79 - - - - 


Annual 69.43 - - - - 


VOC (Controlled) 
Daily 76.24 - - - - 


Annual 11.43 - - - - 


 


 


According to modeling results, for worst case scenario, SO2 concentration on the 2 


receptor point exceeds the annual basis limits stated in IFC Standard. There is no settlement or 


sensitive receptor near this point. Besides, modeling studies were done on 1260 receptor points 


and two points exceed the limit for the worst case scenario. According to Regulation on Air Quality 
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Assessment and Management, limit values should be 95% complied at receptor points. In other 


words, limit values cannot be exceed more than 5% of receptor points. In this case, only 0.0016% 


of the receptor points exceed the limit values. Therefore, the impact of the exceeding of the limit 


values for this pollutant is evaluated as not significant.  


 


3.8.9 The Effect of Pollutants on Sensitive Receptors 


According to dispersion maps made by using the modeling results, sensitive receptors 


are not exposed to the high pollutant concentrations and some sensitive receptors are not affected 


some pollutants at all (see Appendix-1, Table 3.49, Table 3.50 and Table 3.51). It can be seen from 


the distribution maps that highest concentrations are centered to the hill at the east of the refinery 


where there is no sensitive receptor or settlement.  
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Table 3.49: Pollutant Concentrations at Sensitive Receptors  


NO Name of the Sensitive Receptor  


NO2 (Normal Case) 
(µg/m3) 


NO2 (Worst Case) 
(µg/m3) 


CO (Worst Case) 
(µg/m3) 


PM (Worst Case) 
(µg/m3) 


CO2 (Normal Case) 
(µg/m3) 


Daily  Annual Daily  Annual Daily  Annual Daily  Annual Daily  Annual 


1 Petkim Lodgement  - - - - - - - - -   


3 Aliağa Town - - - - - - - - -   


4 Aliağa Town - - - - - - - - -   


5 Northwest of Aliağa Peninsula - - - - - - - - -   


7 Petkim Site 1.95 0.27 3.26 0.45 2.23 0.3 0.22 0.03 - 1805 


9 Petkim Site-Port - 0.27 - 0.45 - 0.3 - 0.03 -   


CT1 Port 1.95 0.27 6.39 0.45 2.23 0.3 0.22 0.03 - 1805 


15 TCDD Biçerova Station - - - - - - - - -   


18 
Aliağa Government Office-Fisherman 


Port 
- - - - - - - - -   


19 Aliağa Public Hospital - - - - - - - - -   


22 Nemrut Bay 3.83 0.27 6.39 0.45 4.38 0.3 0.44 0.03 - 1805 


 


Table 3.50: Pollutant Concentrations at Sensitive Receptors (cont.) 


NO Name of the Sensitive Receptor 
SO2 (Normal Case) (µg/m3) SO2 (Worst Case) (µg/m3) CH4 (Normal Case) (µg/m3) TOC (Normal Case) (µg/m3) 


Daily  Annual Daily  Annual Daily  Annual Daily  Annual 


1 Petkim Lodgement  - - - - - - - - 


3 Aliağa Town - - - - - - - - 


4 Aliağa Town - - - - - - - - 


5 Northwest of Aliağa Peninsula - - - - - - - - 


7 Petkim Site 0.68 0.09 1.28 0.18 - 0.03 0.38 0.05 


9 Petkim Site-Port - 0.09 - 0.18 - - - 0.05 
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NO Name of the Sensitive Receptor 
SO2 (Normal Case) (µg/m3) SO2 (Worst Case) (µg/m3) CH4 (Normal Case) (µg/m3) TOC (Normal Case) (µg/m3) 


Daily  Annual Daily  Annual Daily  Annual Daily  Annual 


CT1 Port 0.68 0.09 1.28 0.18 - 0.03 0.38 0.05 


15 TCDD Biçerova Station - - - - - - - - 


18 Aliağa Government Office-Fisherman Port - - - - - - - - 


19 Aliağa Public Hospital - - - - - - - - 


22 Nemrut Bay 1.33 0.09 2.52 0.18 - 0.03 0.74 0.05 


 


Table 3.51: Pollutant Concentrations at Sensitive Receptors (cont.) 


NO Name of the Sensitive Receptor 
TOC (Worst Case) (µg/m3 H2S (Worst Case) (µg/m3 VOC (Uncontrolled) (µg/m3 VOC (Controlled) (µg/m3 


Daily  Annual Daily  Annual Daily  Annual Daily  Annual 


1 Petkim Lodgement  - - - - 11.35 - 2.33 - 


3 Aliağa Town - - - - 22.4 - 2.33 - 


4 Aliağa Town - - - - 11.35 - 2.33 - 


5 Northwest of Aliağa Peninsula - - - - 33.58 5.04 6.91 0.85 


7 Petkim Site 0.64 0.09 0.08 0.01 22.4 5.04 4.62 0.43 


9 Petkim Site-Port - 0.09 - 0.01 22.4 2.52 2.33 0.43 


CT1 Port 0.64 0.09 0.08 0.01 33.58 2.52 4.62 1.17 


15 TCDD Biçerova Station - - - - 11.35 - 4.62 - 


18 Aliağa Government Office-Fisherman Port - - - - 22.44 - 2.33 - 


19 Aliağa Public Hospital - - - - 22.44 - 2.33 - 


22 Nemrut Bay 1.24 0.09 0.17 0.01 44.69 5.04 6.9 0.85 
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3.8.10 Evaluation of the Dispersion Results on the Settlements  


According to evaluation done by using dispersion of the daily NO2, CO, PM, SO2, TOK, 


H2S concentrations found via air quality modeling, there is no important pollutant concentration 


dispersed on the settlements located around the planned facility as can be seen in dispersion maps 


given in the appendices. Highest concentrations are seen especially in the region shown as Sırtlan 


Hill in the 1/25000 scaled topographical map located at the west side of the facility. Nearest 


settlement that can be effected from the facility is Samurlu Village. The pollutant concentrations on 


this settlement is found as least level of concentrations shown in the maps. Modelling dispersion 


values expected to occur on the Samurlu Village are much lower than the limits given in Regulation 


on Control of Air Pollution from Industrial Sources and IFC criteria. Therefore, according to air 


quality modeling, no important effect on the Samurlu Village or on the other settlements is expected 


due to facilities pollutant concentrations.  


 


According to evaluation done by using dispersion of the daily CO2 and CH4 


concentrations found via air quality modeling, there is no pollutant concentration dispersed on the 


settlements located around the planned facility as can be seen in dispersion maps given in the 


appendices. Highest concentrations are seen especially in the region shown as Sırtlan Hill in the 


1/25000 scaled topographical map located at the west side of the facility. Apart from this, there is 


no pollutant dispersion on the lodgments. Therefore, according to air quality modeling, no important 


effect on the settlements is expected due to facilities pollutant concentrations.  


 


According to evaluation done by using air quality modeling results done on yearly basis, 


there is no effect of NO2, CO, PM, SO2, TOK, H2S, CO2 and CH4 pollutants on the settlements or 


lodgments as can be seen on the dispersion maps given in the attachments.   


 


 


According to evaluation done by using dispersion of the estimated daily VOC 


concentrations found via air quality modeling on the region, there are some pollutant concentration 


dispersed on the settlements located around the planned facility as can be seen in dispersion maps 


given in the appendices. Highest concentrations are seen again especially in the region shown as  


Sırtlan Hill in the 1/25000 scaled topographical map located at the west side of the facility. The 


settlements expected to be affected from the pollutant concentration are Aliağa District, Şehitkemal 


Village, settlements on the shore of Çandarlı Gulf, Yeni Foça and lodgments. For the controlled 


emissions, concentrations around settlements are found as between 0-13.8 µg/m3. For the 


uncontrolled emissions, concentrations around settlements are found as between 0-78 µg/m3.  


 


There are no regulatory limits present for the VOC, CO2 and CH4 pollutants in Regulation 


on Control of Air Pollution from Industrial Sources and IFC criteria. 
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Appendix-1 Air Quality Modeling Dispersion Maps  
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1. PREAMBLE 


1.1  Content of the Study 


This report; is consisting of the method, result and evaluations of the oceanographic, geophysical 


and geological studies, performed at the shore facilities and approaching water limits, situated in 


Nemrut Gulf, located within the limits of Izmir province.  


The studies have been conducted under the scope of the Works of “Risk Assessment and 


Preparing Emergency Response Plan” to be realized within the limits of Nemrut Gulf.  


 
Figure-1 View of Project Area 


Performed studies have been carried out and evaluated in 5 different groups as; 


Lateral Scanned Sonar Studies, 


Shoal Seismic Measurements 


Current Measurement Studies,  


CTD Measurement Studies, 


Sediment Sampling.
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1.2.   General Information 


1.2.1. Location 


Situated in Izmir Province, west of the Anatolian Peninsula, at the heart of our Aegean Shores. 


Surrounded with Balıkesir, from North, Manisa from East, Aydın from South. The lands of the province 


has been between 37° 45' and 39° 15' north latitudes, and 26° 15' and 28° 20'  east longitudes. The 


length of the province in North-South direction is approximately 200 kilometers, and its width in the 


east-west direction is 180 kilometers. Its square meter is 12.012 km² [1] 


1.2.2. Climate and Flora 


The summers are hot and dry in Izmir, existing in the Mediterranean climate belt, and winters are 


mild and rainy. Since the mountains are straight to the sea and the valleys are going towards the 


bounders of West Anatolian, allows the marine effect to spread through the interior sections. However, 


in the entirety of the province, the physical geographical differences such as height, distance from the 


west part and coast cause climate differences those would be considered important in regards of rain, 


temperature and sun. [2]. 


The annual average temperature on the basis of the province, differs between 14-18°C on the 


coastal zones. The hottest months are July (27.3 °C) and August (27.6 °C) the coldest months are 


January (8.6 °C) and February (9.6°C). The temperature at the coastal zone in Summer is 1-2°C lower 


according to the interior parts, due to the sea breeze. The temperature that is 7°C as an average in 


winter season, falls down due to the marine air mass, coming from the north and northwest time by time 


[2]. 


There are significant differences in the distribution of the rain according to the months and 


seasons. The annual average rain amount is 700 mm in Izmir that, 50% of the annual rain is during 


winter season, 40-45% is during spring and autumn period., and 2-4% is during summer times. The 


number of snowy days; is almost non-existing at the lower sections. At the upper sections, either the 


number of snowy days, or the snow cover duration increase. [2]. 


When the highest wind velocities and directions in Izmir are examined, at Guzelyalı station, with 


41.2 m/sec towards southeast direction, at Seferihisar with 32.1 m/sec, to south east, at Ödemiş with 


26.7 m/sec to north east, at Bornova, with 25.0 m/sec, to north east and at Çiğli Station with 31.8 m/sn 


to north east direction [1]. 


The flora of Izmir is under the effect of Mediterranean climate. There are all kinds of Mediterranean 


flora. In the places where the forests have been destroyed due to the reasons of over wrongful grazing 


methods, fire and land clearing, Macquis flora has shown itself. Macquis flora consist of shrubs those 


are resistance to dry weather such as juniper, holy oak, kermes oak, wild olive, hackberry, terenbinth, 


phllyrea, staph lea, spartium. 
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Figure-2 General View of Izmir
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1.2.3. General Geological Structure 


The following information expressed about the geology of the Study Area and its surrounding are 


collected from the search study with the title of “Search of Aliaga Geothermal Site through 


Magnetotelluric Method”. When the region, where the study site is situated, is examined, in geological 


terms, it has been detected that there is older Izmir Flysh Upper at the undermost from alloc to thwe 


Upper Cretaceous  


bblgede en altta allokton Üst Kretase yaşh izmir Flişi bulunduğu ve yeşil şist fasiyesi koşullannda 


metamorfizmaya uğramis rekristalize ekzotik kireçtaşı bloklu epiklastik karakterde şist ve metakumtaşı 


ardalanmasmdan oluştuğu saptanmistır. Bunun üzerine uyumsuz olarak Alt Miyosen yaşh Soma 


Formasyonu (Ts) cökelmiştir. Altta kalm tabakalanmalı, sarımsı, boz, bej renkli killi kireçtaşı, marn, 


çamurtaşı, kumtaşı, silttaşı, ince kireçtaşı, ttifit ardalanması şeklindedir (Eşder ve diğ., 1991). Soma 


Formasyonu'nun en üst düzeylerinde tiifit ve çeşitli volkanoklastikler daha sık ardalanmakta olup, 


volkano sedimanter bir karakter gbstermektedir [3]. 


Aliaga ybresinde Alt Miyosen'de gblsel fasiyeste olan cbkel ortamı daha sonra volkano sedimanter 


bir cbkel ortamına dbnüşmektedir. Soma Formasyonu üzerine acisal diskordansla Aliaga Volkanitleri 


gelmektedir. Soma Formasyonu’nun ortalama kahnhgı 1800 m olarak tahmin edilmektedir. Orta 


Miyosen'de bblge genellikle kara halinde olup, zaman zaman derinliği çok az olan sig sularla 


kaplanmistır. Bu siireç içersinde andezit lavlan ile ara katkıh piroklastikler oluşmuştur. Bunlar Aliaga 


piroklastikleri (Tap) olarak adlandınlmistır (Eşder ve diğ., 1991). Tüfler genellikle volkanik parçalan 


kapsamakta ve piroksen andezitler yer yer dayk şeklinde gbriilmektedir. Aliaga piroklastiklerinden 


derlenen brneklerde yapılan petrografik çahsmalar sonucunda eksplosiv faza ait kayalar, asidik tüf, 


silisleşmiş tüf, ayrismis tüf, piroklastik kaya, altere olmuş piroklastik kaya adlan veilmiştir. Ekstrüsiv 


fazda ise Aliğa piroklastiklerinin bazı düzeylerinde piroksen andezit ve perlit gibi lav akıntılanndan 


oluşan volkanitlerde bulunmaktadır. Kalınhkları 350 m dolaymdadır [3]. 


Orta Miyosen yaşh cbkel kayalan, Alt Miyosen yaşh Soma Formasyonu'nun üzerindeki eksplosiv 


evreye ait proklastikler ile ekstrüsiv evreye ait volkanitler arasmda yer almaktadır. Bunlar Çamdağ 


kireçtaşlan olarak incelenmişlerdir (Eşder ve diğ., 1991). Gri krem renkli, fosilli ve kalm tabakahdırlar. 


Kahnhgı jeolojik kesitlere dayanarak 125-150 metre olarak verilmiştir. Qamdağ kireçtaşlannın alt 


dokanağı ttif, tüfit ve ince kireçtaşı tabakalannın ardalanmasmdan oluşmakta, doğrudan Aliağa 


piroklastiklerinin üst düzeylerinde yeralmaktadır. Üste doğru daha çok lagtiner ortamı karakterize eden 


orta ve kalm tabakalanmah, yeknasak bir istif gbrünümiindedir. Orta Miyosen yaşh Aliağa 


piroklastikleri (Tap) üzerine gelen ve Üst Miyosen olarak yaş verilen Hatundere dasitleri (Tdst), 


Sankaya riyolitleri (Tryl), Bozdivlit bazaltik andezitleri (Tba) ve Dumanhdağ andezitleri (Tand), Aliağa 


Volkanitleri'nin en bnemli volkanik kayalandır. Sialik kbkenli, kalkalkelin karakterdeki bu volkanitler, 


Aliağa piroklastikleri üzerinde kısa ve kalm lav akmtılan şeklinde yer almaktadır. Bunlardan ilk oluşan 


ve geniş alanlar kaplayan Hatundere dasitleridir. Hatundere dasitlerinin, Qamdağ kireçtaşlan (Tç. Kçt) 


üzerinde yer aldigı bir durum belirlenememiştir (Eşder ve diğ., 1991). Bu durum, daha yaşh Qamdağ 


kireçtaşlannın volkanik etkinlikten uzakta cbkeldiği şeklinde yorumlanmistır. Hatundere dasitleri, Dasit 
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mostralan, koyu gri, siyahm tonlannda renklere sahip olup, kahverengi renklerde de gbriilmektedir. 


 


Bunlar üzerinde yer alan  andezitlerden  daha serttir ve  bir çok yerde  hidrotermal  alterasyona 


uğramıştır. Bu tür lavlar, değişik doğrultular üzerinde yer alan volkanik merkezlerden çıkarak geniş bir 


alana yayılmışlardır (Eşder ve diğ., 1991). 


Hatundere dasitlerinin oluşumundan sonra volkanizmada bir duraksama olmuş ve süreç içerisinde 


bölgede bir erozyon oluşmuştur. Dasitlerin volkanik yamaçlar üzerindeki kalınlığı 75-300 metre 


arasında değişmekte olup, erozyondan önceki kalınlığı 750 m civarındadır. Hatundere dasitlerinden 


sonra sınırlı olarak tektonik gidişler üzerinde asit volkanik karakterde Sarıkaya Riyolitleri (Tryl) 


oluşmuştur.Bu volkanitler, kısa, kalın lav akıntısı ve dayk girdileri şeklinde mostralar 


vermektedir.Bordo-kahverengi tonlarda olup, yer yer çok sert ve masif bir yapıdadırlar. Ortalama 


kalınlık 100 m olarak tahmin edilmiştir (Eşder ve diğ., 1991). Riyolit lav akıntıları ile riyolit dayk 


girmelerinin oluşum evreleri farklıdır. KD-GB doğrultulu tektonik gidişler üzerinde oluşmuş, altındaki ve 


üstündeki diğer volkanitlerden morfolojik, kimyasal ve petrografik yönden farklı olan, siyah renkli ve 


soğuma sütunları ile bazaltlara benzeyen volkanik kayalar, Eşder ve diğ. (1991) tarafından Bozdivlit 


Bazaltik Andezitleri (Tba) olarak adlandırılmıştır. Kalınlıklarının 125-150 m civarında olduğu tahmin 


edilmektedir. Bunların üzerlerinde, lav boşalımı öncesi, eksplosiv evrenin ürünü olan ve lav çıkış 


merkezlerine yakın yarılımlar boyunca görülen tüf çimento içersinde blok boyutuna varan köşeli 


çakıllardan oluşan aglomera (Tagl) gelmektedir. Volkanizmanın türü ve şiddetine bağlı olarak, 


kalınlıkları 50-100 m arasında değişmektedir. Dumanlıdağ andezitleri (Tand), bölgenin genel tektonik 


yapısına bağlı olarak belli yarık ve faylardan çıkan lav akıntılarından oluşmuştur (Eşder ve diğ., 1991). 


Bu volkanitler, trakiandezit, andezit cinsi kayalardır. Aşınmaya karşı daha dayanıklı olduklarından 


topoğrafik yükseltileri oluşturmuşlardır. Bunlar, dayk girmesi şeklinde Aliağa piroklastiklerini, 


Hatundere dasitlerini ve Bozdivlit bazaltik andezitlerini katederek veya kalın lav dilleri halinde onların 


üzerlerine akmışlardır. Alkalen volkanizmanın ürünü en son bazik volkanitler Top Tepe Bazaltları (Tp) 


olarak adlandırılmıştır. Kuvaterner, alüvyonlar ile yamaç molozlarından oluşmuştur. Vadilerde geniş 


alüvyon düzlükleri bulunmaktadır (Eşder ve diğ., 1991). Alüvyonu oluşturan kayaların büyük 


çoğunluğu, akarsu ve derelerin taşıdığı volkanik çakıl ve bloklardan oluşmaktadır. Yamaç molozları ise 


volkanik yükseltilerin çevresinde gelişen volkanik bloklardan oluşmaktadır [3]. 


Figure-3 Stratugrphy section ot the region, Figure-4 Geology Map of Aliağa and its surrounding. 
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Figure-3 Stratugraphy Section of the Region
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Figure-4 Geology Map of Aliağa and its Surrounding and MT Measurement Points 


 







TRSIM Mühendislik Danışmanlık Eğitim Yazılım Sanayi ve Ticaret Limited §irketi 
 Izmir Province Nemrut Gulf Oceanographic, Geophysical, geophysical and Geological 
Evaluations Report 


 


8 
DenAr Deniz Araştırmaları Ltd.Şti. 


2. MATERIALS AND METHODS  


2.1.   Search Tool 


During the site surveys, a fishing boat named “Ahmet Kaptan” has been used (Figure-5). The 


electricity power, that is required  for the Devices has been produced by a mobile generator, producing 


220 VAC electricity.                                                                                                                                                              


 


Figure-5 Fishing Boat named “Ahmet Captain”  


2.2.   Positioning System (GPS) 


In Geophysical, Geological and Oceanographic Measurements, Trimble SPS-550H GPS ;System 
(Figure-6) had been employed. 


 
 


Figure-6 Trimble SPS-550H GPS
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“Trimble SPS550” had been employed by mounting over the boat, its collected data has been 


delivered in required intervals, to sonar, current and bathymetric data, which are recorded upon 


hydrographical software HydroPRO. The view of the system, mounted over the boat, is given in 


Figure-7. 


 


Figure-7 Trimble SPS-550H GPS Site View 


2.3.   Oceanographic Systems 


Under the scope of Oceanographic measurements; 


• Current Measurementsi 


• CTD measuremnts, 


Have been conducted and therefore, the general physical properties of the region has been 
detected.  


 
Figure-8 Oceanographic Measurement Tools 
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2.3A. Acoustic Doppler Current Measurement Systems (ADCP) 


Under the scope of current measurements, with the RDI mark, 300 kHz Wide Band ADCP device 


(Figure 9) the measurement of the current had been performedaccording to the depth. ACDP, being 


mounted laterally over the boat that sending acoustic signals from the level of the sea down to the 


depth and by starting from the Doppler effect of the signal that is reflecting back, from the organic and 


inorganic materials such as solid matters and plankton, those are suspending in the water column, 


throughout the water column, current measurement has been made in 3 dimension 


 


Figure-9 Current Measurement Device (RDI ADCP WHS 300) 


For a total of 100 depth window, on the condition that the smallest one should be one meter long, it 


is possible to conduct a current measurement for each depth level in required intervals. Through the 


temperature sensor over the device, it is also possible to measure the water temperature at the dept 


where transducer is existing. The collected current data is recorded together with the simultaneously 


derived GPS based location information. The Device can measure the depth up to 300 meters and at 


the same time, by calculating the Dopplerr effect of the signal reflecting from the bottom, the movement 


of the boat according to the sea bottom is calculated (bottom track).  


ADCP device can receive the direction and the other movement information from the cairo and 


movement sensor however, in these studies, direction information has been provided from the 


magnetic compass over the device. The route, defined by the compass –bottom track and records 


generated by using the GPS points have been compares and by means of the fact that tracks 


generated from two data sources are the same, the collected data quality is controlled.  


2.3.2. CTD (Conductivity, Temperature, Density) Measurement System 


Under the scope of Oceanographic measurements, with RBR mark XR-620 model CTD device 


(Figure 10), the temperature, conductivity, salinity and density measurements have been carried out. 


XR-620 records to its interior memory the data at any dept it has been through the power source within 


itselfby sampling them 6 times per second. 


 It transfers the average values of them in a selected time or depth interval to the user’s computer 


over RS 232 connection in a computer environment as numerical. For data processing and display, the 


software named RBR Logger ver.6.08 has been used. The device; is a commonly used system in all 


the workd for engineering and scientific researches sowing to the facts that the calibration file is 


recorded over prob, it can reach the engineering data directly wheb it is downloaded to the computer, it 


is light and able to make correct record.
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Figure-10 RBR XR-620 Model CTD Device 


The technical specification regarding the parameters measured by RBR XR-620 are presented in (Table-


1): Table1 Technical Specifications of RBR XR 620 CTD Device 
 


RBR XR-620 Conductivity (mS/cm) Temperature (°) Depth (m) 


Measurement Interval 0 - 70 -5 ve + 35 0 - 740 


Accuracy 0.003 ± 0.002 ± 0.05 % 


Sensivity < 0.0001 0.00005 < 0.001 % 


2.4.   Geophysical Systems 


In Geophysical measurements; 


• Tritech SeaKing Side Scan Sonar  


• Tritech SeaKing Sub-Bottom Profiler  


• Tritech SeaHub Interface Box  


• Trimble SPS-550H GPS (positioning system), 


• Tritech SeaNet Pro data collection and processing software had been used 


employed that the details are stated in the following articles. 
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With Tritech system, it is possible to use both YTS and SBP simultaneously. SeaHub Interface Box 


has the property to support 4 different devices at the same time. In the studies in this report, YTS and 


SBP had been used simultaneously. . 


Tritech SeaKing Sub-Bottom Profiler (Figure-11), used for performing geophysical studies, had 


been used by mounting to the side of the boat, Tritech SeaKing Side Scan Sonar (Figure-12) had 


been connected back of the boat through strengthen cable. During the studies, boat speed was fized 


and therefore a standar quality had been obtained. 


 


Figure-11 Tritech SeaKing Subbottom Profiler Site View 


The connection of the shaollow seismic system and side scan sonar with a computes had been 


provided upon “SeaHub Interface Box”.  The lineer coordinates obtained by “Trimble SPS 550H” had 


been directly delivered to COM port, this data delivered to the computer had been included to the 


sonar and seismic data through “Com Port Multiplier” system. During the study, the line had monitored 


over HydroPRO, therefore a measurement had obtained that covers the project site entirely.  


 


Figure-12 Tritech SeaKing Side Scan Sonar system Site View 


Specifications of YTS and SBP systems are indicated in below articles. 
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2.4.1. Side Scan Sonar (YTS) 


In order to define the surface properties of sea bottom, Tritech SeaKing Side Scan Sonar system 


had been used. This system composed of towfish (sonar fish) delivering acoustic signal to the sea 


bottom (Figure-13), bilgisayar ara birimi olan SeaHub Interface Box (Figure-13), that is computer inter 


unit and through backup cable  SeaNet Pro data collection and processing software. Sonar operation 


frequency is 325 kHz that the signals delivered and received through transducers on both sides, had 


been converted to the electrical sign by transducer and sent to computer inter unit through back up 


cable (SeaHub Interface Box). The data sent to the personal computer from this inter unit by RS-232 


protocol, is read by SeaNet Pro software and recorded as numerical, then on PC screen the sonar 


view is obtained. Interface box also, read the positioning data received from Trimble SPS-550H GPS 


system and delivers to the PC. SeaNet Pro software record the positioning data into the sonar data.  


 


Figure-13 Tritech SeaKing Side Scan Sonar and SeaHub Interface Box 


2.4.2. Subbottom Profiler (SBP) 


In order to determine the sediment properties under the surface of sea-bottom, Tritech SeaKing 


Sub-Bottom Profiler system had been used (Figure-14). This system send the acoustic signals of low 


frequency (LF) 20 kHz and high frequency (HF) 200 kHz simultaneously to the sea base, perceives  


the return signals from sea base, converts to electrical sign and through back-up cable, sends to 


computer interunit (SeaHub Interface Box). Likewise YTS, the data delivered to the personal computer 


(PC) from this interunit by RS-232 protocol, is read by SeaNet Pro software and recorded in numerical; 


on PC screen, the HF and LF vertical view of the sea bottom is obtained. Likewise, YTS,  Interface box, 


reads the positioning data, received from Trimble SPS-550H GPS system and delivers to PC, SeaNet 


Pro software records the positioning data into sonar data.
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Figure-14 Tritech SeaKing Subbottom Profiler 


2.5. Sediment Sampler 


Under the scope of Geological measurements, Hydro Bios Marka Ekman-Birge Bottom Sampler 


(Figure-15) had been used. The obtained samples are labeled and kept according to their location 


information and delivered to the laboratories of  Zemar Zemin Araştırma Test Madencilik inşaat ve 


Ambalaj Sanayi Ticaret Limited Şirketi.


 


Figure-15 Ekman-Birge Bottom Sampler 
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In order to define the sediment distribution of the sea base, the performed analysis öethod and 


principles are stated below respectively.  


From the disturbed sample, two samples in approximately 50-100 g. weights, prepared by the 


siding method, is taken. The required material for the experiment depends on the ground type. For the 


muld material, about 50 g. for sandy grounds 100 gr. Sample is obtained.  


The obtained material is weighted and sifted through sifter no 200, the material under the sifter is 


weighted and 1,5 times weight of the material weight, of sodium hexa meta fosfat is put into the 


material. Mixed with a class stick slightly. Kept for one day.  


The kept sample is put into mier and mixed for about 15 minutes. The mixed material is taken into 


a graduated cylinder and distilled water is added so that the mixture in the graduated cylinder is 


completed to 100 ml. The top of the graduated cylinder is covered by a plug and shaked harshly until 


a homogenous suspension is formed. Finally, it turns to upside down.  


Whenever the shaking stops, the graduated cylinder is place over a flat surface and the 


cronometer is started.  


Until reaching a slightly lower of the hydrometer floating position, it is dipped into the suspension 


and left for free swim. Looking at the chronometer, at ¼, 1 and 2 minutes, the readings of the 


hydrometer are taken. Then, hydrometer is taken out from the suspension slowly. It is cleaned with a 


distilled water and keeping it with the same temperature of the groun suspension, the distilled water is 


kept in other graduates cylinder.  


 Hidrometre yiizme durumunun az altma gelene kadar stispansiyon içine daldınhr ve serbestçe 


yüzmeye bırakıhr. Kronometreye bakılarak %, 1/4, 1 ve 2 dakikada hidrometre okumalan almır. Bundan 


sonra hidrometre yavaşça stispansiyondan cikanhr. Damıtık suyla yıkanır ve zemin stispansiyonu ile 


aynı sıcakhkta tutularak damıtık su dolu diğer meztirde bekletilir. 
During the experiment, the received readings and the calculations made after are recorded to the 


concerning form.  


STANDARD: ASTM D-422-63 (2002) Hydrometer 


Graduated Cykinder 100 ml capacity, diameter 55mm, lenght 300mm, two units 


Termometer covering the interval of 0-50 °C sensitive to 0.5 °C degree 


Mechanical Mixer Motor speed is 3000 dev/min with rondels on the edge 


Experiment sifters 


Scales 0.01g sensitive  


Incubator  Continuously providing 105-110 °C temperature 
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Cronometer 


Desiccator  an amount of waterless silica gel is exiting inside it 


Ruler  Centimeter graduated 


Pot Four porcelain pots 


Conic bottle or beaker with the capacity of 1000 ml 


Piset from plastic, full of distilled water 


Glass Stick Length 15 cm, diameter 5mm 
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3. FINDINGS AND EVALUATIONS 


3.1. Oceanographic Evaluations 


3.1.1. Evaluations of the Current Measurements 


On 4 different lines, current measurements had been performed on 18.01.2008 at Nemrut Gulf, included 


within the bounders of Aliağa Town, of Izmir Province. The sampling interval is arranged to 0.5 Hz, time 


average is per every second in the measurements. Figure 16, indicating the locations of the lines, where the 


current measurement is performed and collected date, Table-2, measurement location and time details, 


velocity and directin graphics according to the depth of the current data are presented in following figures. 


The collected three dimensioned current data is presented in Annex XX, in the ASCII format.         


 


Figure-16 Map Showing the Points, Where the 
Current Measurement is Made 


Under these conditions, it is seen that the currents in the regions is coming from the open seas, headway 


from both sides of the Gulf towards south, from its middle line, however, in a more turbalance way, headway 


to the north (towards the exit of the Gulf). While its headway velocity to the South is about within the interval 


of 7-9 cm/s, exit from the middle line has a velocity of 3-5 cm/sec. The gridded surface current, produced 


from the average of all data are in red, the measured data are in colorful arrows, in Figure 19a, contour 


graphic of the velocity of surface currents  are presented in Figure 19b (cms) in the form of colorful graphic. 


In Figure 19, the shore line has been marked by grey color on the map. When the surface current values of 


each line, respectively average direction of (Line 1, 3 ,4  and 5) s 154°, 149°, 180° and 132°, current 


volumes are calculated as .5, 11, 7.5 and 14.1 cm/s. the entrance of the Gulf. 


Through the line with no 1 on its direction (Figure 19b), significant changes in the directions of all currents 


have been recognized. On the west of the Gulf entrance, the current rate is 7 cm/s and through north, 


without changing the direction, the speed has decreased to 3 cm/s. On the east of the Guld entrance again 
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with the rate of 7 cm/s, directed into the Gulf.  


Since the studied site is shallow and close to the shore, it is considered that the generated current shall be 


effected from the wnd conditions largely and the meteorological parameters have been kept and recorded 


for the purpoe of further use in advance calculations. During the measurement, the air temperature is 13°C 


that the air pressure is 1022hPA. The wind blows with the rate of 1-2 m/s from the direction of North-


Norteast volatilely. The air is few clouded that the relative humidity is about 63%.  


According to the depth of all the lines, current velocity and direction graphics are presented in the following 


graphics. The bottom depth, measured by ADCP, belonging to each line separately, has been indicated by 


thick red lines on the graphics. The studied site has a shallow depth in general, that the site where the 


measurements are being made, reaches to 20-50 meters depth in general towards the open seas. When 


the current profiles are examined according to the depth, no significant change has been stated according 


to the current. On the Line-3 and Line-5, the long lines, parallel to the shore, at the north of the region, there 


is a rather significant current approximately in the value of 7 cm/s. This current structure points out the 


water mass that comes from the open seas. Sedimen transportation of the measurement results are 


assessed that they could be used in modeling the petroleum layer propogation or 3 dimensional hydro 


dynamic models. However, from the fact that the mearurement is just for instant, it should not be forgotten 


that various values can be met in different times. The source data used in producing graphics, are also 


introduced in ANNEX for the advance engineering practices in ASCII format.  
 


Current Line Beginning 


Coordinate (N/E) 


Ending 


Coordinate 


(N/E) 


Time 


(18.01.2008) 


Line Lenght 


(m) 


Line_1 38°47.04' 


26°55.00' 


38°47.18' 


26°55.22' 


12:00 517 


Line _3 38°46.18' 


26°54.24' 


38°46.03' 


26°55.39' 


12:25 1800 


Line _4 38°46.06' 


26°56.46' 


38°47.03' 


26°55.09' 


12:43 2025 


Line _5 
38°47.03' 


26°55.05' 


38°46.45' 


26°56.42' 


13:01 1495 


Table-2 Current Measurement Location and Times 
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Figure-17 Current Veolocity and Direction Data Measured in Line-1 


 


Figure-18 Current Veolocity and Direction Data Measured in Line_3 
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Figure-19 Current Veolocity and Direction Data Measured in Line-4 


 


Figure-20 Current Veolocity and Direction Data Measured in Line-5 
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3.1.2. Evaluation of Sea Water Temperature, Salinity and Density Data   


At four stations, included within the project area (Figure-23), in order to define the physical properties of 


sea water, CTD measurements have been performed.  


The coordinate and time information of the CTD measurement points shown on the map in Figure 23 are 


presented in Table3. The collectd data from each station are shown as temperature, salinity, density 


information, changing according to the following graphics. 


Table3 Location and Time Information of CTD Measurements 
 


Point Name Measurement Time Latitude(K) Longitude (D) 


CTD-1 12:22 38° 46’ 32,01” 26° 55’ 40,07” 


CTD-2 12:31 38° 45’ 42,46” 26° 55’ 20,53” 


CTD-3 12:37 38° 45’ 54,78” 26° 55’ 13,54” 


CTD-4 12:42 38° 46’ 05,41” 26° 54’ 48,93” 


It has been detected that the conductivity degrees of sea surface is about 47,9 mS/cm value. CTD-04 


point conflicts with this generalization and it has been detectd that it is about 48,1 mS/cm. The fact that this 


difference has been detected also in other parameters, takes the attention to a relative difference between 


the north edge of the gulf, where intersect with Çandarlı Gulf and the general structure of the inside Gulf. This 


structure shows that the edge of the gulf is under the influence of the general current circulation of Çandarlı 


Gulf. It should be remarked that there is a similar change also in current measurement lines.  


The surface temperature within the Gulf is about 15,3°C and up to 15 meter depth, drops down to the 


limit of 15°C. This change increases its rate between 15m and 20m and lowers the temperature values. 


This structure complies with the general characteristics of the region.  


The salinity values are at the limit of 39,3psu. Their density values are increasing from 29,3 sigma-t to 


29,6 sigma-t value at a stable rate. 
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Figure-21 Map showing CTD Measurement Locations 
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Figure-22 CTD-01 Point Conductivity-Temeperature-Salinity-Density Graphics 
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Figure-23 CTD-02 Point Conductivity-Temeperature-Salinity-Density Graphics  
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Figure-24CTD-03 Point Conductivity-Temeperature-Salinity-Density Graphics 
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Figure-25 CTD-04 Point Conductivity-Temeperature-Salinity-Density Graphics  
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3.2. Geophysical Evaluations 


3.2.1. Interpretation of Survey Area Sea Geophysical Data 


Shallow seismic and at the same time side scan sonar studies had been performed at Nemrut Gulf 


(Figure-1) situated within the borders of Aliağa Town of Izmir province. The evaluations and the results 


are given below.  


In the study, high resolution seismic presentation data together with side scan sonar data have been 


used. Studies are performed in two separate areas. As North area and Soıth area, in two different 


regions, the measurements and evaluations had been performed. The general view of the study areas 


are given in the following figure.   


 


Figure 26. General View of Survey Site. 


Locations of the seismic lines and side scan sonar data from two dfferent areas are given in the 


following figures (Figure-28). 
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Figure 28. Location map of North Area seismic data and side scan sonar data.
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Seismic data; had been subject to separate evaluations primarily for two different areas, in the light of 


obtained results, a common comment had been gathered. On the South survey area, a total of 13 


seismic section had taken that 12 of them had been subjected to evaluation. Line-02 and Line 12 from 


the seismic lines are NW-SE displacive that, excepf for them, all other lines are N-S directional. Entire 


of the seismic sections, since reflection of sea base is high energy and large amplitude, the reflections 


of the lower layers have been covered. The reflections observed just below the reflection of the sea 


base are ghıost type reflections. Below this, the consecutive reflection of the sea base can be 


recognized. Two important event is attracting in seismic sections. One of them is, the linearity that we 


can consider it as a structural element that cuts the sea base (Q1,Q2,Q3,Q4 ve Q5). The second one 


is, the basin formation, developed under the imfluence of this linearities, those we can qualify as fault. 


The linearities are complying with the directions of the faults in the regional active tectonic structure of 


the survey area and its surrounding that, generally, in the direction of NE-SW and sometime N-S. In 


both of the survey area, the basin formation, that shapes Nemrut Gulf, shows itselfs explicitly on the 


taken and evaluated seismic sections in both areas. The valley has opened from NE to SW in the 


north region, from S to N in the south region. Overthrust as typically and facies formation in the form of 


stuff show itself at the survey area. The fancies system in the type of hanging stuffing type has 


established an important control mechanism over the sediments, those form the stratigraphic units. It 


is considered that they develop in the form of shale fancies. It is a matter of fact that there is a 


transmission property to seismic fancies, in lateral direction and characterized with sand towards land 


and national zones, with large amplitude and good continuity. Below, both of the survey areas’ 


interpreted seismic sections are introduced respectively.
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South Area Interpreted seismic sections 


 


mptfTO 


Figure-29 Seismic, no.1 section taken from the survey area 


 


 


Figure-30 Seismic, no.2 section taken from the survey area
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Figure 31. Seismic, no.4 section taken from the survey area 
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Figure-32 Seismic, no.5 section taken from the survey area 


 
GHOST REFLECTION 


CONSECUTIVE REFLECTION (MULTIPLE) 


Figure-33 Seismic, no.6 section taken from the survey area 


Figure-34 Seismic, no.7 section taken from the survey area
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Figure-35 Seismic, no.8 section taken from the survey area 
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Figure-36 Seismic, no.9 section taken from the survey area
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Figure-38 Seismic, no.11 section taken from the survey area 
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Figure-39 Seismic, no.12 section taken from the survey area


Figure-37 Seismic, no.10 section taken from the survey area t 
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CONSECUTIVE REFLECTION (MULTIPLE) 


 
Figure-40 Seismic, no.12 section taken from the survey area 
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South Areas interpreted seismic sections 


 


Figure 41 Seismic, no.1 section taken from the survey area
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Figure 42 Seismic, no.2 section taken from the survey area 
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Figure-43 Seismic, no.9 section taken from the survey area
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Figure-44 Seismic, no.4 section taken from the survey area 


Figure-45 Seismic, no.5 section taken from the survey area
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Figure-46 Seismic, no.6 section taken from the survey area 


 


Figure-47 Seismic, no.7 section taken from the survey area
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Figure-48 Seismic, no.8 section taken from the survey area
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At the survey site, in the south area 12 sonar, in the norh area 8 sonar data had been interpreted. In both of 


the areas, the linearities observed in the seismic data have been recognized in a compatible way in sonar 


view. In all sonar data, it can be observed that there is two groups of linearity. The linearity in one group is 


in the direction of NE-SW that, the other groups are approximately in N-S direction. We can say that the 


linearities in NE-SW direction are compatible with the faults in the active tectonic structure of the region. 


Due to some small linearity, it is considered that there are crack on the sea base. The structural linearities 


establishing the basin structure in seismic sections have been repeated in sonar views. Other than these, 


there are from place to place sediment deposits and small rock parts have been observed. The effects of 


the artificial items are also available in the displays (pier). It is considered that these items occurred 


throughout the past geological periods and effected the neogen formation also, do not have a significant 


factor in the survey area. In general, it can be seen obviously that the sea base is affected from the current 


sediments and existence of the regional deposits occurrence over bottom topography. But, these are not in 


the type of preventing the studies in the survey area. Within the project area, no rocky formation has been 


met at the sea bottom. Within the project area, a 1natural” formation that shall harden the working 


conditions, an immediate height or gas outlet has not been met. Side scan sonar data and evaluationa are 


given in the following figures.  
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South Areas Interpreted Sonar views 


 


Figure-49 Side Scan Sonar view of Line-1 
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Figure-50 Side Scan Sonar view of Line-2
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Figure-52. Side Scan Sonar view of Line-5 
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Figure-53. Side Scan Sonar view of Line-6
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Figure-54 Side Scan Sonar view of Line-7







TRSIM Mühendislik Danışmanlık Eğitim Yazılım Sanayi ve Ticaret Limited §irketi 
 Izmir Province Nemrut Gulf Oceanographic, Geophysical, geophysical and Geological Evaluations Report 


 


47 
DenAr Deniz Araştırmaları Ltd.Şti. 


 


 


Figure-55 Side Scan Sonar view of Line-8 







TRSIM Mühendislik Danışmanlık Eğitim Yazılım Sanayi ve Ticaret Limited §irketi 
 Izmir Province Nemrut Gulf Oceanographic, Geophysical, geophysical and Geological Evaluations Report 


 


48 
DenAr Deniz Araştırmaları Ltd.Şti. 


 


Figure-56 Side Scan Sonar view of Line-9
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Figure 57 Side Scan Sonar view of Line-10
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Figure-58 Side Scan Sonar view of Line-11
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Figure-59 Side Scan Sonar view of Line-12
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North Area Interpreted Sonar Views 


 


Figure-60 Side Scan Sonar view of Line-1
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Figure-61 Side Scan Sonar view of Line-2
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Figure-62 Side Scan Sonar view of Line-3
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Figure-63 Side Scan Sonar view of Line-4
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Figure-64 Side Scan Sonar view of Line-5
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Figure-65 6 nolu hat’a ait yandan taramalı sonar görüntüsü
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Figure-66 Side Scan Sonar view of Line-7 
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Figure-67. Side Scan Sonar view of Line- 
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3.3. Geological Evaluations 


3.3.1. Obtaining Sea Base Surface Sedimant Examples 


At 9 stations, defined in the project area, through Hydro Bios Marka Ekman-Birge Bottom Sampler 


(Figure-15) type butterfly net sampler, sediment sampling had been performed. Coordinate distribution 


of the stations within the survey area have been defined in the way that they shall represent all the 


project survey area.  


Locations of the measurement stations have been determined with the error of ±1 meter through GPS, 


during the sampling process.  


. Table4 Sea Base Sediment Sampling Stations (UTM35-WGS84) 
 


Station No: Latitude -K- Longitude -G- 
JEO-01 492542 4290641 
JEO-02 492467 4291070 
JEO-03 492794 4290827 
JEO-04 493207 4290691 
JEO-05 493100 4290410 
JEO-06 493348 4290077 


JEO-07 
JEO-08 
JEO-09 


493651 
494016 
493704 


4292327 
4292392 
4291799 


The locations given in the above table have been plotted over a map that is coordinated 


geographically  and presented in Figure-68. 


 


Figure-68/A Stations, where Sediment Samples Have been Taken (South)
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Figure-68/B Stations, where Sediment Samples Have been Taken (North) 
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The values derived from the laboratuary analyses are shown in Table5. 


Table5 Labaratuvar Sonuçları 
 


Stat. No: LL PL PI Atterberg 
Classification 


JEO-01 53,9 26,9 26,9 CH 
JEO-02 46,2 24,4 24,4 CL 
JEO-03 43,8 25,1 25,1 CL 
JEO-04 49,2 24,1 24,1 CL 
JEO-05 47,2 30,1 30,1 ML 
JEO-06 41,6 26,4 26,4 ML 
JEO-07 NP NP NP SM 
JEO-08 NP NP NP SP-SM 
JEO-09 NP NP NP SM 


 
For the pupose of determination of the sediment distribution of the survey area sea base, a total of 9 


sedimen samples along with the shore line of the project area has been taken. The obtained samples 


have been subjected to the analysis of Sifter, Hydrometer and Atterberg.  


The sediment Distribution Map, indicating the current sediment distribution of the region is 


presented in Figure-69. 


 


Figure-69/A Sediment Distribution Map (South 
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Figure-69/B Sediment Distribution Map (Norht) 
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4. CONCLUSION 


When the oceanographic, geophysical and geological surveys carried out at the shore plants and 


approaching water, in Nemrut Gulf situated within the borders of Aliağa town of Izmir province, in 


general: 


It can be observed that the current in the region received from the open areas towards the south 


from both sides of Nemrut Guld; from the middle line, headway in a more turbulence way, to the north 


(exit of the gulf). While its headway velocity to the South is about within the interval of 7-9 cm/s, exit 


from the middle line has a velocity of 3-5 cm/sec. Since the studied site is shallow and close to the 


shore, it is considered that the generated current shall be affected from the wnd conditions largely and 


the meteorological parameters have been kept and recorded for the purpoe of further use in advance 


calculations. During the measurement, the air temperature is 13°C that the air pressure is 1022hPA. 


The wind blows with the rate of 1-2 m/s from the direction of North-Norteast volatilely. The air is few 


clouded that the relative humidity is about 63%. 


 It has been detected that the conductivity degrees of sea surface is about 47,9 mS/cm value. CTD-


04 point conflicts with this generalization and it has been detectd that it is about 48,1 mS/cm. The fact 


that this difference has been detected also in other parameters, takes the attention to a relative 


difference between the north edge of the gulf, where intersect with Çandarlı Gulf and the general 


structure of the inside Gulf. This structure shows that the edge of the gulf is under the influence of the 


general current circulation of Çandarlı Gulf. It should be remarked that there is a similar change also in 


current measurement lines. The surface temperature within the Gulf is about 15,3°C and up to 15 


meter depth, drops down to the limit of 15°C. This change increases its rate between 15m and 20m 


and lowers the temperature values. This structure complies with the general characteristics of the 


region. The salinity values are at the limit of 39,3psu. Their density values are increasing from 29,3 


sigma-t to 29,6 sigma-t value at a stable rate. 


Seismic data; had been subject to separate evaluations primarily for two different areas, in the light of 


obtained results, a common comment had been gathered. On the South survey area, a total of 13 


seismic section had taken that 12 of them had been subjected to evaluation. Line-02 and Line 12 from 


the seismic lines are NW-SE displacive that, excepf for them, all other lines are N-S directional. Entire 


of the seismic sections, since reflection of sea base is high energy and large amplitude, the reflections 


of the lower layers have been covered. The reflections observed just below the reflection of the sea 


base are ghıost type reflections. Below this, the consecutive reflection of the sea base can be 


recognized. Two important event is attracting in seismic sections. One of them is, the linearity that we 


can consider it as a structural element that cuts the sea base (Q1,Q2,Q3,Q4 ve Q5). The second one 


is, the basin formation, developed under the imfluence of this linearities, those we can qualify as fault. 


The linearities are complying with the directions of the faults in the regional active tectonic structure of 


the survey area and its surrounding that, generally, in the direction of NE-SW and sometime N-S. In 
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both of the survey area, the basin formation, that shapes Nemrut Gulf, shows itselfs explicitly on the 


taken and evaluated seismic sections in both areas. The valley has opened from NE to SW in the 


north region, from S to N in the south region. Overthrust as typically and facies formation in the form of 


stuff show itself at the survey area. The fancies system in the type of hanging stuffing type has 


established an important control mechanism over the sediments, those form the stratigraphic units. It 


is considered that they develop in the form of shale fancies. It is a matter of fact that there is a 


transmission property to seismic fancies, in lateral direction and characterized with sand towards land 


and national zones, with large amplitude and good continuity. Below, both of the survey areas’ 


interpreted seismic sections are introduced respectively. 


 


At the survey site, in the south area 12 sonar, in the norh area 8 sonar data had been interpreted. In 


both of the areas, the linearities observed in the seismic data have been recognized in a compatible 


way in sonar view. In all sonar data, it can be observed that there is two groups of linearity. The 


linearity in one group is in the direction of NE-SW that, the other groups are approximately in N-S 


direction. We can say that the linearities in NE-SW direction, are compatible with the faults in the 


active tectonic structure of the region. Due to some small linearity, it is considered that there are crack 


on the sea base. The structural linearities establishing the basin structure in seismic sections have 


been repeated in sonar views. Other than these, there are from place to place sediment deposits and 


small rock parts have been observed. The effects of the artificial items are also available in the 


displays (pier). It is considered that these items occurred throughout the past geological periods and 


effected the neogen formation also, do not have a significant factor in the survey area. In general, it 


can be seen obviously that the sea base is affected from the current sediments and existence of the 


regional deposits occurrence over bottom topography. But, these are not in the type of preventing the 


studies in the survey area. Within the project area, no rocky formation has been met at the sea bottom. 


Within the project area, a 1natural” formation that shall harden the working conditions, an immediate 


height or gas outlet has not been met. Side scan sonar data and evaluationa are given in the following 


figures.  


 


When the analysis, conducted over the 9 sediment samples, taken to determined the current sediment 


distribution, is taken into consideration, it has been detected that low plasticity clay formation in the 


general of the region has an important place; in the north part, a surface layer with high sand ratio has 


been detected. 
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EXECUTIVE SUMMARY 


1. INTRODUCTION 


STAR Rafineri A.Ş. (STAR), formerly known as SOCAR&TURCAS Rafineri A.Ş. (STRAŞ), is planning 
to build an oil refinery named Aegean Refinery (“STAR”, “the Project”) with the capacity of processing 
10 million tons crude oil per year in Aliağa Town of İzmir Province, on the Aegean coast of Turkey.  


The proposed Project Site is located at an industrial district and on the land of Petkim Petrokimya 
Holding A.Ş. (majority shares owned by a separate subsidiary of STAR). The Project Site is adjacent 
to the present Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum Refinery.  


STAR Refinery Marine Terminal is planned to be constructed and operated in the scope of STAR 
Project. The marine terminal will allow unloading (import) of crude oil and loading (export) of multiple 
products including LPG, jet, diesel, reformate, sulphur and xylenes. Considering variability of the 
products, multiple jetties are required in the terminal.  


At present, four separate jetties are planned. Each of the jetties will allow double sided berthing of 
tankers. While three jetties will be for liquid handling, one jetty will be for bulk cargo EIA to bankable 
ESIA in compliance with IFC requirements. The local EIA included Phase I(Jetty I and Jetty II) STAR 
Refinery Marine Terminal and was completed in accordance with Turkish Legislation. The marine 
terminal impact assessment as part of the current ESIA considered Phase I (Jetty I and Jetty II) and 
Phase II (Jetty III and Jetty IV). 


Golder Associates S.r.I (Italy), together with its subcontractor Golder Associates Ltd. Şti. (Turkey) 
(“Golder”) was contracted by STRAŞ in July 2010 to conduct an Environmental and Social Impact 
Assessment (“ESIA”) Study along with international requirements for the Aegean Refinery part of the 
Project. This scope of work was completed in May 2011. In October 2011, existing contract was 
amended to include the STAR Refinery Marine Terminal activities (jetty extension). 


The complete ESIA study was to be based on the studies conducted during the Local EIAs, but 
upgraded along with the requirements of International Financing Agencies, particularly requirements of 
Equator Principles, EU legislation and IFC.  


The scope of work for this ESIA included the following: 


1. Gap Analysis for the Local EIA and Detailed Scoping for the ESIA 
• Preliminary Document Review 
• Site Visit 
• Detailing of ESIA Components  - Scoping Report  


2. Additional Baseline Studies 
• Environmental baseline (on-site air and noise measurements, and literature surveys)  
• Social baseline (on-site social surveys for stakeholders, industries, community, etc) 


3. Preparation of ESIA Report 
• Analysis and assessment of environmental and social impacts 


- Upgrading of the present impact assessments in the Local EIA to the requirements of 
Equator Principles, EU legislation and associated IFC performance standards 


- Additional impact analysis and assessments, where required 
• Identification of mitigation measures for the potential impacts 
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• Assessment of residual impacts after mitigation 
• Assessment of cumulative impacts of the Project, third party/contracted services and 


other foreseen projects in the region. 


4. Preparation / Upgrading of Environmental and Social Action Plans 
• Environmental and Social Management Plan (action and monitoring) 
• Public Disclosure and Consultation Plan 
• Emergency Response Plan 
• Closure Plan 


5. Stakeholder Engagement Meetings  
• Second round public hearing. 


The preparation of the ESIA package for the refinery and the jetty extension has been started in 
accordance with then available IFC standards of 2006. Reference has been made in this ESIA 
package to 2012 version of IFC standards. Extensions and additions to ESIA documentation have 
been prepared to ensure the full compliance with the IFC 2012 amendments and additions to the 
performance standards: 
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2. PROJECT DESCRIPTION 


2.1. Overview 


Primary goals of the Project are summarized below: 


• To ensure the continuity of supply for Petkim Petrochemical Complex by meeting the raw 
material demand in an economic and reliable manner; 


• To produce middle distillate fuels (Ultra Low Sulfur Diesel and Jet Fuel) for the domestic market 
which is currently experiencing a vast amount of supply deficiencies; 


• To create additional synergy by establishing Refinery - Petrochemicals integration; 
• To add value for national economy through production, trading, employment, logistics, etc.; 


and 
• To contribute reduction of the foreign trade deficit of the country. 


Main products of the STAR Project are Naphtha, LPG and Mixed Xylenes that would meet the raw 
material needs of Petkim and the products Ultra Low Sulfur Diesel (ULSD), Jet Fuel/Kerosene, 
Petroleum Coke and elementary Sulfur that would be introduced to both domestic and international 
markets.  


Petkim’s existing water facilities will be used to provide service and support for the STAR Project. The 
capacity of these facilities will be increased where necessary. 


The impact assessments in this upgraded ESIA were mainly based on the Project assumptions, 
investigations and calculations/analysis done by the Local EIA. The Local EIA of the Refinery was 
based on the Project characteristics according to the preliminary Conceptual Design in early 2009. 
The Local EIA for the marine terminal (two jetty facilities) was on the basis of Conceptual Design in 
2011. As of the draft completion date of this ESIA Studies, the Feed Engineering Design studies were 
still ongoing.  


The Project was designed with the state-of-the-art processing technology that is economically viable 
and environmentally sustainable. Environmental protection, reliability and process safety by the 
Project design, and social welfare and participation in construction and operation stages will be 
incorporated. Equipment will be selected to meet internationally acknowledged design codes and 
standards, and quality safety features will be included in all aspects of the Project operations. 


The Project Site has been mapped out within the confines of the existing Petkim process area and 
tank farms. Petkim’s existing raw material (Naphtha) and fuel oil tanks presently at the Project Site will 
be demolished by STAR Project. 


Moreover, Petkim plans to shut down Platformer and Tatoray units of its Aromatics complex as STAR 
starts to provide feedstock (Mixed Xylenes) to the Aromatics. Both of these technologically obsolete 
units create significant barriers for sustainable operations of the entire Aromatics production. In 
addition to provision of reliable and economics feedstock from STAR to the Aromatics, demolishment 
of these units will spare space for future expansions of the complex through state-of-the art 
technologies, and will further boost the performance of the entire complex. The existing emissions 
from these units are quite critical for human health and flora and fauna in the region.  
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Shut down of these units will result in a considerable reduction in VOC and CO2 emissions with the 
replacement of the state-of-the art technologies in STAR. Vapour Recovery Unit (VRU) will be installed 
for the recovery of volatile organic compound emissions generated by ship loading in STAR Refinery. 


It is predicted that Detailed Engineering/Procurement/Construction (EPC) period including 
commissioning and start-up activities for the Project will be 3.5-4 years. Operating period of the Project 
is expected to be 49 years. This period of service life can be extended by maintenance and renewal.  


2.2. Project Location and Regional Characteristics 


The Project Site is located at Aliağa Peninsula that is surrounded by Aliağa Town at east, Aegean Sea 
at west, Nemrut Bay at south and Aliağa Bay at north. The Peninsula hosts Petkim facilities, Tüpraş 
İzmir Refinery, a number of deep sea port facilities, jetties, oil terminals and ship breaking facilities. 
The Projects Site is bordered by the Petkim facilities at east and south, and Tüpraş İzmir Refinery at 
east and north. Several ship breaking facilities exist at the northwest of the Peninsula. Aliağa Town 
center is located at some 5 km to the east of the Project Site. 


The land at which the Project Site is located is an industrial zone as per the 1/5,000 scaled regulatory 
development plan approved by the Ministry of Public Works and Settlement on September 18, 1985. It 
is located outside of forestland according to Izmir Provincial Directorate of Urbanization. Having Aliağa 
Town at 5 km to the east, the closest settlements to the Project Site are Petkim and Tüpraş 
lodgements at ~2.5 km southeast and east, respectively. A number of summer houses and beaches 
are located to the north of Aliağa Town and Aliağa Bay, and far south to the Project Site at southern 
coasts of Çandarlı Gulf, close to New Foça Town. 


As in the case in many sites in the Aegean Region of Turkey, Aliağa has been settled since ancient 
times. Kyme antique site of 3rd degree protection is located at ~5 km southeast to the Project Site. No 
environmentally protected area exists in the vicinity.The total project area is 210 ha.  


2.3. Utilities and Services 


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders.  


3. ANALYSIS of PROJECT ALTERNATIVES 


3.1. Evaluation of the Site and Technology Alternatives  


The analysis of project alternatives that was initially done for STAR focused on technology alternatives 
plus site selection.  


3.2. Site Selection 


Several conceptual criteria were identified during the site selection studies for the Project. The main 
criteria for site selection are as follows: Proximity to Petkim facilities; opportunity of connecting to 
utilities and services through Petkim; land ownership status; land use status; economic feasibility; 
environmental characteristics of the site (ambient air quality, etc.); topographic, geologic and seismic 
characteristics of the site; and accessibility to transportation facilities.  


The following requirements were considered for selection of the Project site.  
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• Reliable and economic supply of raw material to Petkim. 
• Availability of required infrastructures including energy, water, and port. 
• Transfer of several by-products s to Petkim. 
• The advantageous location of Aliağa County in terms of its proximity to the major 


consumption regions of Turkey and Europe, since some portion of the products is 
anticipated to be exported to MED Market.  


As a number of utilities and services will be supplied by the nearby Petkim facilities, no additional 
analysis of alternatives was conducted. Presence of land, power generation, port facilities and liquid 
and solid waste disposal plants make the selected site’s location unique for Sponsors whose ultimate 
objective is providing reliable and economic feedstock to Petkim. 


3.3. Technology Selection 


Refinery configuration and unit processes were selected based on the criteria specified as follows: 
Maximum naphtha and petrochemical feedstock production; Maximum middle distillates (jet 
fuel/diesel) production; No gasoline production; and no fuel oil production. 


The primary design requirement of STAR is achieving the maximum middle distillates production after 
processing vacuum gas oil in the Hydrocracker unit (HCU). A Continuous Catalytic Reformer (CCR) 
was included in the analysis so as to maximize the petrochemical feedstock production. Fluidized Bed 
Catalytic Cracking (FCC) unit option was excluded from the analysis of alternatives due to the 
minimum gasoline requirement. 


The following alternative technologies were evaluated for upgrading of the bottom residue to more 
valuable white products: Visbreaking; Solvent Deasphalting; Delayed Cooking; and Residue 
Hydrocracking. 


Each alternative configuration with abovementioned technologies was evaluated with a linear 
programming model and assessed by using different types of crude oil and product price projections.  
In conclusion, the Hydrocracking and Delayed Coking technologies along with a high severity 
Continuous Catalytic Reformer have been selected amongst the other alternatives because such 
configuration offers the shortest payback period and the petrochemical feedstock/middle distillates 
maximization supports the strategy of fuel oil and gasoline minimization.  


3.4. No Project Alternative 


If the Project is not developed, both the positive and negative impacts of the Project will be eliminated. 
The positive local, regional and national economic effects of the Project will occur over a long period of 
49 years (construction and operations), with the potential to extend benefits past that time due to plant 
improvements. Planning has emphasized integration of the Project with Petkim’s adjacent 
petrochemical complex, with mutual benefits for both companies through exploiting economies of 
scale and scope. In addition, the Project has committed to involvement in future regional 
environmental monitoring and consultation to ensure that cumulative effects from industry in the Aliağa 
region are understood and enable the Project to apply necessary mitigations during all phases of the 
Project life cycle.  


STAR believes that successful implementation of environmental and social mitigations and monitoring 
listed in this ESIA will result in a net positive outcome from the Project (See The Cost-Benefit Analysis 
for more details).  
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4. STAKEHOLDER ENGAGEMENT 


The first round public hearing meetings for Aegean Refinery and Star Marine Terminal (as part of 
Petkim Port Extension) were held during the local EIA process following the submission of the EIA 
Application Reports for individual EIA processes of The Refinery and the Terminal to MoEU and 
formation of an EIA Committee by the Ministry. 


In addition, two separate second round public hearing meetings sessions were organized for Aegean 
Refinery and STAR Marine Terminal projects in order to satisfy Equator Principles, EU legislation and 
IFC Performance Standards. 


Public announcements were made on a nation-wide published newspaper as well as a local 
newspaper a week before the meeting dates. Official invitations were sent to Governmental Authorities 
and related stakeholders. 


Full EIA Report was published at the former MoEF and MoEU web site before finalization of each local 
EIA Report and development consent, along with the requirements of EIA Regulation. 


5. OBJECTIVES and COMPONENTS of the ESIA 


An ESIA evaluates a project's potential environmental risks and impacts in its area of influence; 
examines project alternatives; identifies ways of improving project selection, siting, planning, design, 
and implementation by preventing, minimizing, mitigating, or compensating for adverse environmental 
impacts and enhancing positive impacts; and includes the process of mitigating and managing 
adverse environmental impacts throughout project implementation.  


ESIA takes into account the natural environment (air, water, and land); human health and safety; and 
social aspects (involuntary resettlement, indigenous peoples and cultural property). ; ESIA considers 
natural and social aspects in an integrated way.  


It also takes into account the variations in project and country conditions; the findings of country 
environmental studies; national environmental action plans; the country's overall policy framework and 
national legislation; the project sponsor’s capabilities related to the environment and social aspects, 
and obligations of the country, pertaining to project activities, under relevant international 
environmental treaties and agreements.  


This ESIA for STAR Project is guided by both Turkish environmental and social laws and regulations, 
and international standards such as Equator Principles, EU legislation and IFC Performance 
Standards and EHS Guidelines relevant to the Project. IFC Performance Standard 1 (IFC 2012) lists 
overall objectives for an ESIA, including: 


To identify and evaluate environmental and social risks and impacts of the project. 


• To adopt a mitigation hierarchy to anticipate and avoid, or where avoidance is not possible, 
minimize,5 and, where residual impacts remain, compensate/offset for risks and impacts to workers, 
Affected Communities, and the environment. 


• To promote improved environmental and social performance of clients through the effective use of 


management systems. 


• To ensure that grievances from Affected Communities and external communications from other 
stakeholders are responded to and managed appropriately. 
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• To promote and provide means for adequate engagement with Affected Communities throughout 


the project cycle on issues that could potentially affect them and to ensure that relevant environmental 
and social information is disclosed and disseminated. 


A Conformance Table to Equator Principles, EU legislation and IFC Standards for this ESIA is 
provided as an Annex to this Executive Summary. 


Main components of the assessment include: 


• the potential environmental and social impacts of the Project throughout the full development 
cycle – construction, operation, closure and post-closure; 


• a stakeholder engagement plan to ensure that local communities and other key stakeholders 
are informed of the Project and have an opportunity to express their opinions concerning the 
Project; 


• proposed mitigation activities to minimize adverse environmental impacts; 
• the nature and significance of residual impacts (those adverse impacts that occur after 


mitigation has been applied) and ongoing monitoring and environmental management plans to 
address these;  


• an assessment of cumulative impacts; 
• a closure plan to ensure that proper reclamation and rehabilitation of the site occurs after STAR 


ceases operation; and 
• a social management plan to maximize benefits to the local community and promote a 


sustainable economy. 


6. ENVIRONMENTAL and SOCIAL IMPACT ASSESSMENT 


METHODOLOGY 


6.1. Utilized Information and Additional Investigations 


The ESIA used the baseline information and calculations / modeling results of the Local EIAs prepared 
for Turkish legislation.  


Impact assessment was performed for key issues for each ESIA component (discipline). The common 
impact assessment methodology consists of five main steps: 


• identification of Project activities that could contribute to environmental or social change; 
• evaluation of the potential effects; 
• description of mitigations for potential effects; 
• analysis and characterization of residual effects; and 
• as necessary, identification of monitoring to evaluate and track performance. 


The impact assessment criteria have been developed separately for each discipline. The assessment 
criteria in general are: 


• Type of impact (positive – negative) 
• Magnitude of the impact (negligible – low – medium – high; different definitions for each 


discipline) 
• Geographical distribution of the impact (local / Project Site) -  regional / Aliağa – larger than 


regional) 
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• Duration of the impact (short term / construction phase – mid term / operation phase – long 
term / post-operation) 


• Reversibility of the impact (yes or no) 
• Frequency of the impact (low – medium – high; different definitions for each discipline) 


The ESIA used the following tools and procedures to analyze and address potential effects: 


• quantitative and qualitative information on the existing baseline environmental and 
socioeconomic conditions; 


• predictive tools (calculations, models) and methods to quantitatively and qualitatively describe 
future environmental and socioeconomic conditions; 


• quantitative and qualitative evaluation of the environmental consequence of potential effects, 
including reference to management objectives, baseline conditions and the views of the 
proponent and stakeholders; and 


• characterization of potential residual effects after mitigation and their consequences for people 
and the environment. 


7. IMPACT ASSESSMENT RESULTS 


7.1. Physical Components 


7.1.1. Geology and Topography 


The elevation of the Refinery Project Site varies between 15  m and 80 m above sea level and the 
average level of the site is 50 m. Altitude of the Project Site rises from the sea to the south and from 
the adjacent Petkim facility area to the east-southeast. The Project Site is located on young volcanics 
observed at local sites of the Aegean coastline and located at the 1st Degree Earthquake Zone with 
the highest earthquake risk. 


There exists İzmir flysh which is created from intercalation of recrystallized, limestone blocked schist 
and meta-sandstone at the lowermost part in region. Yellowish, beige colored Soma Formation 
consists of sandstone, siltstone, clayey limestone and fine limestone. Tuffite and different type of 
volcanoclastiks that show volcanosedimanter character are placed at the uppermost level in this 
formation. 


Aliağa volcanites exist over the Soma formation by angular unconformity. In middle Miocene, andesite 
lavas interfingered pyroclastiks which is called Aliağa pyroclastiks are created. Although Aliağa 
pyroclastik has acidic tuff, weathered tuff, pyroclastik rock and altered pyroclastik rock in explosive 
phase, it has volcanites coming from lava flow such as pyroxene andesite and perlite in extrusive 
phase.  


7.1.2. Natural Hazards 


For the purposes of this ESIA, the focus of the assessment of risks form natural hazards was on 
potential impacts to the environment and public safety. The area of focus is the immediate vicinity of 
the Project Site. However, data from a much wider area were used to assess natural risks associated 
with seismic events. The Project Site is located within a first-degree seismic zone and is shown on the 
active fault map of Turkey. A seismic hazard study was performed previously to examine the 
seismicity status of the Project Site. There are not any permanent streams in or close to the Project 
Site, whereas very low flow drainage systems may occur falling from the hill on north side of the 
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Project Site. These drainage systems can be observed during excessive precipitation and during 
short-term flows after melting snow occurs. However the low flows from these drainage systems will 
not cause flood events. As the Project is located uphill from the sea level there is no risk of sea 
flooding.  


7.1.3. Soils 


Overall Project Site is identified as industrial land in the Regional Development Plan. Three major soil 
groups were identified in the soils Local Study Area (LSA). The largest soil group is “brown forest 
soils” that is observed at southeast, south and west of the LSA. Another large soil group is “non-
calcareous brown soil that is observed at eastern and central parts of the LSA where the majority of 
the Project Footprint is located. A smaller area at southeast of the LSA is “colluvial soils” group. Three 
classes of land use capabilities were identified in the LSA. The majority of the soils are class VI that is 
not suitable for agriculture. The second class is class IV that is suitable only for a few crops with 
special processes. The smallest is class I that is suitable for agriculture. For more than half of the LSA 
no data is provided in the source maps.  


7.1.4. Hydrogeology and Groundwater Quality 


The LSA for hydrogeology and groundwater quality comprises the Project Site. Relevant hydrogeology 
and groundwater data were also obtained for a wider area to put the LSA information in perspective. In 
the Geological-Geotechnical Survey Report, groundwater level was measured by boreholes and it was 
noticed that ground water levels varied between 3.50 m. and 6.20 m.  


Considering the soil profile and water levels, it was decided that there is no static water level in the 
research area. However, it should be considered that measured groundwater levels might be affected 
owing to boring circulation water. To determine the existing groundwater quality and levels of potential 
existing contamination in the LSA, groundwater samples were taken in April 2009 from two separate 
monitoring wells located up-gradient and down-gradient of existing naphtha tanks. Groundwater 
samples are included in class 3 groundwater which is low quality that can be used only through a 
proper advanced treatment with respect to Turkish standards. In one of the samples Arsenic and in 
the other Xylene, Chrome and Arsenic values exceeded optimum limits. However, it is believed that 
arsenic can naturally be found in the groundwater. 


Arsenic and Chromium do exist naturally in soil and groundwater in parts of Turkey as a result of the 
alteration process near the surface of volcanic rock of the rocks. This is predominantly the case in 
Anatolia. 


Xylene does not occur naturally. The concentration observed should be linked to an accidental release 
of petroleum hydrocarbons to the environment. The concentration observed could be linked to refinery 
activities.  


7.1.5. Hydrology and Surface Water Quality 


The study area for hydrology and surface water quality covers the Project Site and immediate 
surroundings. No stream or any other surface water body exists in the Aliağa Peninsula and in the 
Study Area. The closest stream is Güzelhisar Creek which is approximately 15 km away. The only 
ephemeral surface waters in the Study Area are small natural drainages from the hills to the west of 
the Petkim Property, where naphtha storage tanks are located. The naphtha tanks area is within the 
Project Site and the tanks will be demolished for the Refinery. These drainage beds are dry in dry 
season and they transmit some amount of water in fall season and during heavy rainfall and snow 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 
 


 


1013160211-ESIA-Final ES-8  
 


melt periods. Discharges of the drainages adjacent to Petkim property have been diverted to Petkim 
interception channels that discharge to the sea. Flood risk of these small drainages is considered 
under Natural Hazards.  


There is no freshwater surface water body in the Study Area and the few potential drainage lines are 
already linked to Petkim’s water management ditches. Erosion control measures during construction 
are described in Soils section. Potential impacts to the marine environment during construction and 
operations are assessed in Sea Water Quality. No impacts will be generated by the Project on surface 
waters.  


Water will be supplied by Petkim from Güzelhisar Dam as a third party service. Güzelhisar Dam is 
over 15 km location to the Project Site and the associated potential impacts are discussed in 
Cumulative Effects Assessment. 


7.1.6. Sea Water Quality 


The Project Site is located adjacent to the inland side of Petkim property, less than 1 km from the 
coast at its closest point. Treated / processed waters and wastewaters of the Project will be 
discharged to the sea. Hence, the study area covers the Project Site and sea coasts of Petkim. 


The Risk Assessment and Emergency Response Plan for Petkim Port has been completed in 2008 
along with the requirements of “Law on Principles for Emergency Response and Compensation of 


Losses in Pollution of Marine Environment by Petroleum and Other Hazardous Substances - No.5312” 
and of “Regulation of Implementation of the Law on Emergency Response and Compensations on 


Marine Pollution by Petroleum and Other Hazardous Wastes”. In the scope of the study, 
environmental characteristics of the subject area have been investigated and a marine water quality 
analysis was conducted. It is reported that 9 samples were collected from sea water at and around 
Petkim Port in November 2007 and analyzed for physical, chemical and biological characteristics.  


Moreover; hydrographic and oceanographic investigation and sea water oceanographic parameters 
measurements; sea bottom sediment analysis, sediment transportation and sand deposit model; and 
sea bottom sonar studies and seismic measurements were completed. 


A preliminary design has been prepared for the Petkim Port extensions and an EIA Report was 
completed in 2010. Some additional facilities were planned after the EIA Decision and another 
application was done to MoEU which includes two jetties of STAR Marine Terminal. EIA Positive 
decision was obtained in the beginning of 2012. It is reported that 4 samples were collected from sea 
water for each EIA studies on March 05, 2010 and April, 05, 2011 and analyzed for physical, chemical 
and biological characteristics. 


7.1.7. Physical-Chemical Properties of Marine Water 


It is well known how physical components of any environment are strictly connected to the biological 
components. In the scope of assess the potential impact of the Project, three main themes have been 
focused in order to recognize baseline environmental conditions and evaluate the potential impact of 
the construction operation that in turn can influence biological features: 


• Seawater physic-chemical characteristics 


• Seafloor features 


• Coastal Geomorphology and Marine Currents 
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Data used in the present document steam from:  


• The surveys carried out from 2008 to 2010 in the context of the Project studies made by local 
companies, local experts and Turkish Universities; and  


• The bibliographic research made by Golder in 2011-2012.  


What effects will discharging construction camp effluents have on sea water quality? 


7.1.8. Marine Seafloor 


Seafloor is the basic physical layer on which marine biological components take place. Recognize and 
study this component and the equilibrium between seafloor and other phenomena linked to it, play a 
key role in the correct actual and future impact assessment. 


Data relevant to the marine seafloor of the LSA steam mainly surveys carried out by a company 
specialized in environmental survey called Denar, in the context of the Project studies (DENAR a - 
Annex 8 to Petkim Port EIA Report and DENAR b). 


7.1.9. Costal Geomorphology and Marine Currents 


General geomorphologic description is given starting from the observation of the territory together with 
some scientific literature information. 


Current regimes have been evaluated by ADCP (Acoustic Doppler Current Profiler) measurements in 
the same periods of the CTD data collection (January 2008, December 2010 and September 2010) 
and in the same locations (DENAR a - Annex 8 to Petkim Port EIA Report). 


Sediment transportation is basically determined by the wave climate and its interaction with seabed 
and coast shape that form long-shore currents. Modelling has been calculated starting from a wave 
climate study that is derived from the wind regime (long-term records at Aliağa meteorology station). 
The study is been carried out by the Gazi University Marine Sciences Research and Implication 
Center within the Project studies (Balas, 2008). Sediment transport and sandblasting model.  


Using this data, breaking heights, depths and angles of the offshore waves coming to the project area 
have been calculated and hence, also taking into consideration the possibilities of wave generation, 
the annual transport amount of solid matter according to the directions. 


7.1.10. Climate and Meteorology 


The subject area is classified as a low-precipitation area in the Mediterranean Basin. The 
Mediterranean climate is characterized by warm to hot, dry summers and mild to cool, wet winters. 
The precipitation regime in the area is central Mediterranean precipitation regime. In this type of 
precipitation regime, an area receives rainfall mostly in fall and winter while summer is the driest 
season. In the assessments, precipitation data recorded by Dikili Meteorological Station between 1975 
and 2008 was used. Annual average amount of precipitation at the area is 565.3 mm.  


Maximum amount of precipitation was observed in December (108.9 mm) while minimum amount was 
observed in August (2.1 mm). Maximum amount of daily precipitation was recorded in January (117.0 
mm).  


According to measurements done by Dikili Meteorological Station between 1975 and 2008, prevailing 
winds within the year are east-southeast (ESE) directed (26.6%) and average wind velocity for this 
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direction is 1.74 m/s. The strongest wind is southwest (SW) directed with 31.0 m/s and observed in 
November. Annual average relative humidity is 73%, and the minimum relative humidity is 2%, 
according to Dikili station data. Average number of snowy days is 0.12 and maximum snow depth is 4 
cm and it was observed in December. Maximum foggy days are observed in October with 0.04 
average days; maximum hails was recorded in January, February, November and December with 0.12 
average days, maximum frosty days was observed in January with 4.1 average days and maximum 
amount of thunderstorm was observed in January with 1.85 average days. 


7.1.11. Air 


Air impacts are one of the major potential impacts of refineries due to high emissions from power 
generating units, the number of thermal refining processes, and fugitive emissions from storage units, 
uncovered units and pipe-fittings. Although the Regulation on Industrial Air Pollution identifies a 
smaller study area, the Local EIA study chose a large study area to assess the potential impacts in the 
identified impact area as well as in the broader Aliağa Region. The study area included a 20 x 21 km 
area, the Project Site being at the center. In this ESIA report, the same area is used as Local Study 
Area so that all available data  from the Local EIA can be utilized maximally. The local EIA included air 
quality modeling with the use of preliminary design data. In October 2012 an air quality modeling  has 
been prepared by a consultant of STAR Refinery A.S. In the assessment of the impacts on air, the 
results of this air quality modeling has been used in this ESIA report. 


7.1.12. Noise and Vibration 


The closest settlements to the Project Site, where there are potential of disturbance due to noise 
effects, are the lodgments of Petkim located at 2.3 km to the east-southeast of the Project Site and the 
lodgments of Tüpraş Refinery located approximately at 2.5 km to the east of the Project Site. The 
Project Site is classified as a receptor within “industrial areas” in Turkish limits and within “Industrial; 
commercial areas” in IFC limits. Petkim lodgments are classified within the “areas where commercial 
buildings and noise sensitive areas are located but residential houses are densely located” in Turkish 
limits and within “Residential; institutional; educational areas” in IFC limits. 


7.1.13. Traffic 


The land traffic in the construction phase is generated by the machinery, equipment, material and staff 
to be transported to the Project Site.  Existing roads will be used for transport outside the Project Area. 
The main existing access roads to be used for the Project are D550 highway, connecting Aliağa-
Çanakkale and Aliağa-Izmir state highway and Necmettin Giritlioğlu Street connecting D550 highway 
to the Project Site. Effects on traffic along these local routes are assessed further. Both D550 and 
Aliağa-Izmir highways are two-lane, paved roads in good condition.  


During the construction and operation period of the Project the existing roads will be used. However, 
the roads in the Project site will be constructed with geogrid material laid on 200 mm pebbles and will 
have 8.5 meter width including 2 meter bands on both sides. The double-line asphalt of 150 mm will 
be tarred on the geogrid material. These implementations will be carried out in coordination with the 
related regional offices of the Directorate General for Highways. On-site roads will be constructed 
within the Project area.  


7.2. Biological Components 


7.2.1. Terrestial Flora  







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 
 


 


1013160211-ESIA-Final ES-11  
 


The Flora LSA comprises the Project Site plus a 1 km buffer, deemed appropriate to include main 
impacts from air emissions. However, as noted below, additional impact assessment also occurred in 
the wider air quality assessment area. Field studies were centered on the LSA. As part of the Turkish 
EIA process in 2008, literature research and field observations took place to document habitat types 
and species present, or which could be expected to be present, in and nearby the Project area. A 
second field visit by an ecologist to the Project Site and nearby areas took place on August 18th 2010, 
as part of an additional biophysical scoping visit. In addition, flora studies took place in April 2010 in 
the Seyirtepe area, which just south of the Project Site in the LSA, as part of the Petkim Port 
Extension EIA. The flora species list from that study was compared to those for the Project and 
additional species and their listed status noted. 


7.2.2. Terrestrial Fauna  


Studies on fauna of the Project Site and its immediate surroundings have been supported by literature 
research. Potential issues associated with flora have been determined based on consultation 
(Volume A) and a professional review of the potential effects of refinery development on the specific 
conditions present in the Project area. These issues are: 


• Construction of the Project will involve clearing of land areas for the refinery and other 
infrastructure. This clearing will result in an impact to some wildlife habitat in the short to 
medium term. 


• The Project could directly or indirectly impact valued species, including endemic or listed 
(IUCN red list) species and forest resources. 


7.2.3. Marine Flora and Fauna 


The marine flora and fauna Local Study Area (LSA) investigated during the field work has been based 
with an assessment of the spatial extent of the footprint and an associated buffer that includes 
potential additional effects on the marine fauna. In particular, the LSA comprises the Project site plus a 
surface of about 4.5 km2, which means a coastal stretch buffer of about 4.5 km extending about 1 km 
seawards. 


In order to assess the potential broader or regional cumulative effects deriving from the Project, and to 
correctly assess the importance and role of the biological components living in the LSA, a Larger 
Geographic Area (LGA) has been analyzed as well. This larger area corresponds to a stretch of coast 
from the Gulf of Izmir (about 35 km south of the Project area) and the city of Dikili (about 30 km north 
in a crow line from the Project Area). The LGA components will be described on the basis of available 
literature and database. 


7.2.4. Biodiversity and Protected areas (Freshwater) 


With respect to protected areas, the natural parks, wetland areas, natural monuments, natural reserve 
areas, wildlife protection areas, areas for raising wild animal, cultural properties, natural properties, 
archeological and protected areas, the areas protected under Boğaziçi law, bio-genetic reserve areas, 
biosphere reserves, specially protected environment areas, specially protected areas, protected areas 
concerning drinking and use water, tourism areas and centers, and other protected spaces their 
distances of these to the LSA were considered for the baseline evaluation. For biodiversity, 
consideration was given to see if potential impacts to biodiversity might exist, in addition to those 
considered separately under the ecological disciplines of flora, fauna and aquatic ecology. 


7.2.5. Marine Habitats and Biodiversity  
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Based on available data from previous side scan sonar surveys (Source: TRSIM Mühendislik 
Danışmanlık Eğitim Yazılım Sanayi ve Ticaret Limited Şirketi  Izmir Province Nemrut Gulf 
Oceanographic, Geophysical, Geophysical and Geological Evaluations Report), the LSA sea floor 
seems to be mainly characterized by the presence of soft substrata with a few isolated hot spots of 
hard substrata. 


As previously described, with the intent to determine the marine habitat and biodiversity extending 
over the LSA and its surrounding, a field survey was conducted from 16th to 20th January 2012, which 
focused, among others, on the visual inspections of seafloor features and marine biocenosis 
colonising the bottom. 


7.2.6. Marine and Coastal Protected Areas 


With respect to marine and coastal protected areas, the baseline evaluation considered natural parks, 
wetland areas, natural monuments, natural reserve areas, wildlife conservation areas, specially 
protected environment areas, and their distances from the LSA. 


7.3. Social Components 


7.3.1. Socio-Economics 


The LSA for the social impact assessment is defined as Aliağa District. The socio-economic survey is 
designed to collect regional socio-economic baseline information for realistically identifying the scale 
of potential negative and positive social impacts of the Project, as well as to collect local community’s 
perception and potential reactions towards the Project.  


Key issues for the Project are related to employment. The Project is located near existing industrial 
facilities so there are relatively limited new impacts due to the historical development of heavy industry 
in the LSA.  


7.3.2. Human and Ecological Health Risk Assessment 


The study area encompassed the same areas identified within the biophysical assessment which may 
potentially be influenced by the refinery development.  


Current ambient air quality guidelines with respect to human health are being met in the areas outside 
of Petkim and nearby industrial sites. However, the measured present values exceed the future target 
limits for SO2, PM10 and VOC. The concerns regarding air quality and health risks were a main finding 
of stakeholder engagement during field social survey and final consultation on this ESIA’s results. 


7.3.3. Archaeology and Cultural Resources 


The LSA used for the archaeology and cultural resources impact assessment comprises the Project 
Site. However, known sites of interest were also searched for within an approximate 10 km radius. No 
historical or cultural resources or pieces were observed during the site visits to the Project Site.  


The Aegean Region of Turkey is rich in historical and archaeological sites dated to ancient times. 
There exist a number of archaeological and historical sites within İzmir Province. Located at the east 
coast of the Nemrut Bay, approximately 8 km southeast of the Project Site, the only known 
archeological and cultural property in Aliağa region is Kyme antique city. Kyme is registered as a third 
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degree archaeological site. Third degree archaeological sites are the archaeological sites on which 
can be allowed modifications in line with the decisions taken by authorities.  


Archaeological digs are ongoing at the site. The site is made up of ten parts and some parts are now 
submerged under the sea. Kyme might be impacted from the project emissions during the operation 
phase.  


7.3.4. Visual Aesthetics 


During the site visit, it was observed that visual aesthetics impact will possibly not be an issue for the 
closest settlements to the south as the distance is over 8-10 km (summer houses near Yeni Foça). 
Observations were made during the Site visit and photographs were taken from Aliağa Town and Yeni 
Foça Town.  


7.4. Cumulative Affects Assessment 


For cumulative effects to occur, residual impacts from the Project need to overlap with residual 
impacts from other foreseeable projects. Because of this for biophysical impacts, the largest potential 
impact area is used for the CEA that being the air quality study area. For social disciplines, a hierarchy 
of areas is considered as has been done for the socio-economic impact assessment. The CEA first 
considers potential cumulative effects from third party project activities, then from other foreseeable 
projects in the study area,  


7.4.1. Water Supply 


It’s predicted that no additional transmission line will be needed between Güzelhisar Dam and Petkim. 
Petkim will transfer the water to the Project Site through a new transmission line to be constructed for 
the Project. The transmission line will be constructed with the other infrastructure systems for the 
Project, hence the construction phase impacts were already considered in the scope of the Project’s 
construction phase impacts. No additional impacts are envisaged associated with the water supply for 
the Project. Based on the above assessment, and considering results from the Project assessment, it 
is concluded that the Project impacts do not have the potential to combine with water supply impacts 
to produce higher levels of environmental consequence than those predicted for the Project alone. 
Thus no additional mitigation is required to consider potential cumulative effects.  


7.4.2. Electric and Steam Supply  


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders. There will be a 
boiler unit. The objective of the Boiler Feed Water Unit is to produce and distribute BFW of a quality  
level that is required by its specific users.  The capacity of the BFWU to be defined by the bidders 
considering refinery consumption. Estimated design capacity of the unit is 280 t/h. 


7.4.3. Jetty Activities 


The operational stage of the STAR Marine Terminal Project will increase the marine traffic. Although 
petrochemical feedstock output of the Refinery will be sent to Petkim to be used as raw material, the 
excess products will be partly transported via marine line.  


Potential issues associated with the construction of Terminal units and with the operation of these 
units are listed below:  
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• Construction of the Terminal will involve additional poles, docks and jetties to be constructed and 
will result in a disturbance for the living forms due to the physical activities, noise etc as well as 
changes in sea water quality. 


• Increased marine traffic will involve changes in the sea water quality and will increase the amount 
of wastes / waste waters received from the ships.  


7.5. Potential Cumulative Impacts with Other Expected Projects in the Region  


7.5.1. Planned Projects in the Region 


A number of new industries are planned in Aliağa region. Contribution of the Project to air pollution 
and associated environmental consequences will be in low levels, with the implementation of required 
mitigation measures. However, there is a high potential for cumulative air quality impacts to occur 
between the Project, its third party services and foreseeable additional projects in the Aliağa region. 
Rather these results emphasize the need to proceed in an integrated way with other industries, 
government and stakeholders, in undertaking a definitive regional long term monitoring program to 
describe regional baseline air quality using continuous measurement devices. 


8. ENVIRONMENTAL and SOCIAL MANAGEMENT SYSTEM and PLAN 


8.1. Management Plan Structure 


Environmental and Social Management Plan (ESMP) for the Project will be facilitated by Project-
specific Environmental and Social Policies including overall principles towards environment, 
biodiversity, labor, health and safety, and public health issues. The ES policies and ESMP will ensure 
that the Project: 


• complies with all applicable Turkish legislation as well as Equator Principles and relevant IFC 
guidelines provided in the ESIA as wells as further framework developed to date; 


• implements internationally recognized best management/industry practices and best available 
techniques to minimize potential environmental and social impacts during the construction, 
operation and closure phases; 


• complies with the commitments addressed in the ESIA to minimize the expected potential 
environmental and social impacts; 


• adheres to high standards of safety and care for the protection of the employees and public;  
• promotes its policies through training, supervision, regular reviews and consultation; 
• maximizes the use of local and regional labor forces to the extent feasible, to maximize local 


socio-economic benefits;  
• implements a stakeholder engagement program to engage the local community in the Project 


activities at all phases; and 
• supports and participates to any regionally decided protection, mitigation and monitoring plans 


for Aliağa. 


• Working conditions and Terms of Employment will be applied to migrant and temporary workers 
including camp services 


As a general principle, Project’s ESMP will benefit from the environmental and social management 
policies, procedures, and standards implemented by existing Petkim Petrochemical Complex  where 
applicable and appropriate for the Project; to be able to hold consistent corporate principles. However, 
Project-specific procedures will be employed where required. 
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8.2. Overall Environmental and Social Management Mechanism 


The following overall management mechanism will be established for the Project in order to implement 
the ESMP:  


• Organization - Roles and Responsibilities:  
• Risk Assessment and Risk Register:  
• Training and Awareness: Communication of Environmental and Social Issues:  
• Document and Record Controls: Corrective Actions:  
• Inspections and Audits: Budget:  
• Monitoring and Reporting:  


 


8.3. Environmental Management Plan 


All main mitigation measures were provided together with the impact analysis results. 


8.4. Social Management Plan 


Process for preparation of Social Management Plan has generally consisted of stakeholder 
identification, grievance mechanism, stakeholder engagement plan and public disclosure general 
scheme. 


8.5. Emergency Response Plan 


The STAR Project Emergency Response Plan will be prepared based on the Petkim’s ERP in terms of 
corporate compliance but will further include Project-specific issues and concerns regarding 
environment, employee health and safety and public health and safety. 
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Annex: Conformance Table to National Legislation, Equator Principles and IFC Standards for this ESIA 


Table 1: ESIA Conformity with Equator Principles 


Main Components of the Equator Principles Where in ESIA  


Complete ESIA for Category A or B projects All sections 


Assess baseline environmental and social conditions Volumes  C, D and E 


Address requirements under host country laws and regulations, applicable international treaties and agreements Volume E, Section 2 


Address sustainable development and use of renewable resources Volume B, Sections 1 and 2; Volume E, Section 2; 
Volume G, Section 2 


Protection of human health Volume E, Section 3 


Protection of cultural properties Volume E, Section 4 


Protection of biodiversity, endangered species and sensitive ecosystems Flora, fauna, aquatic ecology and biodiversity sections 
of Volume D.  


Use of dangerous substances Volume G, Section 1 and Section 2 


Major Hazards Volume C, Section 3 


Occupational Health and Safety Volume G, Section 2 


Fire prevention and life safety Volume G, Section 3 


Socioeconomic impacts Volume E, Section 2 


Land acquisition and land use Volume C, Section 4 and Appendix 4 


Involuntary resettlement Volume E, Section 2 


Impacts on indigenous peoples and communities Volume E, Section 2 


Cumulative impacts of existing projects, the proposed project and anticipated future projects Volume F 


Participation of affected parties in the design, review and implementation of the project Volume A, Section 3; Appendix 4 


Consideration of feasible environmentally and socially preferable alternatives Volume B, Section 2 


Efficient production, delivery and use of energy Volume B, Section 1 and 2 


Pollution prevention, waste minimization, solid and chemical waste management Volume G, Section 1 


Pollution controls (liquid effluents and air emissions) Volume C, Section 6 and 9 


Make reference to minimum standards under world bank and IFC Pollution Prevention and Abatement Guidelines Volume A, Section 2 and 4 


Take into account IFC safeguard policies Volume A, Section 2 and 4 


Prepare an Environmental Management Plan, which draws on conclusions of the ESIA Volume G, Section 1 and 2 


Consult, in a structured and culturally appropriate way, with project affected groups, including indigenous peoples and local 
NGOs. 


Volume A, Section 3; Appendix 4 


The ESIA, or summary thereof, has been made available for a reasonable minimum period in local language and in a EIA in Turkish, with Turkish summary; ESIA in English 
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Main Components of the Equator Principles Where in ESIA  


culturally appropriate manner with Turkish summary; both EIA and ESIA subject to 
stakeholder engagement.  


ESIA will take account of consultations and be subject to expert review Consultation results from EIA and ESIA included in final 
ESIA; ESIA being reviewed by lender’s independent 
consultant 


Proponent has covenanted to comply with EMP in construction and operation of the project Yes, so written in ESIA 


Proponent has covenanted to provide regular reports, prepared by in-house staff or third party experts, on compliance with 
the EMP 


Yes, so written in ESIA 


Proponent has covenanted to, where applicable, decommission facilities in accordance with an agreed Decommissioning 
Plan 


Volume B, Section 3; Volume G, Section 5 


As necessary, lenders have appointed an independent environmental expert to provide additional monitoring and reporting 
services 


Independent review started (see above). 


Where a borrower is not in compliance with social or environmental covenants, such that any debt financing would be in 
default, the bank (s) would engage in its efforts to seek solutions to bring it back into compliance with its covenanted 


Agreed by the Project 


These above principles apply to projects with a total capital cost of $US50 million or more Such as the STAR Project 
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Table 2: ESIA Conformity with International Finance Corporation Performance Standards 


Performance Standard 1: Social and Environmental Assessment and Management Systems  Where in ESIA  


Social and Environmental Management System  


1. Establish and maintain a Social and Environmental Management System. Volume G 


Social and Environmental Assessment  


2. Consider the potential risks and impacts of the project based on current information, including an accurate project 
description (all components) and appropriate baseline data. 


 Volumes A to E 


3. Take into account all applicable laws and regulations to the project including the laws implementing host country 
obligations under international law. 


Volume A, Section 2 


4. Analyze risks and impacts in the project’s area of influence. Volumes C to E 


5. Analyze risks and impacts at key stages of the project cycle. Volumes C to E 


6. Assessment must be prepared by qualified and experienced persons. As done here; see acknowledgements 


7. Projects with potential significant adverse impacts that are diverse, irreversible or unprecedented will require a 
comprehensive Social and Environmental Impact Assessment. 


All sections 


8. Identify individuals and groups that may be differentially or disproportionately affected because of their 
disadvantaged or vulnerable status. 


Volume A, Section 3 


9. Propose and implement differentiated measures on such peoples so that they are not disadvantaged in sharing 
benefits. 


Not applicable 


Management Program  


10. Establish and manage mitigation and performance improvement measures and actions that address the risks and 
impacts. 


Volume C to E 


11. Must consist of a combination of operational policies, procedures and practices favoring the avoidance and 
prevention of impacts. 


Volume G, Sections 1 to 4 


12. Define desired outcomes as measurable events with performance indicators, targets or acceptance criteria that can 
be tracked over periods of time and with estimates of the resources and responsibilities for implementation. 


Volume C to E; Volume G 


13. Where mitigations necessary, an Action Plan will be prepared. Volume G, Sections 1 to 4 


Organizational Capacity  


14. Establish, maintain and strengthen an organizational structure that defines roles, responsibilities and authority. Volume E, Section 2 ; Volume G 


15. Designate specific personnel, including management representatives with clear lines of responsibility and authority Volume E, Section 2; Volume G 


16. Define and communicate key responsibilities to the relevant personnel and to the rest of the organization. Volume E, Section 2; Volume G 
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Performance Standard 1: Social and Environmental Assessment and Management Systems  Where in ESIA  


17. Provide management sponsorship and human and financial resources on an ongoing basis to achieve effective 
performance. 


Volume E, Section 2; Volume G 


Training  


18. Train employees and contractors with direct responsibility for activities relevant to the project’s performance for the 
knowledge and skills necessary to perform their work. 


Volume E, Section 2; Volume G 


Community Engagement  


19. Publicly disclose the Social and Environmental Assessment. Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


20. If risks or impacts might affect communities, provide access to information and undertake a process of consultation.  Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


21.Conduct a full and ongoing consultation process Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


22. Document the consultation process. Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


23. Respond to communities’ concern related to the project. Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


24. Establish a grievance mechanism to receive and facilitate resolution of the affected communities’ concerns. Volume A, Section 3; Volume G, Section 3; 
Appendix 4 


25. Inform the affected communities about the mechanism in the course of its community engagement process. Volume A, Section 3; Volume G, Section 3; 
Appendix 4  


Monitoring  


26. Establish procedures to monitor and measure the effectiveness of the management program. Volumes C to E and G 


27. Use dynamic mechanisms, such as inspections and audits, to verify compliance and progress. Volumes C to E and G 


28. Retain qualified and experienced external experts to verify the monitoring information. Volume G 


29. Document monitoring results and identify and reflect the necessary corrective and preventive actions in the amended 
management program. 


Volume G 


Reporting  


30. Periodic assessments of the effectiveness of the management program will be issued to the senior management. Volume G 


31. Disclose Action Plan to affected communities. Volume G 


32. Provide reports about the progress with implementation of the Action Plan on issues that involve ongoing risk to or Volume G 
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Performance Standard 1: Social and Environmental Assessment and Management Systems  Where in ESIA  


impacts on affected communities and on issues that the consultation process or grievance mechanism has identified. 


 


Performance Standard 2: Labor and Working Conditions Where in ESIA  


Working Conditions and Management of Worker Relationship  


1. Adopt a human resources policy. Volume G 


2. Develop a plan to mitigate the adverse impacts of retrenchment on employees. Volume G 


3. Provide a grievance mechanism for workers to raise workplace concerns and provide feedback Volume G 


Protecting the Work Force  


1. Do not employ children in a manner that is economically exploitative or is likely to be hazardous, or to interfere with 
their education, or to be harmful to the child’s health or physical, mental, spiritual, moral or social development. 


Volume G 


2. Do not employ forced labor such as indentured labor, bonded labor or similar labor-contracting arrangements. Volume G 


Occupational Health and Safety  


1. Identification of potential hazards to workers. Volume G, Section 2 


2. Provision of preventive and protective measures. Volume G, Section 2 


3. Training of workers. Volume G, Section 2 


4. Provide documentation and reporting on: Volume G, Section 2 


    i. Occupational accidents Volume G, Section 2 


    ii. Diseases Volume G, Section 2 


    iii. Incidents Volume G, Section 2 


5. Prepare an emergency and response plan for inside and outside the project boundary including an evacuation plan. Volume G, Section 3 
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Performance Standard 3: Pollution Prevention and Abatement Where in ESIA? 


Release of Pollutants  


1. Consideration of methods to avoid, minimize/control loadings Volumes C to E and G 


2. Resource Conservation Volumes C to E and G 


Wastes  


1. Consideration of avoidance or minimization of waste generation Volumes B, C  and G 


2. Recover/Reuse options considered Volumes B, C and G  
3. Treatment/destruction/disposal options considered Volumes  B, C and G 


Hazardous Materials  


1. Consideration of methods to avoid/minimize release during: Volumes C to E and G 


    i. Production Volumes C to E and G 


    ii. Handling and storage Volumes C to E and G 


    iii. Transportation Volumes C to E and G 


2. Assessment of materials Volumes  C to E and G 


    i. Subject to bans/phase-outs Volumes  C to E and G 


    ii. Toxicity, persistence, bioaccumulation and ozone depletion potential assessed Volumes  C to E and G 
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Performance Standard 4: Community Health, Safety and Abatement Where in ESIA S? 


Community Health and Safety   


1. Risks and impacts to the health and safety of the affected community  


     i. Evaluating the risks Volume E, Section 3; Volume G, Section 2 


     ii. Establish preventive measures to address risks, favor the avoidance of risks Volume E, Section 3; Volume G, Section 2 


     iii. Disclose Action Plan to relevant government agencies and to affected community Volume E, Section 3; Volume G, Section 2  


2. Infrastructure and Equipment Safety  


    i. Structural elements of project are in accordance with good international industry practice. Volume B; Volume C, Section 3 


    ii. Consider potential exposure to natural hazards. Volume B; Volume C, Section 3 


    iii. Structural elements are designed and constructed by qualified and experienced professionals Volume B 


    iv. Structural elements are certified and approved by competent authorities or professionals Volume B 


3. Hazardous Materials Safety  


    i. Minimize or prevent the potential for community exposure to hazardous materials released by the project. Volume B; Volume C, Section 3; Volume G 


    ii. exercise special care when conducting decommissioning activities to prevent exposure to the community Volume B, Section 3; Volume G, Section 5 


    iii. Exercise commercially reasonable efforts to control the safety of transportation of raw materials and disposal of 
wastes. 


Volume B; Volume C, Section 11; Volume G 


    iv. Implement measures to avoid or control community exposure to pesticides Volume G 


4. Environmental and Natural Resource Issues  


    i. Avoid or minimize the impacts cause by natural hazards. Volume C, Section 3 


    ii. Avoid or minimize adverse impacts due to project activities on soil, water and other natural resources in use by 
communities. 


Volume C, all Sections 


5. Community Exposure to Disease  


    i. Prevent or minimize diseases resulting from project activities Volume E 


    ii. Prevent or minimize transmission of communicable diseases related with the influx of temporary or permanent 
project labor. 


Volume E 
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Performance Standard 4: Community Health, Safety and Abatement Where in ESIA S? 


6. Emergency Preparedness and Response  


    i. Assess potentials risks and impacts from project activities Volume E, Section 3 


    ii. Inform affected communities of significant potential hazards in a culturally appropriate manner. Volume G, Section 3 


    iii. Collaborate with communities to prepare an emergency situations response plan. Volume G, Section 3 


    iv. Disclose appropriate information in the Action Plan. Volume G, Section 3 


Security Personnel  


    i. Provide security to safeguard personnel and property  Volume G  


    ii. Ensure that those providing security have not been implicated in past abuses. Volume G  


    iii. Set up a grievance mechanism for affected communities to express concerns about the security arrangements and 
acts of security personnel. 


Volume G, Section 3 


    iv. If government security personnel are deployed to provide security, the client will assess the risk from such use and 
encourage disclosure of security arrangements 


Volume G 


    v. Investigate any credible allegations of unlawful or abusive acts of security personnel, take action to prevent 
recurrence and report to public authorities. 


Volume G 
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Performance Standard 5: Land Acquisition and Involuntary Resettlement  Where in ESIA? 


General Requirements  


1. Consider feasible alternative project designs to avoid or minimize physical or economic displacement. None 


2. When displacement cannot be avoided, offer compensation for loss of assets at full replacement cost and assistance 
to help them improve their standard of living 


 


None 


3. Provide opportunities to displaced persons and communities to derive appropriate development benefits from the 
project. 


 


None 


4. Consult with and facilitate the informed participation of affected people in decision-making processes related to 
resettlement. 


None 


5. Establish a grievance mechanism to address specific concerns about compensation and relocation. None 


6. If resettlement is unavoidable, carry out a census with appropriate baseline data to identify the people who will be 
displaced by the project.  


None 


7. In cases of physical displacement of people, the client will develop a resettlement action plan. None 


8. In cases of negotiated settlements involving economic displacement, client will develop procedures to offer the 
affected people compensation and other assistance. 


None 


Displacement  


9. If people living in the project area must move to another location, the client will offer alternative resettlement options 
and provide assistance. 


None 


10. Where communities of Indigenous Peoples are to be physically displaced, meet requirements of Performance 
Standard 5 and 7. 


None 


11. If land acquisition for the project causes loss of income or livelihood, the client will compensate the affected people. None 


Private Sector Responsibilities under Government-Managed Resettlement  


12. Client will collaborate with the responsible government agency. None 


13. Prepare a plan, together with the documents prepared by the responsible government agency, to address the 
relevant requirements of this Performance Standard. 


None 


14. If procedures by the responsible government agency do not meet the relevant requirements to compensate affected 
persons and communities, the client must develop its own. 


None 


15. If permitted by the responsible government agency, the client will implement the plan and monitor resettlement 
activities. 


None 
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Performance Standard 6: Biodiversity Conservation and Sustainable Neutral Resource Management  Where in Current ESIA Scope? 


Protection and Conservation of Biodiversity  


1. Assess the significance of project impacts on all levels of biodiversity. Volume D  


2. Retain qualified and experienced external experts to assist in conducting the assessment. Volume D 


3. In areas of modified habitat, exercise care to minimize any conversion or degradation of such habitat Volume D 


4. In areas of natural habitat, the client will not significantly convert or degrade such habitat unless it is the only technical 
and financial feasible alternative, benefits outweigh the costs and degradation is properly mitigated. 


Volume D 


5. In areas of critical habitat, the client will not implement any project activities except for special cases. Volume D, not applicable 


6. If a project is located within a legally protected area, the following must be met: Volume D, not applicable 


    i. act in a manner consistent with defined protected area management plan  


    ii. consult protected area sponsors and managers, local communities and other key stakeholders on the project  


    iii. implement additional programs to promote and enhance the conservation aims of the protected area.  


7. The client will not deliberately introduce any new alien species. Volume D 


Management and Use of Renewable Natural Resources  


8. Manage renewable natural resources in a sustainable manner Not applicable 


9. If involved in natural forest harvesting or plantation development: Not applicable 


    i. client will not cause any conversion or degradation of critical habitat  


    ii. ensure that all natural forests and plantations are independently certified as meeting international best practice.  


    iii. Develop and adhere to a time-bound, phased action plan for achieving the certification required.  


10. Production and harvesting of fish populations or other aquatic species must be performed in a sustainable manner. Volume D, not applicable 
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Performance Standard 7: Indigenous People Where in Current ESIA Scope? 


General Requirements  


1. Identify all communities of Indigenous Peoples who may be affected within the project’s area of influence. Volume  A and E; not applicable 


2. Minimize, mitigate or compensate for impacts in a culturally appropriate manner.  Volume  A and E; not applicable 


3. Develop a proposed action plan with the informed participation of affected Indigenous Peoples.  Volume  A and E; not applicable 


4. Establish an ongoing relationship with the affected communities ensuring their free, prior and informed consultation.  Volume  A and E; not applicable 


5. The process of community engagement will be culturally appropriate and commensurate with the risks and potential 
impacts. 


 Volume  A and E; not applicable 


6. Seek to identify opportunities to improve their standard of living and foster the long-term sustainability of the natural 
resource on which they depend. 


 Volume  A and E; not applicable 


Special Requirements  


7.  Respect the use of traditionally or customary lands under use if the project is proposed to be located on that land. None 


8. Consider feasible alternative project designs to avoid the relocation from their lands. None 


9. Where a project proposes to use the cultural resources, knowledge, innovations or practices of Indigenous  peoples, 
client must inform them of: 


Not applicable 


    i. their rights under national law;  


    ii.  the scope and nature of the proposed commercial development; and  


    iii. the potential consequences of such development  


10. Client will not proceed with commercialization unless it:  Not applicable 


    i. enters into a good faith negotiation with affected communities;  


    ii. documents their informed participation and the successful outcome of the negotiation; and  


    iii. provides for fair and equitable sharing of benefits from commercialization.  
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Performance Standard 8: Cultural Heritage Where in Current ESIA Scope? 


Protection of Cultural Heritage in Project Design and Execution  


1. Comply with relevant national and international law on the protection of cultural heritage. Volume E, Section 4 


2. Protect and support cultural heritage by undertaking internationally recognized practices for the protection. Volume E, Section 4 


3. Site and design a project to avoid significant damage to cultural heritage. Volume E, Section 4 


4. If a project affects cultural heritage: Volume E, Section 4 


    i. consultations with affected communities, relevant national and local regulatory agencies will be held; Volume E, Section 4 


    ii. removal of cultural heritage will be avoided. Volume E, Section 4 


5. The client will not significantly alter, damage or remove any critical cultural heritage. Volume E, Section 4 


6. If the project is located in a legally protected area, the client must also: Not applicable  


     i. comply with defined national or local cultural heritage regulations  


     ii. consult the protected area sponsors and managers, local communities and other key stakeholder of the 
proposed project 


 


     iii. implement additional programs to promote and enhance the conservation aims of the protected area.  


7. Where a project proposes to use the cultural resources, knowledge, innovations or practices of local 
communities embodying lifestyles for commercial purposes, client must inform them of: 


Not applicable 


    i. their rights under national law;  


    ii.  the scope and nature of the proposed commercial development; and  


    iii. the potential consequences of such development  


8. Client will not proceed with commercialization unless it:  


    i. enters into a good faith negotiation with affected communities;  
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Performance Standard 8: Cultural Heritage Where in Current ESIA Scope? 


    ii. documents their informed participation and the successful outcome of the negotiation; and  


    iii. provides for fair and equitable sharing of benefits from commercialization.  
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VOLUME A: ESIA OVERVIEW 
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A.1 Introduction 


Background 


STAR Rafineri A.Ş. (STAR), formerly known as SOCAR&TURCAS Rafineri A.Ş. (STRAŞ), is planning 
to build an oil refinery named Aegean Refinery (“STAR”, “the Project”) with the capacity of processing 
10 million tons crude oil per year in Aliağa Town of İzmir Province, on the Aegean coast of Turkey.  


The proposed Project Site is located at an industrial district and on the land of Petkim Petrokimya 
Holding A.Ş. (majority shares owned by a separate subsidiary of STAR). The Project Site is adjacent 
to the present Petkim Petrochemicals Complex and Tüpraş İzmir Petroleum Refinery. A detailed 
description of the Project is provided in Section B.1: Project Description of this report. 


A local Environmental Impact Assessment (EIA) study along with the requirements of Turkish 
Legislation has already been completed for the Project in 2009 and the Project has been permitted by 
the former Turkish Ministry of Environment and Urbanization by development consent. The Energy 
Market Regulatory Authority (EMRA) of Turkey granted a 49-year Refining License to STAR in June 
2010. 


In addition, STAR Refinery Marine Terminal is planned to be constructed and operated in the scope of 
STAR Project. The marine terminal will allow unloading (import) of crude oil and loading (export) of 
multiple products including LPG, jet, diesel, reformate, sulphur and xylenes. Considering variability of 
the products, multiple jetties are required in the terminal.  


At present, four separate jetties are planned. Each of the jetties will allow double sided berthing of 
tankers. While three jetties will be for liquid handling, one jetty will be for bulk cargo EIA to bankable 
ESIA in compliance with IFC requirements. The local EIA included Phase I(Jetty I and Jetty II) STAR 
Refinery Marine Terminal and was completed in accordance with Turkish Legislation. The marine 
terminal impact assessment as part of the current ESIA considered Phase I (Jetty I and Jetty II) and 
Phase II (Jetty III and Jetty IV). 


Aforementioned Environmental Impact Assessment (EIA) study has been completed for capacity 
increase of existing Petkim Port in 2012. Two of the planned jetties in STAR Marine Terminal were 
included in this study and has been permitted by the Turkish Ministry of Environment and Urbanization 
(MoEU).  


Golder Associates S.r.I (Italy), together with its subcontractor Golder Associates Ltd. Şti. (Turkey) 
(“Golder”) was contracted by STRAŞ in July 2010 to conduct an Environmental and Social Impact 
Assessment (“ESIA”) Study along with international requirements for the Aegean Refinery part of the 
Project. This scope of work was completed in May 2011. In October 2011, existing contract was 
amended to include the STAR Refinery Marine Terminal activities (jetty extension). 


The complete ESIA study was to be based on the studies conducted during the Local EIAs, but 
upgraded along with the requirements of International Financing Agencies, particularly requirements of 
Equator Principles, EU legislation and IFC. The scope of work for this ESIA included the following: 


1. Gap Analysis for the Local EIA and Detailed Scoping for the ESIA 
• Preliminary Document Review 
• Site Visit 
• Detailing of ESIA Components  - Scoping Report  


2. Additional Baseline Studies 
• Environmental baseline (on-site 
•  air and noise measurements, and literature surveys)  
• Social baseline (on-site social surveys for stakeholders, industries, community, etc) 
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3. Preparation of ESIA Report 
• Analysis and assessment of environmental and social impacts 


- Upgrading of the present impact assessments in the Local EIA to the requirements of 
Equator Principles, EU legislation and associated IFC performance standards 


- Additional impact analysis and assessments, where required 
• Identification of mitigation measures for the potential impacts 
• Assessment of residual impacts after mitigation 
• Assessment of cumulative impacts of the Project, third party/contracted services and 


other foreseen projects in the region. 


4. Preparation / Upgrading of Environmental and Social Action Plans 
• Environmental and Social Management Plan (action and monitoring) 
• Public Disclosure and Consultation Plan 
• Emergency Response Plan 
• Closure Plan 


5. Stakeholder Engagement 
• Second round public hearing meeting. 


This report presents the outcome of the Environmental and Social Impact Assessment (ESIA) for the 
Project conducted by Golder. The ESIA Report evaluates potential environmental and social effects of 
the Project, recommends mitigation measures to reduce adverse effects and optimize benefits, and 
recommends a follow-up and monitoring program to comply with the applicable regulatory 
requirements and international guidelines. 


Project Overview 


Primary goals of the Project are summarized below: 


• To ensure the continuity of supply for Petkim Petrochemical Complex by meeting the raw 
material demand in an economic and reliable manner; 


• To produce middle distillate fuels (Ultra Low Sulfur Diesel and Jet Fuel) for the domestic market 
which is currently experiencing a vast amount of supply deficiencies; 


• To create additional synergy by establishing Refinery - Petrochemicals integration; 
• To add value for national economy through production, trading, employment, logistics, etc.; and 
• To contribute reduction of the foreign trade deficit of the country. 


Main products of the STAR Project are Naphtha, LPG and Mixed Xylenes that would meet the raw 
material needs of Petkim and the products Ultra Low Sulfur Diesel (ULSD), Jet Fuel/Kerosene, 
Petroleum Coke and elementary Sulfur that would be introduced to both domestic and international 
markets.  


Petkim’s existing power and water facilities will be used to provide service and support for the STAR 
Project. The capacity of these facilities will be increased where necessary. 


The impact assessments in this upgraded ESIA were mainly based on the Project assumptions, 
investigations and calculations/analysis done by the Local EIA. The Local EIA of the Refinery was 
based on the Project characteristics according to the preliminary Conceptual Design in early 2009. 
The Local EIA for the marine terminal (two jetty facilities) was on the basis of Conceptual Design in 
2011. As of the draft completion date of this ESIA Studies, the Feed Engineering Design studies were 
still ongoing.  


The Project was designed with the state-of-the-art processing technology that is economically viable 
and environmentally sustainable. Environmental protection, reliability and process safety by the 
Project design, and social welfare and participation in construction and operation stages will be 
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incorporated. Equipment will be selected to meet internationally acknowledged design codes and 
standards, and quality safety features will be included in all aspects of the Project operations. 


The Project Site has been mapped out within the confines of the existing Petkim process area and 
tank farms. Petkim’s existing raw material (Naphtha) and fuel oil tanks presently at the Project Site will 
be demolished by STAR Project. 


Moreover, Petkim plans to shut down Platformer and Tatoray units of its Aromatics complex as STAR 
starts to provide feedstock (Mixed Xylenes) to the Aromatics. Both of these technologically obsolete 
units create significant barriers for sustainable operations of the entire Aromatics production. In 
addition to provision of reliable and economics feedstock from STAR to the Aromatics, demolishment 
of these units will spare space for future expansions of the complex through state-of-the art 
technologies, and will further boost the performance of the entire complex. The existing emissions 
from these units are quite critical for human health and flora and fauna in the region. Shut down of 
these units will result in a considerable reduction in VOC and CO2 emissions with the replacement of 
the state-of-the art technologies in STAR. Vapour Recovery Unit (VRU) will be installed for the 
recovery of volatile organic compound emissions generated by ship loading in STAR Refinery. 


It is predicted that Detailed Engineering/Procurement/Construction (EPC) period including 
commissioning and start-up activities for the Project will be 3.5-4 years. Operating period of the Project 
is expected to be 49 years. This period of service life can be extended by maintenance and renewal.  


Time schedule of the Project implementation is provided in below Figure. 


Figure A.1-1 STAR Project Time Table 
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A.2 Regulatory Framework 


STAR Project will always refer to current national, EU Directives and IFC EHS legislation. Most 
stringent pollution and emission limit listed by IFC, EU Directives and/or by local legislation, where 
applicable, will be referred in all phases of the Project. Detailed information for current national and 
international legislation/standards is given below. 


Current National Environmental Legislation 


Outline 


The Turkish legal framework for environmental protection was developed in line with national and 
international initiatives and standards, and some of them have been revised recently to be harmonized 
with the EU Directives in the scope of pre-accession efforts of Turkey to the EU. In the following 
sections, related institutions, legislation, process and procedures that are related to the environmental 
and social aspects of the proposed project are described.  


The Ministry of Environment and Urbanization (MoEU) is the responsible organization for the issuing 
and implementation of policies and legislation adopted for protection and conservation of the 
environment, and for sustainable development and management of natural resources.  


The Turkish Environment Law No. 2872, which came into force in 1983, handles environmental issues 
on a very broad scope. According to the basic principles that govern the application of the 
Environment Law, and as stated in the Constitution, citizens as well as the state bear responsibility for 
the protection of environment. Complementary to the Environment Law and its regulations, other laws 
also govern the protection and conservation of the environment, the prevention and control of 
pollution, and the implementation of measures for the prevention of pollution. 


The Environment Law of 1983 has a comprehensive structure that has a holistic and integrated vision 
for the environment. ”Polluter pays” and “user pays” principles and carrying capacity concepts form the 
basis of regulatory tools in the Environmental Law. The Law is supported by numerous Regulations 
and decrees prepared or updated in the process of alignment with EU legislation, thus contributing 
significantly in compensating the gaps within the former legislative system of Turkey.  


Other relevant laws in the scope environmental legislation are as follows: 


• Law on Ports and Harbours, No. 618; 
• Law on General Sanitation, No.1593; 
• Law on Aquatic Products, No.1380; 
• Coastal Law, No.3621; 
• Law on Principles for Emergency Response and Compensation of Losses in Pollution of 


Marine Environment by Petroleum and Other Hazardous Substances, No.5312; 
• Law on Energy Efficiency, No.5627 
• Law on Groundwaters, No.167 


EIA Regulation  


In the Environment Law, the general scope of the Environmental Impact Assessment (EIA) procedure 
is set out in Article 10. Within this legal framework the EIA Regulation has been first put into force by 
its publication in the Official Gazette No. 21489 on February 7, 1993. The EIA regulation was 
subsequently revised three times and reissued in Official Gazette on June 23, 1997, June 6, 2002 and 
December 16, 2003. The final version was published recently on July 17, 2008 in the Official Gazette 
No. 26939 and is currently in force. The following descriptions are given according to the last version 
of the EIA Regulation.  
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When an activity (project) is planned, the proponent is responsible for preparing an Environmental 
Impact Assessment Report, which is the same as an Environmental Impact Statement, along with 
many other permits required to realize the project, but not all facilities are subject to the preparation of 
an EIS. Depending on the type of the facility, its capacity, or the location of the activity, an EIA or a 
Project Description File is required.  


Based on the classification of the projects according to the potentially expected environmental 
impacts, the projects listed in Annex I of the Regulation should prepare an Environmental Impact 
Assessment (EIA) Report, and the projects listed in Annex II should prepare a Project Description 
Report (PDR), respectively.  


The projects listed in Annex I are directly subjected to prepare a full EIA Report and they should first 
apply to Ministry of Environment and Urbanization (MoEU) with an Environmental Impact Assessment 
Application File including a project description report according to the format given in the Annex III of 
the Regulation. The projects listed in Annex II are subjected to screening by MoEU to derive a 
decision whether or not an EIA is needed. The projects should provide “EIA is not Required” or “EIA 
Affirmative Opinion” to proceed with the construction and operation of the project. An “EIA is not 
Required” opinion for projects in Annex I and an “EIA Affirmative Opinion” for projects in Annex II are 
valid for seven years. 


STAR Project is listed in Annex I of the Regulation and subject to full EIA.  


Other Environmental Laws and Regulations 


A list of regulations currently in force and applicable to the context of the project are outlined in Table 
A.2-1 below. For the EIA process, the governing regulation is the EIA Regulation, which refers to all 
other regulations relevant to permitting and EIA approval processes. 


Table A.2-1: Current Environmental Laws and Regulations in Turkey 


Regulation Date and No of 
Issuing Official 
Gazette 


Permitting  


Regulation on Permission to Mining Activities 21.06.2005, 25852 


Regulation on Environmental Impact Assessment  17.07.2008, 26939 


Regulation on Environmental Auditing 21.11.2008, 27061 


Regulation on Permits and Licenses to be Secured According to the Environmental Law 29.04.2009, 27214 


Air Quality  


Regulation on Air Pollution caused by Heating 13.01.2005, 25699 


Regulation on Assessment and Management of Air Quality 06.06.2008, 26898 


Regulation on Decreasing the Ozone Depleting Materials 12.11.2008, 27052 


Regulation on Control of Exhaust Gas Emission 04.04.2009, 27190 


Regulation on Control of Industrial Air Pollution 03.07.2009, 27277 


Regulation on the Reduction in the Sulfur Content of Some Fuel Types 06.10.2009, 27368 


Regulation on Large Combustion Plants 08.06.2010, 27605 


Regulation on Odor Causing Emissions 04.09.2010, 27692 


Water Quality  


Regulation on Water Conservation against Pollution Caused by Nitrates from Agricultural Sources 18.02.2004, 25377 
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Regulation Date and No of 
Issuing Official 
Gazette 


Regulation on Water Pollution Control 31.12.2004, 25687 


Regulation on Protection of Wetlands 17.05.2005, 25818 


Regulation on Quality of Drinking Water to be Obtained or Planned to be Obtained from Surface Water 20.11.2005, 25999 


Regulation on Control of Pollution Caused by Dangerous Substances in Water and its Environment 26.11.2005, 26005 


Regulation on Urban Wastewater Treatment 08.01.2006, 26047 


Soil Quality  


Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 08.06.2010, 27605 


Regulation on Use of Domestic and Urban Treatment Sludge in Soil 03.08.2010, 27661 


Waste Management  


Regulation on Control of Solid Wastes 14.03.1991, 20814 


Regulation on Control of Excavation Soil and Construction Debris 18.03.2004, 25406 


Regulation on Control of Waste Batteries and Accumulators 31.08.2004, 25569 


Regulation on the Wastes Generated from the Use of Radioactive Materials 02.09.2004, 25571 


Regulation on Control of Hazardous Wastes 14.03.2005, 25755 


Regulation on Control of Vegetative Oils 19.04.2005, 25791 


Regulation on Control of Medical Wastes 22.07.2005, 25883 


Regulation on Control of End of Life Tires 25.11.2006, 26357 


Regulation on Control of PCB and PCTs 27.12.2007, 26739 


Regulation on Restriction of Some Hazardous Materials in Electrical and Electronic Devices 30.05.2008, 26891 


Regulation on General Principles of Waste Management 05.07.2008, 26927 


Regulation on Waste Oils 30.07.2008, 26952 


Regulation on Control of End of Life Vehicles 30.12.2009, 27448 


Regulation on Incineration of Wastes 06.10.2010, 27721 


Regulation on Landfills (Regular Storage of Wastes) 26.03.2010, 27533 


Regulation on Control of Packaging Wastes 24.08.2011, 28035 


Chemicals Management 
 


Regulation on Radiation Safety 24.03.2000, 23999 


Regulation on the Safely Transportation of Radioactive Materials 08.07.2005, 25869 


Regulation on the Transportation of Dangerous Goods by Road 31.03.2007, 26479 


Regulation on Control of PCB and PCTs 27.12.2007, 26739 


Regulation on Classification, Package, and Labeling of the Hazardous Materials and Aids 26.12.2008, 27092 


Regulation on Preparation and Distribution of Material Safety Data Sheets on Hazardous Materials 
and Aids 


26.12.2008, 27092 


Regulation on Restrictions on the Production, Placing on the Market, and Use of Some Hazardous 
Materials 


26.12.2008, 27092 


Regulation on Inventory and Control of the Chemicals 26.12.2008, 27092 


Regulation on Measures to be taken for Protection of Environment and Public Health Against Negative 
Effects of Non-Ionize Radiation 


24.07.2010, 27651 


Regulation on Control of Big Scale Industrial Accidents 18.08.2010, 27676 


Noise Management   


Regulation on Assessment and Management of Environmental Noise 04.06.2010, 27601 


Sea and Coastal Management   


Regulation on the Implementation of Coastal Law 03.08.1990, 20594 


Regulation on Aquatic Products  10.03.1995, 22223 


Regulation on Waste Reception from the Ships and Waste Control 26.12.2004, 25682 


Regulation on Swimming Water Quality 09.01.2006, 26048 


Regulation of Implementation of the Law on Emergency Response and Compensation of Losses in 
Pollution of Marine Environment by Petroleum and Other Hazardous Substances 


21.10.2006, 26326 
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Regulation Date and No of 
Issuing Official 
Gazette 


Nature Conservation and Biodiversity  


Regulation on Wildlife Protection and Wildlife Enhancement Areas 08.11.2004, 25637 


Regulations on Certain Activities   


Regulation on the Obtaining, Processing and Control of the Sand, Gravel and Similar Materials 08.12.2007, 26724 


Regulation on the Restoration of the Lands Disturbed by Mining Activities 23.01.2010, 27471 


Resources Management  


Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy Usage 25.10.2008, 27035 
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Local and National Occupational Health and Safety Requirements 


Labor and occupational health & safety issues in Turkey are governed by the Ministry of Labor and 
Social Security. Turkish law and the major regulations relevant to labor and working conditions are 
listed in Table A.2-2: . 


Table A.2-2: Existing Labor and Health & Safety Regulations in Turkey 


Existing Labor and H&S Law and Regulations Date and No of 
Issuing Official 
Gazette 


Laws  


The Labor Law – No.4857 
(Aims to regulate the working conditions and work-related rights and obligations of employers 
and employees working within the confines of an employment contract.) 


10.06.2003, 25134 


Regulations  


Statue on Measures for Workplaces Where Flammable, Explosive, Dangerous and 
Hazardous Materials are Used 


24.12.1974, 14752 


Regulation on Machine Guards  17.05.1987, 18050 


Regulation on Workers Health and Work Safety 
(Stipulates the legal rights of employees. In addition, stipulates health and safety conditions 
within workplaces in detail, including construction activities.) 


09.12.2003, 25311 


Regulation on Safety and Health Requirements Working With Display Screen Equipment 23.12.2003, 25325 


Regulation on Vibration 23.12.2003, 25325 


Regulation on Noise 23.12.2003, 25325 


Health and Safety Signs Regulation 23.12.2003, 25325 


Regulation on Health and Safety at Construction Sites 23.12.2003, 25325 


Regulation on Protection of Workers form the risk of Explosive Media 26.12.2003, 25328 


Regulation on Health and Safety Precautions Regarding Working with Asbestos 26.12.2003, 25328 


Regulation on Manual Handling 11.02.2004, 25370 


Regulation on Principles and Procedures for Health and Safety Training of Employees 07.04.2004, 25426 


Regulation on Health and Safety Precautions Regarding Workplace Buildings and Their 
Annexes 


10.02.2004, 25369 


Regulation on Use of Personnel Protective Equipment in Workplaces 11.02.2004, 25370 


Regulation on Health and Safety Conditions Regarding Use of Work Equipments 11.02.2004, 25370 


Regulation on Health and Safety Regarding Temporary Works 15.05.2004, 25463 


Regulation on Heavy and Dangerous Works  16.06.2004, 25494 
revised on 
23.10.2004, 25622 


Regulation on Securing Workplace Establishment Permit and Certificate of Operation 17.12.2004, 25673 


Personnel Protective Equipment Regulation 29.11.2006, 25673 


Regulation on Health and Safety Precautions Regarding Working with Chemicals 26.12.2003, 25328 
revised on 
20.03.2008, 26822 


Regulation on Subcontractor  27.09.2008, 27010 


Regulation on Workplace Health and Safety Units and Common Health and Safety Units 15.08.2009, 27320 


Regulation for Fire Safety of Buildings 19.12.2009, 26735 


Regulations on the Prevention of Biological Exposure Risks 10.06.2004, 25488 


Regulation on the Employment of Pregnant or Lactating Women, children's care homes and 
Breastfeeding Rooms 


14.07.2004, 25522 


Regulation on the Health and Safety Measures on the Carcinogenic and mutagenic 
substances 


26.12.2003, 25328 
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Existing Labor and H&S Law and Regulations Date and No of 
Issuing Official 
Gazette 


Regulation on the Procedures and Principles of the Employment of Children's and Young 
Workers 


06.04.2004, 25425 


Regulation on Working Hours Regarding Labor Law 06.04.2004, 25425 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 26  
 


International Agreements which Turkey is a Party 


Intergovernmental agreements, protocols and conventions, to which Turkey is a party or signatory, are 
provided in Table A.2-3:  below. 


Table A.2-3:  International Agreements which Turkey is a Party 


International Convention / Protocol Date and No of Issuing 
Turkish Official Gazette 


European Cultural Convention; 19.12.1954  17.06.1957, 9635 


International Convention for the Establishment of the European and Mediterranean 
Plan Protection Organization; Paris, 1951  


10.08.1965 


The Convention for the Protection of Cultural Property in the Event of Armed Conflict; 
14.04.1954  


08.11.1965, 12145 


International Convention for the Protection of Birds; Paris, 1959  17.12.1966, 12480 


Convention on Legal Responsibilities about the Nuclear Energy Field; 29.1.1960, and 
its addendum protocol dated 28.01.1964 


13.06.1967, 12620 


The Agreement for the Establishment of the General Fisheries Commission for the 
Mediterranean (GFCM); Rome, 1949 


07.07.1967, 12641 


Radiation Protection Convention; Geneva, 1960  15.11.1969 


Agreement on an International Energy Program; Paris, 1974  04.05.1981 


Convention for the Protection of the Mediterranean Sea against Pollution; Barcelona, 
1976  


12.06.1981, 17368 


Protocol for the Prevention of Pollution of the Mediterranean Sea by Dumping from 
Ships and Aircraft; Barcelona, 1976  


12.06.1981, 17368 


The Convention for the Protection of the Marine Environment and the Coastal Region 
of the Mediterranean (Barcelona Convention); Barcelona, adopted on 16.02.1976, 
entered into force 12.02.1978 


12.06.1981, 17368 


Convention for the Protection of the World Cultural and Natural Heritage; Paris, 1972 14.2.1983, 17959  


Convention on Long-Range Transboundary Air Pollution; Geneva, 1979  23.03.1983,17996 


The Convention on the Conservation of European Wildlife and Natural Habitats (Bern 
Convention); Bern, opened for signature on 19.09.1979, entered into force on 
01.06.1982 


Ratification date: 02.05.1984 
Entered into force:  
01.09.1984 


Protocol to the Convention on Long-Range Transboundary Air Pollution on the 
Financing of the Co-operative Program for Monitoring and Evaluation of the Long-
Range Transmission of Air Pollutants in Europe; Geneva, 1984  


23.07.1985, 18820 


Protocol for the Protection of the Mediterranean Sea against Pollution from the Land-
Based Sources; Athens, 1980  


18.03.1987, 19404 


Protocol Concerning Specially Protected Areas in the Mediterranean; Geneva, 1982 
(date of signature 06.11.1986) 


23.10.1988, 19968 


International Convention for the Prevention of Pollution From Ships ( MAR-POL 73/78); 
1973, modified by the Protocol of 1978 
(entered into force on 2 October 1983) 


24.06.1990, 20558 


Convention on the Protection of the Black Sea Against Pollution (Bucharest 
Convention); signed on 21.04.1992, entered into force on 15.01.1994 


06.03.1994, 21869 


Convention on the Control of Transboundary Movements of Hazardous Waste and 
Disposal; Basel, 22.03.1989 


15.05.1994, 21935 


The Convention on Wetlands of International Importance, especially as Waterfowl 
Habitat (Ramsar Convention); entered into force on 21.12.1975 


17.05.1994, 21937 


Montreal Protocol on Substances That Deplete the Ozone Layer; Montreal, opened for 
signature on 16.09.1987, entered into force on 1.1.1989 
( revisions: 1990,London; 1991,Nairobi; 1992,Copenhagen; 1993,Bangkok; 
1995,Vienna; 1997,Montreal; and 1999,Beijing) 


28.12.1994, 22155 


Convention on International Trade in Endangered Species of Wild Fauna and Flora 
(CITES); opened for signature on 3.3.1973, entered into force on 1.7.1975 


20.06.1996, 22672 
(entered into force on 
22.12.1996) 


United Nations Convention to Combat Desertification; Paris, 17.6.1994, entered into 
force in December 1996 


1997 
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International Convention / Protocol Date and No of Issuing 
Turkish Official Gazette 


Biodiversity Convention; opened for signature at the Earth Summit in Rio de Janeiro on 
5.6.1992, entered into force on 29.12.1993 


27.12.1996, 22860 


United Nations Framework Convention on Climate Change; 2004, and Kyoto Protocol 
on Global Warming; 2008 
 


General principle of Kyoto is, the signatory parties should decrease their GHG 
emissions by 5.2% of the 2009 amount till the end of 2012. After 2012, a new 
agreement and new emission limits will come into picture. 


Turkish Parliament accepted 
to be a signatory of Kyoto 
Protocol in February 2009. 
However, Turkey is not a 
party in the Protocol, thus 
has no commitment, until the 
end of 2012. 


 


Current National Social Legislation 


Labor and occupational health & safety issues in Turkey are governed by the Ministry of Labor and 
Social Security. Major regulations relevant to labor and working conditions are: 


• Labor Law No. 4857 (10 June 2003): Aims to regulate the working conditions and work-related 
rights and obligations of employers and employees working within the confines of an 
employment contract. 


• Regulation on Workers Health and Work Safety (09 December 2003, Off. Gaz. no: 25311): 
Stipulates the legal rights of employees. In addition, Regulation on Workers Health and Work 
Safety stipulates health and safety conditions within workplaces in detail. 


The protection of cultural heritage in Turkey is governed by the Ministry of Culture and Tourism. Law 
on Protection of Cultural and Natural Assets determines the criteria for designation of protected areas, 
principles related with the protection measures and limitations on the use of these areas under the 
supervision and power of the Committee on Protection of Cultural and Natural Assets. 


Other relevant social laws are as follows: 


• General Public Health Law (24 April 1930); 
• Public Settlement Law (21 June 1934); 
• Expropriation Law (no. 2942); 
• Land Deed and Registration Law (no. 3402); 
• Resettlement Law (21 June 1934); 
• Communication Law (no. 7201); 
• Procurement Law (no. 2986). 


Equator Principles and IFC Standards and Guidelines 


As described in Section 4 in details, The Equator Principles Financial Institutions (EPFIs) emphasize 
that they will not provide loans to projects where the borrower will not or is unable to comply with the 
EPFIs social and environmental policies and procedures that implement the Equator Principles.  


In addition, the Equator Principles endorse the applicable IFC Performance Standards, IFC General 
EHS Guidelines and IFC Industry Specific EHS Guidelines. The Performance Standards establish the 
standards that the project is to meet throughout the life of an investment by IFC or other relevant 
financial institution. General and Industry Specific EHS Guidelines provide implementation guidelines 
and environmental quality limits that projects should comply with. 


The preparation of the ESIA package for the refinery and the jetty extension has been started in 
accordance with then available IFC standards of 2006. Reference has been made in theis ESIA 
package to 2012 version of IFC standards. 
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Extensions and additions to this already available ESIA documentation have been prepared  to ensure 
the full compliance with the IFC 2012 amendments and additions to the performance standards. 


Equator Principles 


As described in Section 4, the Equator Principles Financing Institutions (EPFIs) have ten principles: 


• Principle 1: Review and Categorization 
• Principle 2: Social and Environmental Assessment 
• Principle 3: Applicable Social and Environmental Standards 
• Principle 4: Action Plan and Management System 
• Principle 5: Consultation and Disclosure 
• Principle 6: Grievance Mechanism 
• Principle 7: Independent Review 
• Principle 8: Covenants 
• Principle 9: Independent Monitoring and Reporting 
• Principle 10: EPFI Reporting 


IFC Performance Standards (2012) 


As described in Section 4, the eight Performance Standards (PSs) establish the standards that the 
project is to meet throughout the life of an investment by IFC or other relevant financial institution: 


• Performance Standard 1: Assessment and Management of Environmental and Social Risks 
and Impacts 


• Performance Standard 2: Labor and Working Conditions 
• Performance Standard 3: Resource Efficiency and Pollution Prevention 
• Performance Standard 4: Community Health, Safety, and Security 
• Performance Standard 5: Land Acquisition and Involuntary Resettlement 
• Performance Standard 6: Biodiversity Conservation and Sustainable Management of Living 


Natural Resources  
• Performance Standard 7: Indigenous Peoples 
• Performance Standard 8: Cultural Heritage  


General EHS Guidelines 


General EHS Guidelines (dated April 30, 2007) provides guidance to users on common EHS issues 
potentially applicable to all industry sectors. During the design, construction, operation and 
decommissioning of the project (the project lifecycle) the project owner will consider ambient 
conditions and apply pollution prevention and control technologies and practices (techniques) that are 
best suited to avoid or, where avoidance is not feasible, minimize or reduce adverse impacts on 
human health and the environment while remaining technically and financially feasible and cost-
effective. The project-specific pollution prevention and control techniques included in General EHS 
Guidelines are listed below: 


• Environmental 
o Air emissions and ambient air quality 
o Energy conservation,  
o Wastewater and ambient water quality, 
o Water conservation,  
o Hazardous materials management,  
o Waste management,  
o Noise,  
o Contaminated land 


• Occupational Health & Safety 
• Community Health & Safety 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 29  
 


• Construction and Decommissioning 
 


IFC EHS Guidelines for Petroleum Refining  


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) include reference values on 
environmental, health, and safety aspects. The EHS Guidelines are technical reference documents 
with general and industry specific examples of Good International Industry Practice (GIIP). These 
industry sector EHS guidelines are designed to be used together with the General EHS Guidelines. 
The EHS Guidelines for Petroleum Refining cover processing operations from crude oil to finished 
liquid products, including liquefied petroleum gas (LPG), gasoline, kerosene, diesel oil, heating oil, fuel 
oil, bitumen, asphalt, sulfur, and intermediate products (e.g. propane / propylene mixtures, virgin 
naphtha, middle distillate and vacuum distillate) for the petrochemical industry. Annex A contains a 
description of industry sector activities. Further information on EHS issues related to storage tank 
farms is provided in the EHS Guidelines for Crude Oil and Petroleum Product Terminals. The 
document includes the following issues: 


1. Industry Specific Impacts and Management 


1.1 Environmental 
- Air Emissions 
- Greenhouse Gases (GHGs) 
- Wastewater 
- Hazardous Materials 
- Wastes 
- Noise 


1.2 Occupational Health & Safety 
- Process Safety 
- Oxygen Deficient Atmosphere 
- Chemical Hazards 


1.3 Community Health & Safety 
- Major hazards 


2. Performance Indicators and Monitoring 


2.1 Environment 
- Emissions and Effluent Guidelines 
- Environmental Monitoring 
- Resources Use, Energy Consumption, Emission and Waste Generation 


2.2 Occupational Health & Safety 
- Occupational Health & Safety Guidelines 
- Accident and Fatality Rates 
- Occupational Health & Safety Monitoring 


IFC EHS Guidelines for Crude Oil and Petroleum Product Terminals 


The EHS Guidelines for Petroleum Refining (dated April 30, 2007) refers to The EHS Guidelines for 
Crude Oil and Petroleum Product Terminals for the recommended practices for storage of crude oil 
and products management of fire and explosion hazards. The EHS Guidelines for Crude Oil and 
Petroleum Product Terminals include information relevant to land and shore-based petroleum storage 
terminals receiving and dispatching bulk shipments of crude oil, gasoline, middle distillates, aviation 
gas, lube oil, residual fuel oil, compressed natural gas (CNG), liquid petroleum gas (LPG), and 
specialty products from pipelines, tankers, railcars, and trucks for subsequent commercial distribution.  


The document includes the following issues: 
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1.0 Industry Specific Impacts and Management 
1.1 Environmental 


- Air Emissions 
- Wastewater 
- Hazardous Materials and Oil 
- Waste Management 


 
1.2 Occupational Health & Safety 


- Chemical Hazards 
- Fire and Explosions 
- Confined Spaces 


1.3 Community Health & Safety 
- Visual Impacts 


2.0 Performance Indicators and Monitoring 
2.1 Environment 


- Emissions and Effluent Guidelines 
- Environmental Monitoring 


2.2 Occupational Health & Safety 
- Occupational Health & Safety Guidelines 
- Accident and Fatality Rates 
- Occupational Health & Safety Monitoring 


IFC EHS Guidelines for Ports, Harbors and Terminals 


The EHS Guidelines for Ports, Harbors, and Terminals are applicable to commercial ports, harbors, 
and terminals for cargo and passengers transfer. Shipping (including repair and maintenance of 
ships), fuel terminals, or railways are addressed in separate industry sector EHS Guidelines, 
specifically the EHS Guidelines for Shipping, Crude Oil and Petroleum Product Storage, Railways, 
respectively. Annex A provides a summary of industry sector activities. This document is organized 
according to the following sections: 


1.0 Industry-Specific Impacts and Management 
1.1 Environment 


- Dredged Materials Management 
- Air Emissions 
- General Waste Reception 
- Wastewater 
- Solid Waste Management 
- Hazardous Materials and Oil Management 
- Noise 
- Biodiversity 


1.2 Occupational Health And Safety 
- Physical Hazards 
- Chemical Hazards 
- Confined Spaces 


1.3 Community Health and Safety 
- Port Marine Safety 
- Port Security 
- Visual Impacts 


2.0 Performance Indicators and Monitoring 
2.1 Environment 
2.2. Occupational Health and Safety 
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Human Right Aspects 


 IFC’s Sustainability Framework – consisting of the Policy on Environmental and Social 
Sustainability, Performance Standards on Environmental and Social Sustainability, and 
Access to Information Policy – were released publicly on August 1, 2011, with an effective date of 
January 1, 2012. 1 


 The external context has evolved rapidly in certain thematic areas, including increased attention to 
climate change, ecosystem services, financial intermediaries, and human rights. With regard to the 
latter, the consultation process confirmed that human rights are now a major sustainability issue for 
business and their stakeholders. IFC’s commitment to respect human rights in its business activities is 
captured in the Sustainability Policy, while IFC clients’ responsibility to respect human rights is 
captured in Performance Standard 1. Other provisions in the Performance Standards also support 
various human rights relevant to business. .2 In that context many human rights risks for business can 
be effectively addressed through social and environmental considerations. This ESIA report addresses 
the requirements of each performance standards including the aspects for human rights at various 
sections. Some major items in that respect will be under:  


- Labor and Working Conditions  
- Community Health, Safety, and Security  
- Land Acquisition and Involuntary Resettlement  
- Indigenous Peoples  
- Cultural Heritage  
- Annex: Conformance Table to National Legislation, Equator Principles and IFC 


Standards for this ESIA of this document provides the information on the sections 
of the report providing assessment on these items. 


- The legal framework in Turkey on human rights are established with elsewhere 
mentioned national legislation and the following international agreements3: 
 


 


Turkey ratified the following international conventions and agreements related to human rights 
aspects. Hence, the project will be performing in line with the project relevant requirements of this 
documentation:  


Council Of Europe Documents  
• Council Of Europe Committee Of Ministers Recommendation No. R (87) 3 To Member States 


On The European Prison Rules  
• European Convention For The Protection Of Human Rights And Fundamental Freedoms (As 


Amended By Protocol No. 11)  
• Council Of Europe Convention On The Prevention Of Terrorism  
• Protocol No. 6 To The Convention For The Protection Of Human Rights And Fundamental 


Freedoms Concerning The Abolition Of The Death Penalty  
• Optional Protocol To The Convention Against Torture (Opcat)  
• European Convention On The Exercise Of Children's Rights  
• European Convention For The Prevention Of Torture And Inhuman Or Degrading Treatment 


Or Punishment  


                                                      


1 http://www1.ifc.org 
2  The International Bill of Human Rights and IFC Sustainability Framework at http://www1.ifc.org 
3 http://www.ihb.gov.tr/BilgiBankasi.aspx 
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• Protocol No. 4 To The Convention For The Protection Of Human Rights And Fundamental 
Freedoms Securing Certain Rights And Freedoms Other Than Those Already Included In The 
Convention And In The First Protocol Thereto  


• Protocol To The Convention For The Protection Of Human Rights And Fundamental 
Freedoms  


• European Social Charter  
• Protocol No. 1 To The European Convention For The Prevention Of Torture And Inhuman Or 


Degrading Treatment Or Punishment  
• Protocol No. 2 To The European Convention For The Prevention Of Torture And Inhuman Or 


Degrading Treatment Or Punishment  
 
United Nations Documents  
 


• The Statute Of The Council Of Europe  
• Convention On The Prevention And Punishment Of The Crime Of Genocide  
• Report Of The Office Of The United Nations High Commissioner For Human Rights On The 


İnternational Workshop On Enhancing Cooperation Between İnternational And Regional 
Mechanisms For The Promotion And Protection Of Human Rights  


• Optional Protocol To The Convention Against Torture (Opcat)  
• The Role Of The Ombudsman, Mediator And Other National Human Rights İnstitutions In The 


Promotion And Protection Of Human Rights  
• International Covenant On Civil And Political Rights  
• Second Optional Protocol To The International Covenant On Civil And Political Rights, 


Concerning Abolition Of The Death Penalty  
• The Universal Declaration Of Human Rights  
• The Convention Against Torture And Other Cruel, Inhuman Or Degrading Treatment Or 


Punishment  
 
The ILO conventions ratified by Turkey4 
 


• C 2 Unemployment Convention, 1919 
• C 11 Right of Association (Agriculture) Convention, 1921 
• C 14 Weekly Rest (Industry) Convention, 1921 
• C 15 Minimum Age (Trimmers and Stokers) Convention, 1921 
• C 26 Minimum Wage-Fixing Machinery Convention, 1928 
• C 29 Forced Labour Convention, 1930 
• C 34 Fee-Charging Employment Agencies Convention, 1933 
• C 42 Workmen's Compensation (Occupational Diseases) Convention (Revised), 1934 
• C 45 Underground Work (Women) Convention, 1935 
• C 53 Officers' Competency Certificates Convention, 1936 
• C 55 Shipowners' Liability (Sick and Injured Seamen) Convention, 1936 
• C 58 Minimum Age (Sea) Convention (Revised), 1936 
• C 59 Minimum Age (Industry) Convention (Revised), 1937 
• C 68 Food and Catering (Ships' Crews) Convention, 1946 
• C 69 Certification of Ships' Cooks Convention, 1946 
• C 73 Medical Examination (Seafarers Convention, 1946 
• C 77 Medical Examination of Young Persons (Industry) Convention, 1946 
• C 80 Final Articles Revision Convention, 1946 
• C 81 Labour Inspection Convention, 1947 
• C 87 Freedom of Association and Protection of the Right to Organise Convention, 1948 
• C 88 Employment Service Convention, 1948 
• C 92 Accommodation of Crews Convention (Revised), 1949 
• C 94 Labour Clauses (Public Contracts) Convention, 1949 


                                                      


4 http://www.ilo.org/public/english/region/eurpro/ankara/about/conventions.htm 
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• C 95 Protection of Wages Convention, 1949 
• C 96 Fee-Charging Employment Agencies Convention (Revised), 1949 
• C 98 Right to Organise and Collective Bargaining Convention, 1949 
• C 99 Minimum Wage Fixing Machinery (Agriculture) Convention, 1951 
• C100 Equal Remuneration Convention, 1951 
• C102 Social Security (Minimum Standards) Convention, 1952 
• C105 Abolition of Forced Labour Convention, 1957 
• C108 Seafarers' Identity Documents Convention, 1958 
• C111 Discrimination (Employment and Occupation) Convention, 1958 
• C115 Radiation Protection Convention, 1960 
• C116 Final Articles Revision Convention, 1961 
• C118 Equality of Treatment (Social Security Convention, 1962 
• C119 Guarding of Machinery Convention, 1963 
• C122 Employment Policy Convention, 1964 
• C123 Minimum Age (Underground Work) Convention, 1965 
• C127 Maximum Weight Convention, 1967 
• C133 Accommodation of Crews (Supplementary Provisions) Convention, 1970 
• C134 Prevention of Accidents (Seafarers) Convention, 1970 
• C135 Workers' Representatives Convention, 1971 
• C138 Minimum Age Convention, 1973 
• C142 Human Resources Development Convention, 1975 
• C144 Tripartite Consultation (International Labour Standards) Convention, 1976 
• C146 Seafarers' Annual Leave with Pay Convention, 1976 
• C151 Labour Relations (Public Service) Convention, 1978 
• C152 Occupational Safety and Health (Dock Work) Convention, 1979 
• C153 Hours of Work and Rest Periods (Road Transport) Convention, 1979 
• C155 Occupational Safety and Health Convention, 1981 
• C158 Termination of Employment Convention, 1982 
• C159 Vocational Rehabilitation and Employment (Disabled Persons) Convention, 1983 
• C161 Occupational Health Services Convention, 1985 
• C164 Health Protection and Medical Care (Seafarers) Convention, 1987 
• C166 Repatriation of Seafarers Convention (Revised), 1987 
• C182 Worst Forms of Child Labour Convention, 1999 


 
Other International Standards 


The following standards are referred at IFC Guidelines: 


• WHO Ambient Air Quality Standards 
• WHO Drinking Water Standards  


In addition, the following guidelines and standards will be utilized: 


• Dutch Intervention Values for Soil Quality, where needed,  
• IUCN Red Data Book for protected species (fauna and flora)  


EBRD Performance Requirements (PRs) 


Bank-financed projects are expected to meet good international practice related to sustainable 
development. To help clients and/or their projects achieve this, the Bank has defined specific PRs for 
key areas of environmental and social issues and impacts as listed below: 


���� PR1 : Environmental and Social Appraisal and Management 
���� PR2 : Labour and Working Conditions 
���� PR3 : Pollution Prevention and Abatement 
���� PR4 : Community Health, Safety and Security 
���� PR5 : Land Acquisition, Involuntary Resettlement and Economic Displacement 
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���� PR6 : Biodiversity Conservation and Sustainable Natural Resource Management 
���� PR7 : Indigenous Peoples 
���� PR8 : Cultural Heritage 
���� PR9 : Financial Intermediaries 
���� PR10 : Information Disclosure and Stakeholder Engagement 


PRs 1 through 8 and 10 include the requirements for direct investment operations; PR 2 and PR 9 
are for financial intermediary operations. Each PR defines, in its objectives, the desired outcomes, 
followed by specific requirements for clients to help them achieve these outcomes. Compliance with 
relevant national laws is an integral part of all PRs.  


The EBRD will require clients to structure projects so that they meet all applicable PRs. Central to this 
is a consistent approach to seek to avoid adverse impacts on workers, communities, and the 
environment, or if avoidance is not possible, to reduce, mitigate, or compensate for the impacts, as 
appropriate. The PRs also provide a solid base from which clients may improve the sustainability of 
their business operations. 


New facilities or business activities to be financed by EBRD will be designed to meet the PRs from the 
outset. If a proposed business activity to be financed by the EBRD relates to existing facilities that do 
not meet the PRs at the time of Board approval, the client will be required to adopt and implement an 
Environmental and Social Action Plan (ESAP), satisfactory to the EBRD, that is technically and 
financially feasible and cost-effective to achieve compliance of these facilities with EBRD’s 
requirements within a time frame acceptable to the EBRD. If the Bank operation is to provide general 
corporate finance, working capital or equity financing for a multi-site company, the client will be 
required to develop and implement an ESAP at the corporate level (as opposed to the site-specific 
level). 


Regulatory Framework Applicable for the Project 


Applicable National Regulations and International Guidelines 


Turkish National Regulations and IFC Guidelines and EU Directives that are applicable to the Project 
are provided in Table A.2-4:  below. Wastewater relevant regulations and guidelines are provided for 
informative purposes, whereas the others are not included. 
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Table A.2-4: Relevant Regulations and Guidelines for the Refinery Project 


Issue Relevant Guidelines and Regulations  


Construction Phase 


Environmental Issues 


Air Quality  


• IFC General EHS Guidelines  
- Environmental - Air Emissions and Ambient Air Quality 
- Construction and Decommissioning – Air Quality 


• Turkish Regulations 
- Regulation on Air Pollution caused by Heating 


• EU Regulations 
- Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 


ambient air quality and cleaner air for Europe 
- Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 


relating to emissions from air-conditioning systems in motor vehicles and amending 
Council Directive 70/156/EEC 


- Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 
- Regulation (EC) No 2037/2000 of the European Parliament and of the Council of 29 


June 2000 on substances that deplete the ozone layer 


Energy 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Energy Conservation 


• Turkish Regulations 
- Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy 


Usage 
• EU Regulations 


- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 
concerning integrated pollution prevention and control 


- EC/JRC 2008: IPPC Reference Document on Best Available Techniques for Energy 
Efficiency. June 2008 


- Directive 2002/91/EC of the European Parliament and of the Council of 16 December 
2002 on the energy performance of buildings 
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Issue Relevant Guidelines and Regulations  


Water And 
Wastewater 
Quality 


• IFC General EHS Guidelines  
- Environmental - Wastewater and Ambient Water Quality 
- Construction and Decommissioning – Wastewater Discharges 


• Turkish Regulations 
- Regulation on Water Pollution Control 


• EU Regulations 
- Council Directive 91/271/EEC of 21 May 1991 Concerning Urban Wastewater 


Treatment 
- Council Directive of 12 December 1991 concerning the protection of waters against 


pollution caused by nitrates from agricultural sources 
- Council Directive of 16 June 1975 concerning the quality required of surface water 


intended for the abstraction of drinking water in the Member States 
- Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006 


concerning the management of bathing water quality and repealing Directive 
76/160/EEC, 


- Directive 2000/60/EC of the European Parliament and of the Council of 23 October 
2000 establishing a framework for Community action in the field of water policy 


- Directive 2006/118/EC of the European Parliament and of the Council of 12 December 
2006 on the protection of groundwater against pollution and deterioration 


Water 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Water Conservation 


• EU Regulations 
- Directive 2006/11/EC of the European Parliament and of the Council of 15 February 


2006 on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 


- Council Directive of 12 June 1986 on limit values and quality objectives for discharges 
of certain dangerous substances included in List I of the Annex to Directive 76/464/EEC 
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Issue Relevant Guidelines and Regulations  


Hazardous 
Materials 
Management 


• IFC General EHS Guidelines 
- Environmental - Hazardous Materials Management 
- Construction and Decommissioning – Hazardous Materials 


• Turkish Regulations 
- Regulation on Restrictions on the Production, Placing on the Market, and Use of Some 


Hazardous Materials 
• EU Regulations 


- Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending 
Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and 
Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and 
Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC 


- Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, 
regulations and administrative provisions relating to the classification, packaging and 
labelling of dangerous substances 


- Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 
concerning the approximation of the laws, regulations and administrative provisions of 
the Member States relating to the classification, packaging and labelling of dangerous 
preparations 
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Issue Relevant Guidelines and Regulations  


Waste 
Management 


• IFC General EHS Guidelines  
- Environmental - Waste Management 
- Construction and Decommissioning – Solid Waste 


• Turkish Regulations 
- Regulation on Control of Solid Wastes 
- Regulation on General Principles of Waste Management 
- Regulation on Control of Excavation Soil and Construction Debris 
- Regulation on Control of Hazardous Waste  
- Regulation on Control of Waste Oils  
- Regulation on Control of Medical Wastes 


• EU Regulations 
- Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on 


waste, 
- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 


June 2006 on shipments of waste 
- Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated 


biphenyls and polychlorinated terphenyls (PCB/PCT) 
- Directive 94/62/EC of the European Parliament and of the Council of 20 December 1994 


on packaging and packaging waste 
- Directive 2002/96/EC of the European Parliament and of the Council of 27 January 


2003 on waste electrical and electronic equipment (WEEE) 
- Directive 2002/95/EC of the European Parliament and of the Council of 27 January 


2003 on the restriction of the use of certain hazardous substances in electrical and 
electronic equipment 


Noise 


• IFC General EHS Guidelines  
- Environmental - Noise 
- Construction and Decommissioning – Noise and Vibration 


• Turkish Regulations 
- Regulation on Assessment and Management of Environmental Noise 


• EU Regulations 
- Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 


relating to the assessment and management of environmental noise 


Soil Quality 


• IFC General EHS Guidelines -  
- Environmental - Contaminated Land 
- Construction and Decommissioning – Soil Erosion, Contaminated Land 


• Turkish Regulations 
- Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 


• EU Regulations 
- Council Directive of 12 June 1986 on the protection of the environment, and in particular 


of the soil, when sewage sludge is used in agriculture 
- Directive 2004/35/CE of 21 April 2004 on environmental liability with regard to the 


prevention and remedying of environmental damage 
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Issue Relevant Guidelines and Regulations  


Occupational and Community Health and Safety Issues 


Occupational 
and 
Community 
Health and 
Safety 


• IFC General EHS Guidelines  
- Occupational Health and Safety 
- Community Health and Safety  


• Turkish Regulations 
- See Table A.2-2:  


• EU Regulations 
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 


encourage improvements in the safety and health of workers at work 
- Council Directive 89/654/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the workplace 
- Council Directive 89/655/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the use of work equipment by workers at work (amending 
directives 95/63/EC and 2001/45/EC) 


- Council Directive 89/656/EEC of 30 November 1989 on the minimum health and safety 
requirements for the use by workers of personal protective equipment at the workplace 


- Council Directive 83/477/EEC of 19 September 1983 on the protection of workers from 
the risks related to exposure to asbestos at work 


- Council Directive 90/269/EEC of 29 May 1990 on the minimum health and safety 
requirements for the manual handling of loads where there is a risk particularly of back 
injury to workers 


- Council Directive 90/270/EEC of 29 May 1990 on the minimum safety and health 
requirements for work with display screen equipment 


- Directive 2004/37/EC of the European Parliament and of the Council of 29 April 2004 on 
the protection of workers from the risks related to exposure to carcinogens or mutagens 
at work 


- Directive 2000/54/EC of the European Parliament and of the Council of 18 September 
2000 on the protection of workers from risks related to exposure to biological agents at 
work 


- Council Directive 92/57/EEC of 24 June 1992 on the implementation of minimum safety 
and health requirements at temporary or mobile construction sites 


- Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for the 
provision of safety and/or health signs at work 


- Council Directive 92/85/EEC of 19 October 1992 on the introduction of measures to 
encourage improvements in the safety and health at work of pregnant workers and 
workers who have recently given birth or are breastfeeding 


- Directive 1999/92/EC of the European Parliament and of the Council of 16 December 
1999 on minimum requirements for improving the safety and health protection of 
workers potentially at risk from explosive atmospheres 


- Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (vibration) 


- Directive 2003/10/EC of the European Parliament and of the Council of 6 February 2003 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (noise) 


- Directive 2004/40/EC of the European Parliament and of the Council of 29 April 2004 on 
the minimum health and safety requirements regarding the exposure of workers to the 
risks arising from physical agents (electromagnetic fields) 


- Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on 
the protection of the health and safety of workers from the risks related to chemical 
agents at work 


- Council Directive 80/1107/EEC of 27 November 1980 on the protection of workers from 
the risks related to exposure to chemical, physical and biological agents at work 


- Council Directive 88/364/EEC of 9 June 1988 on the protection of workers by the 
banning of certain specified agents and/or certain work activities 


- Council Directive 96/82/EC of 9 December 1996 on the control of major-accident 
hazards involving dangerous substances 
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Issue Relevant Guidelines and Regulations  


Operations Phase 


Environmental Issues 


Air Quality  


• IFC General EHS Guidelines 
- Environmental - Air Emissions and Ambient Air Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Air Emissions, 


Greenhouse Gases (GHG) 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
- Regulation on Industrial Air Pollution Control 
- Regulation on Assessment and Management of Air Quality  
- Regulation on Decreasing the Ozone Depleting Materials 
- Regulation on Control of Exhaust Gas Emission 
- Regulation on Odor Causing Emissions 


• EU Regulations 
- Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on 


ambient air quality and cleaner air for Europe 
- Directive 2004/107/EC of the European Parliament and of the Council of 15 December 


2004 relating to arsenic, cadmium, mercury, nickel and polycyclic aromatic 
hydrocarbons in ambient air 


- Directive 2003/87/EC of the European Parliament and of the Council of 13 October 
2003 establishing a scheme for greenhouse gas emission allowance trading within the 
Community and amending Council Directive 96/61/EC 


- Directive 2006/40/EC of the European Parliament and of the Council of 17 May 2006 
relating to emissions from air-conditioning systems in motor vehicles and amending 
Council Directive 70/156/EEC 


- Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste 
- Regulation (EC) No 2037/2000 of the European Parliament and of the Council of 29 


June 2000 on substances that deplete the ozone layer 
- Directive 2001/80/EC of the European Parliament and of the Council of 23 October 


2001 on the limitation of emissions of certain pollutants into the air from large 
combustion plants 


Energy 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Energy Conservation 


• IFC EHS Guidelines for Petroleum Refining 
- Performance Indicators and Monitoring – Environment – Resource Use, Energy 


Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on the Improvement of the Energy Sources and the Efficiency in the Energy 
Usage 


• EU Regulations 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control 
- EC/JRC 2008: IPPC Reference Document on Best Available Techniques for Energy 


Efficiency. June 2008 
- Directive 2002/91/EC of the European Parliament and of the Council of 16 December 


2002 on the energy performance of buildings 
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Issue Relevant Guidelines and Regulations  


Water and 
Wastewater 
Quality  


• IFC General EHS Guidelines 
- Environmental - Wastewater and Ambient Water Quality 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 
- Performance Indicators and Monitoring – Environment – Emissions and Effluent 


Guidelines; Environmental Monitoring; Resource Use, Energy Consumption, Emission 
and Waste Generation 


• Turkish Regulations 
- Regulation on Water Pollution Control  


• EU Regulations 
- Council Directive of 12 December 1991 concerning the protection of waters against 


pollution caused by nitrates from agricultural sources 
- Council Directive of 16 June 1975 concerning the quality required of surface water 


intended for the abstraction of drinking water in the Member States 
- Council Directive of 22 March 1982 on limit values and quality objectives for mercury 


discharges by the chloralkali electrolysis industry 
- Council Directive of 26 September 1983 on limit values and quality objectives for 


cadmium discharges 
- Council Directive of 9 October 1984 on limit values and quality objectives for discharges 


of 
- hexachlorocyclohexane 
- Directive 2006/7/EC of the European Parliament and of the Council of 15 February 2006 


concerning the management of bathing water quality and repealing Directive 
76/160/EEC, 


- Directive 2000/60/EC of the European Parliament and of the Council of 23 October 
2000 establishing a framework for Community action in the field of water policy 


- Directive 2006/118/EC of the European Parliament and of the Council of 12 December 
2006 on the protection of groundwater against pollution and deterioration 


Water 
Conservation 


• IFC General EHS Guidelines 
- Environmental – Water Conservation 


• EU Regulations 
- Directive 2006/11/EC of the European Parliament and of the Council of 15 February 


2006 on pollution caused by certain dangerous substances discharged into the aquatic 
environment of the Community 


- Council Directive of 12 June 1986 on limit values and quality objectives for discharges 
of certain dangerous substances included in List I of the Annex to Directive 76/464/EEC 


Hazardous 
Materials 
Management 


• IFC General EHS Guidelines 
- Environmental - Hazardous Materials Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastewater 


• IFC EHS Guidelines for Crude Oil and Petroleum Product Terminals  
• Turkish Regulations 


- Regulation on Restrictions on the Production, Placing on the Market, and Use of Some 
Hazardous Materials 


- Regulation on Inventory and Control of the Chemicals 
• EU Regulations 


- Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 18 
December 2006 concerning the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH), establishing a European Chemicals Agency, amending 
Directive 1999/45/EC and repealing Council Regulation (EEC) No 793/93 and 
Commission Regulation (EC) No 1488/94 as well as Council Directive 76/769/EEC and 
Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC 


- Council Directive 67/548/EEC of 27 June 1967 on the approximation of laws, 
regulations and administrative provisions relating to the classification, packaging and 
labelling of dangerous substances 


- Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 
concerning the approximation of the laws, regulations and administrative provisions of 
the Member States relating to the classification, packaging and labelling of dangerous 
preparations 
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Issue Relevant Guidelines and Regulations  


Waste 
Management 


• IFC General EHS Guidelines  
- Environmental - Waste Management 


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Wastes 
- Performance Indicators and Monitoring – Environment – Environmental Monitoring; 


Resource Use, Energy Consumption, Emission and Waste Generation 
• Turkish Regulations 


- Regulation on Solid Waste Control 
- Regulation on General Principles of Waste Management 
- Regulation on Hazardous Waste Control  
- Regulation on Waste Oil Control  
- Regulation on Medical Waste Control  
- Regulation on Control of Waste Batteries and Accumulators 
- Regulation on Control of Vegetative Oils 
- Regulation on Control of PCB and PCTs  
- Regulation on Package Waste Control  


• EU Regulations 
- Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 on 


waste 
- Regulation (EC) No 1013/2006 of the European Parliament and of the Council of 14 


June 2006 on shipments of waste 
- Council Directive 96/59/EC of 16 September 1996 on the disposal of polychlorinated 


biphenyls and polychlorinated terphenyls (PCB/PCT) 
- Directive 94/62/EC of the European Parliament and of the Council of 20 December 1994 


on packaging and packaging waste 
- Directive 2002/96/EC of the European Parliament and of the Council of 27 January 


2003 on waste electrical and electronic equipment (WEEE) 
- Directive 2002/95/EC of the European Parliament and of the Council of 27 January 


2003 on the restriction of the use of certain hazardous substances in electrical and 
electronic equipment 


Noise  


• IFC General EHS Guidelines 
- Environmental - Noise  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Environmental – Noise 


• Turkish Regulations 
- Regulation on Assessment and Management of Environmental Noise 


• Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 
relating to the assessment and management of environmental noise 


Soil Quality 


• IFC General EHS Guidelines 
- Environmental - Contaminated Land 


• Turkish Regulations 
- Regulation on Control of Soil Pollution and Contaminated Lands by Point Sources 


• Council Directive of 12 June 1986 on the protection of the environment, and in particular of 
the soil, when sewage sludge is used in agriculture 


• Directive 2004/35/CE of 21 April 2004 on environmental liability with regard to the 
prevention and remedying of environmental damage 
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Issue Relevant Guidelines and Regulations  


Occupational and Community Health and Safety Issues 


Occupational 
and 
Community 
Health and 
Safety  


• IFC General EHS Guidelines   
- Occupational Health and Safety 
- Community Health and Safety  


• IFC EHS Guidelines for Petroleum Refining 
- Industry Specific Impacts and Management – Occupational Health and Safety; 


Community Health and Safety 
- Performance Indicators and Monitoring – Occupational Health and Safety 


• Turkish Regulations 
- See Table A.2-2:  


• EU Regulations 
- Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 


encourage improvements in the safety and health of workers at work 
- Council Directive 89/654/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the workplace 
- Council Directive 89/655/EEC of 30 November 1989 concerning the minimum safety 


and health requirements for the use of work equipment by workers at work (amending 
directives 95/63/EC and 2001/45/EC) 


- Council Directive 89/656/EEC of 30 November 1989 on the minimum health and safety 
requirements for the use by workers of personal protective equipment at the workplace 


- Council Directive 83/477/EEC of 19 September 1983 on the protection of workers from 
the risks related to exposure to asbestos at work 


- Council Directive 90/269/EEC of 29 May 1990 on the minimum health and safety 
requirements for the manual handling of loads where there is a risk particularly of back 
injury to workers 


- Council Directive 90/270/EEC of 29 May 1990 on the minimum safety and health 
requirements for work with display screen equipment 


- Directive 2004/37/EC of the European Parliament and of the Council of 29 April 2004 on 
the protection of workers from the risks related to exposure to carcinogens or mutagens 
at work 


- Directive 2000/54/EC of the European Parliament and of the Council of 18 September 
2000 on the protection of workers from risks related to exposure to biological agents at 
work 


- Council Directive 92/57/EEC of 24 June 1992 on the implementation of minimum safety 
and health requirements at temporary or mobile construction sites 


- Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for the 
provision of safety and/or health signs at work 


- Council Directive 92/85/EEC of 19 October 1992 on the introduction of measures to 
encourage improvements in the safety and health at work of pregnant workers and 
workers who have recently given birth or are breastfeeding 


- Directive 1999/92/EC of the European Parliament and of the Council of 16 December 
1999 on minimum requirements for improving the safety and health protection of 
workers potentially at risk from explosive atmospheres 


- Directive 2002/44/EC of the European Parliament and of the Council of 25 June 2002 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (vibration) 


- Directive 2003/10/EC of the European Parliament and of the Council of 6 February 2003 
on the minimum health and safety requirements regarding the exposure of workers to 
the risks arising from physical agents (noise) 


- Directive 2004/40/EC of the European Parliament and of the Council of 29 April 2004 on 
the minimum health and safety requirements regarding the exposure of workers to the 
risks arising from physical agents (electromagnetic fields) 


- Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on 
the protection of the health and safety of workers from the risks related to chemical 
agents at work 


- Council Directive 80/1107/EEC of 27 November 1980 on the protection of workers from 
the risks related to exposure to chemical, physical and biological agents at work 


- Council Directive 88/364/EEC of 9 June 1988 on the protection of workers by the 
banning of certain specified agents and/or certain work activities 


- Council Directive 96/82/EC of 9 December 1996 on the control of major-accident 
hazards involving dangerous substances 
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Issue Relevant Guidelines and Regulations  


Other • EU Regulation 
- Council Directive of 27 June 1985 on the assessment of the effects of certain public and 


private projects on the environment. 
- Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 


concerning integrated pollution prevention and control. 


 


Permitting Responsibilities  


Permitting responsibilities associated with STAR is EIA Study and Development Consent for 
STAR (EIA Regulation): EIA has been completed and the development consent has been 
obtained from the former MoEF in 2009. 


Further permitting responsibilities associated with the third party services are summarized 
below: 


• EIA Study and Development Consent for Petkim Port Extension for Refinery Activities 
(EIA Regulation): EIA has been completed by Petkim and the development consent has 
been obtained from the MoEU in January 2012. This EIA permit includes Jetty I and Jetty 
II of STAR Marine Terminal. For other jetties in Terminal and any project change in legally 
approved project, related EIA permits will be observed before construction. 


• EIA Study and Development Consent for Wastewater Treatment Plant (EIA Regulation): 
According to correspondence of the MoEU about EIA responsibility of new WWTP, this 
project will not need to have EIA permit in accordance with EIA Regulation; since 
capacity of the WWTP (22,000 m3/day) is below limit value of the Regulation (30.000 
m3/day). 


• Approval of Wastewater Treatment Plant Project Design (Regulation on Water Pollution 


Control): Petkim is responsible for the design and approvals of WWTP. Design works are 
currently underway. 


• Risk Assessment for Petkim Port for Refinery Activities (Regulation of Implementation of 
the Law on Emergency Response and Compensations on Marine Pollution by Petroleum 
and Other Hazardous Wastes): A risk assessment study has been completed by Petkim 
for current port operations. Similar Risk Assessment study which has Oil Spill Emergency 
Response Plan will be started one year ago of the jetties start-up to include the STAR 
Marine Terminal operations in compliance with Regulation of Implementation of the Law 
on Emergency Response and Compensations on Marine Pollution by Petroleum and 
Other Hazardous Wastes in advance of operation phase. 
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Requirements of Environmental Limits in Turkish Regulations and IFC Guidelines and EU Regulations 


Water and Wastewater Quality 


Water Quality 


The Regulation on Water Pollution Control provides quality criteria for surface, marine and ground 
waters, rules and principles for water pollution control, and industry specific discharge (effluent) 
standards. Regulation - Table 4 provides the general quality criteria of marine water as presented 
below in Table A.2-5: . 


Table A.2-5: Marine Water General Quality Criteria - Regulation on Water Pollution Control 


Parameter Criteria Notes 


pH  6-9 
 


Color and turbidity Natural Should be in the level that does not affect more than 90% the normal value 
of the photosynthesis activity required for natural aquatic life at the depth 
of measurement depth. 


Floating substances -- Floating oil, tar, etc liquids and garbage etc solid substances.  


Suspended Solid 
(mg/l) 


30  


Dissolved Oxygen 
(mg/l) 


Over 
90% of 
saturation 


Dissolved oxygen values should be monitored throughout the depth.  


Degradable Organic 
Polluters 


-- Should be in the level that does not affect dissolved oxygen content more 
than mentioned above. 


Crude Oil and 
Petroleum Products 
(mg/l) 


0.002 Should be separately evaluated in water, biota and sediments, preferably 
should not exist. 


Radioactivity -- Natural radioactivity type and levels of the subject marine environment 
should not be exceeded. Artificial radioactivity should be in non-
measurable level. 


Productivity -- Seasonal productivity level in the subject marine environment should be 
saved.  


Toxicity Should 
not exist 


 


Phenols (mg/l) 0.001  


Miscellaneous heavy 
metals 


  


Cupper (mg/l( 0.01  


Cadmium (mg/l) 0.01  


Chromium (mg/l) 0.1  


Lead (mg/l) 0.1  


Nickel (mg/l) 0.1  


Zinc (mg/l) 0.1  
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Parameter Criteria Notes 


Mercury (mg/l) 0.004  


Arsenic (mg/l) 0.1  


Ammonia (mg/l) 0.02  


 


Domestic Wastewater Effluent Quality 


It is estimated that the average number of people working on-site would be ~2,000 – 3,000 for 
construction activities and ~600 for operation activities. The number of people may reach a peak level 
of 7,000 during construction activities and package treatment plants and/or Petkim’s existing WWTP 
will be used for the treatment of construction phase domestic waste waters and the wastewater will 
discharge to the closest receiving body. A new waste water treatment unit will be built for operation 
phase domestic wastewaters from the STAR Project activities (~160 m3/hr).  


Regulation on Water Pollution Control - Table 21 and Table 22 indicate domestic wastewater 
discharge standards for equivalent population of 84 - 2,000 and equivalent population of 2,000 - 
10,000, respectively. However, the provisions set in Turkish Urban Wastewater Treatment Regulation, 
of which the discharge quality standards will be valid by 31.12.2014, are exactly the same with the 
provisions set in EU Directive 91/271/EEC on Urban Wastewater Treatment. The EU Directive 
91/271/EEC sets the general rule of; secondary treatment in all areas, and tertiary treatment with 
enhanced removal of nutrient is required for sensitive areas. 


IFC General EHS Guidelines - Table 1.3.1 provides indicative values for treated sanitary sewage 
discharges. 


Table A.2-6: Domestic Wastewater Discharge Standards – Turkish and EU Regulations and IFC 
Guidelines 


PARAM
ETER 


UNI
T 


Turkish 
Regulation on 
Water Pollution 
Control 


Table 21 


Domestic 
Wastewater 
Discharge 
Standards 


for equivalent 
population of 
84-2,000 


Turkish 
Regulation on 
Water Pollution 
Control 


Table 21 


Domestic 
Wastewater 
Discharge 
Standards 


for equivalent 
population of 
2,000 – 10,000 


Turkish Urban 
Wastewater 
Treatment 
Regulation 


(dated 8.1.2006) 


 


(limits to be 
applied after 
31.12.2014) 


Council 
Directive 
91/271/EEC of 21 
May 1991 
Concerning 
Urban 
Wastewater 
Treatment 


(amended by 
Commission 
Directive 
98/15/EC, 
Regulation (EC) 
No 1882/2003, 
Regulation (EC) 
No 1137/2008) 


IFC 
Gener
al EHS 
Guideli
nes 


Table 
1.3.1 


Indicat
ive 
Values 
for 
Treate
d 
Sanita
ry 
Sewag
e 
Discha
rges 


Comp
osite 
Sampl
e 


2 Hour 


Comp
osite 
Sampl
e 


24 


Comp
osite 
Sampl
e 


2 Hour 


Comp
osite 
Sampl
e 


24 


Concent
ration 


(mg/L) 


Minim
um 
Treat
ment 
Efficie
ncy 


Concent
ration 


(mg/L) 


Minim
um 
Treat
ment 
Efficie
ncy 
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Hour Hour (%) (%) 


Biochem
ical 
Oxygen 
Demand 
(BOD5) 


mg/l 50 45 50 45 25 70-90 


 


40 


25 70-90 


 


40* 


30 


Chemica
l Oxygen 
Demand 
(COD) 


mg/l 180 120 160 110 125 75 125 75 125 


Suspend
ed 
Solids 
(SS) 


mg/l 70 45 60 30 35 


35 (more 
than 
10,000 
p.e.) 


60 
(2,000-
10,000 
p.e.) 


90 


90 
(more 
than 
10,00
0 p.e.) 


70 
(2,000
-
10,00
0 p.e.) 


35 


35 (more 
than 
10,000 
p.e.) 


60 
(2,000-
10,000 
p.e.) 


90 


90 
(more 
than 
10,00
0 p.e.) 


70 
(2,000
-
10,00
0 p.e.) 


50 


pH  - 6-9 6-9 6-9 6-9     6-9 


Total 
nitrogen 


mg/l         10 


Total 
phospho
rus  


mg/l         2 


Oil and 
grease  


mg/l         10 


Total 
coliform 
bacteria 


MP
N** 
/ 
100 
ml 


        400 


* Not applicable to centralized, municipal wastewater treatment systems which are included in EHS Guidelines for 
Water and Sanitation. 


** MPN = Most Probable Number 


 


Table  below gives the comparison between relevant Turkish, EU standards and IFC guideline values 
for domestic wastewater discharge. 
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Table A.2-7: Domestic Wastewater Discharge Standards – Turkish and EU Regulations and IFC Guidelines 


PARAMETER UNIT Turkish Regulation on 
Water Pollution Control 


Table 21 
Domestic Wastewater 
Discharge Standards 


for equivalent 
population of 84-2,000 


Turkish Regulation on 
Water Pollution Control 


Table 21 
Domestic Wastewater 
Discharge Standards 


for equivalent population of 
2,000 – 10,000 


Turkish Urban Wastewater 
Treatment Regulation 


(dated 8.1.2006) 
 


(limits to be applied after 
31.12.2014) 


Council Directive 91/271/EEC 
of 21 May 1991 Concerning 


Urban Wastewater Treatment 
(amended by Commission 


Directive 98/15/EC, Regulation 
(EC) No 1882/2003, Regulation 


(EC) No 1137/2008) 


IFC General 
EHS 


Guidelines 
Table 1.3.1 
Indicative 
Values for 


Treated 
Sanitary 
Sewage 


Discharges 


Composite 
Sample 
2 Hour 


Composite 
Sample 
24 Hour 


Composite 
Sample 
2 Hour 


Composite 
Sample 
24 Hour 


Concentration 
(mg/L) 


Minimum 
Treatment 
Efficiency 


(%) 


Concentration 
(mg/L) 


Minimum 
Treatment 
Efficiency 


(%) 


Biochemical 
Oxygen Demand 
(BOD5) 


mg/l 50 45 50 45 25 70-90 
 
40 


25 70-90 
 
40* 


30 


Chemical 
Oxygen Demand 
(COD) 


mg/l 180 120 160 110 125 75 125 75 125 


Suspended 
Solids (SS) 


mg/l 70 45 60 30 35 
35 (more than 
10,000 p.e.) 
60 (2,000-
10,000 p.e.) 


90 
90 (more than 
10,000 p.e.) 
70 (2,000-
10,000 p.e.) 


35 
35 (more than 
10,000 p.e.) 
60 (2,000-
10,000 p.e.) 


90 
90 (more than 
10,000 p.e.) 
70 (2,000-
10,000 p.e.) 


50 


pH  - 6-9 6-9 6-9 6-9     6-9 


Total nitrogen mg/l         10 


Total 
phosphorus  


mg/l         2 


Oil and grease  mg/l         10 


Total coliform 
bacteria 


MPN** 
/ 100 
ml 


        400 


* Not applicable to centralized, municipal wastewater treatment systems which are included in EHS Guidelines for Water and Sanitation. 
** MPN = Most Probable Number 
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Industrial Wastewater Effluent Quality  


A new waste water treatment unit (WWTU) for STAR will be built. WWTU discharges to the sea (the 
closest receiving environment) after local and international standard, described below, are satisfied. 


The applicable national regulations for the discharge standards for industrial wastewaters of petroleum 
refineries and of petrochemical plants are as follows: 


• Refineries: Regulation of Water Pollution Control - Table 11.1: Industrial Wastewater 
Discharge Standards for Petroleum Sector (Petroleum Refineries and Equivalents) 
and Table 11.2: Industrial Wastewater Discharge Standards for Petroleum Sector 
(Petroleum Loading Plants and Equivalents). 


• Petrochemical plants: Regulation of Water Pollution Control - Table 14.1: Industrial 
Wastewater Discharge Standards for Chemicals Manufacturing Sector (Chlor-alkali) 
and Table 14.12: Industrial Wastewater Discharge Standards for Chemicals 
Manufacturing Sector (Petrochemicals and Hydrocarbons manufacturing plants). 


Regulation on Water Pollution Control - Table 11.1, Table 11.2, Table 14.1 and Table 14.2 indicate 
industrial wastewater discharge standards for petroleum industry (petroleum refineries etc), petroleum 
industry (petroleum loading etc.), chemical manufacturing sector (chlor-alkali) and chemical 
manufacturing sector (petrochemicals and hydrocarbons) respectively.  


IFC General EHS Guidelines - 1.3 Wastewater and Ambient Water Quality section state that 
Discharges of process wastewater, sanitary wastewater, wastewater from utility operations or storm 
water to surface water should not result in contaminant concentrations in excess of local ambient 
water quality criteria or, in the absence of local criteria, other sources of ambient water quality. 


IFC EHS Guidelines for Petroleum Refining - Performance Indicators and Monitoring – Environment – 
Emissions and Effluent Guidelines – Table 2 provides sector specific effluent standards. 


A comparison between the Turkish Regulations and IFC EHS Guidelines for wastewater effluent 
quality of petroleum refining sector is provided in the table below.  
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Table A.2-8: Comparison of Wastewater Effluent Standards for Petroleum Refineries in IFC 
Guideline and Turkish Regulations 


Pollutant Unit IFC EHS 
Guidelines 


for 
Petroleum 
Refining 
Table 2: 
Effluent 


Levels for 
Petroleum 
Refining 
Facilities 


Turkish Water Pollution Control Regulation 
Industrial Effluent Discharge Standards  (Composite sample values) 


Table 11.1 
Petroleum 
Industry 


(Petroleum 
Refineries, etc.) 


Table 11.2 
Petroleum 
Industry 


(Petroleum 
Loading, etc.) 


Table 14.1 
Chemicals 


Manufacturing 
Sector 


(Chlor-alkali) 


Table 14.2 
Chemicals 


Manufacturing 
Sector 


(Petrochemicals 
and 


Hydrocarbons) 


2 hr 24 hr 2 hr 24 hr 2 hr 24 hr 2 hr 24 hr 


pH   S.U. 6 – 9 6 - 9 6 - 9 6-9 6-9 -- --   


BOD5   mg/l  30   --- --- -- -- -- --   


COD   mg/l  150   --- --- 400 200 80 50 300 250 


TSS   mg/l  30   120 60 60 30 -- -- 200 100 


Oil and Grease mg/l  10   20 10 40 20 -- -- 20 10 


Chromium (total) mg/l  0.5   --- --- -- -- -- --   


Chromium 
(hexavalent) 


mg/l  0.05   0.2 0.1 -- -- -- -- 0.5 0.2 


Copper   mg/l  0.5   --- --- -- -- -- -- 1 0.5 


Iron   mg/l  3   --- --- -- -- -- --   


Cyanide Total 
Free 


mg/l  1  
0.1   


2 1 0.5 
(total 
Cn-) 


0.2 
(total 
Cn-) 


-- --   


Lead  (Pb) mg/l  0.1   --- --- -- -- -- -- 1 0.5 


Nickel   mg/l  0.5   --- --- -- -- -- --   


Mercury   mg/l  0.02   --- --- -- -- -- 0.05 -- 0.05 


Vanadium   mg/l  1   --- --- -- -- -- --   


Phenol   mg/l  0.2   2 1 2 1 -- -- 2 1 


Benzene   mg/l  0.05   --- --- -- -- -- --   


Benzo(a)pyrene mg/l  0.05   --- --- -- -- -- --   


Sulfides   mg/l  1   --- --- -- -- -- --   


Total Nitrogen   mg/l  10 -b.   --- --- -- -- -- --   


Total Phosphorus mg/l  2   --- --- -- -- -- --   


Temperature 
increase   


°C    <3 -c.   --- --- -- -- -- --   


Ammonium 
Nitrogen  
(NH4-N) 


mg/l --- 40 20 -- -- -- -- 20 10 


Hydrocarbons mg/l --- 15 10 6 8 -- -- 15 10 


Sulfur (S-2) mg/l --- 2 1 2 1 -- -- 2 1 


Total Cyanide mg/l --- 2 1 -- -- -- -- 1 0.5 


Free chlorine (Cl) mg/l -- -- -- -- -- 5 -- 5 -- 


Cadmium (Cd) mg/l -- -- -- -- -- -- -- 0.15 0.10 


Zinc (Zn) mg/l -- -- -- -- -- -- -- 1 0.5 


Fish Bioassay 
(ZSF) 


-- -- -- -- -- -- 5 -- 6 4 


Notes for IFC Guidelines:  
a. Assumes an integrated petroleum refining facility 
b. The effluent concentration of nitrogen (total) may be up to 40 mg/l in processes that include hydrogenation. 
c. At the edge of a scientifically established mixing zone which takes into account ambient water quality. 
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Air Quality  


Ambient Air Quality 


Regulation on Assessment and Management of Air Quality (RAMAQ) – Annex I: Limit Values, Target 
Values, Long Term Targets, Evaluation Thresholds, Public Information Thresholds provides ambient 
air quality values for human health and ecosystem for after January 1, 2014. Annex I - A: Transition 
Period Short and Long Term Limits provides quality values for human health and ecosystem for the 
period between January 1, 2009 and January 1, 2014.  


IFC General EHS Guidelines - Environmental Air Emissions and Ambient Air Quality refers to WHO 
Ambient Air Quality Guidelines for recommended values, to be used in the absence of national 
standards. WHO Air Quality Guidelines for Europe, 2000 includes values also for sensitive vegetation 
and ecosystem.  


Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 on Ambient Air 
Quality and Cleaner Air for Europe. 


A comparison of the national regulation and WHO and EU guidelines are provided in Table A.2-9:  
below. 
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Table A.2-9: Comparison of Ambient Air Quality Standards in IFC (WHO) and EU Guidelines 
and Turkish Regulations 


Para-
meter 


Average 
Period 


Ambient Air Quality Limits of 
Turkish Regulation on Air 
Quality Assessment and 
Management 


WHO Ambient Air Quality 
Guidelines 


Directive 2008/50/EC 
of the European 
Parliament and of the 
Council of 21 May 
2008 on Ambient Air 
Quality and Cleaner 
Air For Europe Annex – IA:  


Transition 
Period Limits (*) 


Annex I: 
Future 
Target 
Values 


(year for target) 


General 
Guidelines 


(for 
human 
health) 


Guidelines 
for Europe 


(for 
ecosystem) 


2008 2014 


SO2  


(µg/m3) 


Hourly 900 750 350  (2019) 


(not to exceed 


over 24 in a year) 


500  (for 10 
minutes - 
(guideline 
value) 


 350 


24 hr  400  
(STL) 


(95% 
in a 
year) 


250  (STL) 125  (2019)  


(not to exceed 


over 3 in a year) 


125  (Interim 
target-1) 


  50  (Interim 
target-2) 


  20  
(guideline) 


 125 


Yearly and 
winter 
season 


(Oct1 – 
March31) 


(for wildlife 


and 


ecosystem) 


60  
(LTL) 


20 20  (2014)  20  (for forests 
and natural 
vegetation) 


30  (for 
agricultural 
crops) 


 


Winter 
average 
(Oct1 – 
March31) 


250 125     


Target 
Limit for 
yearly 
average  


60      


Target 
Limit for 
winter 
average  


120      
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Para-
meter 


Average 
Period 


Ambient Air Quality Limits of 
Turkish Regulation on Air 
Quality Assessment and 
Management 


WHO Ambient Air Quality 
Guidelines 


Directive 2008/50/EC 
of the European 
Parliament and of the 
Council of 21 May 
2008 on Ambient Air 
Quality and Cleaner 
Air For Europe Annex – IA:  


Transition 
Period Limits (*) 


Annex I: 
Future 
Target 
Values 


(year for target) 


General 
Guidelines 


(for 
human 
health) 


Guidelines 
for Europe 


(for 
ecosystem) 


2008 2014 


LTL yearly 150  
(LTL) 


     


NO2  


(µg/m3) 


Hourly   200  (2024) 


(not to exceed 


over 18 in a year) 


200  
(guideline) 


 200 


Yearly 100  
(LTL) 


60 40  (2024) 40  
(guideline) 


30 40 


24 hr 300  
(STL) 


(95% 
in a 
year) 


     


NOx  


(µg/m3) 


Yearly 


(for 


vegetation) 


  30  (2014)  30 (NO2)  


PM10  


(µg/m3) 


24 hr 300  
(STL) 


(95% 
in a 
year) 


100 50  (2019) 


(not to exceed 


over 35 in a year) 


150 (Interim 
target-1) 


100 (Interim 
target-2) 


  75 (Interim 
target-3) 


  50 
(guideline) 


 50 
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Para-
meter 


Average 
Period 


Ambient Air Quality Limits of 
Turkish Regulation on Air 
Quality Assessment and 
Management 


WHO Ambient Air Quality 
Guidelines 


Directive 2008/50/EC 
of the European 
Parliament and of the 
Council of 21 May 
2008 on Ambient Air 
Quality and Cleaner 
Air For Europe Annex – IA:  


Transition 
Period Limits (*) 


Annex I: 
Future 
Target 
Values 


(year for target) 


General 
Guidelines 


(for 
human 
health) 


Guidelines 
for Europe 


(for 
ecosystem) 


2008 2014 


Yearly 150  
(LTL) 


60 40  (2019) 70 (Interim 
target-1) 


50 (Interim 
target-2) 


30 (Interim 
target-3) 


20 (guideline) 


 40 


Winter 
average 
(Oct1 – 
March31) 


200 90     


PM2.5  


(µg/m3) 


24hr     75    (Interim 
target-1) 


50    (Interim 
target-2) 


37.5 (Interim 
target-3) 


25    
(guideline) 


  


1 year    35  (Interim 
target-1) 


25  (Interim 
target-2) 


15  (Interim 
target-3) 


10  
(guideline) 


 25 (by 2015) 


20 (by 2020) 


Lead  


(µg/m3) 


LTL – 
yearly 


(human 
health) 


2  
(LTL) 


1 0.5  (2019) 


1.0  (for areas in 
the vicinity of and 
contaminated by 
industries) 


  0.5 
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Para-
meter 


Average 
Period 


Ambient Air Quality Limits of 
Turkish Regulation on Air 
Quality Assessment and 
Management 


WHO Ambient Air Quality 
Guidelines 


Directive 2008/50/EC 
of the European 
Parliament and of the 
Council of 21 May 
2008 on Ambient Air 
Quality and Cleaner 
Air For Europe Annex – IA:  


Transition 
Period Limits (*) 


Annex I: 
Future 
Target 
Values 


(year for target) 


General 
Guidelines 


(for 
human 
health) 


Guidelines 
for Europe 


(for 
ecosystem) 


2008 2014 


Benzene 


(µg/m3) 


Yearly   5  (2021)   5 


CO  


(mg/m3) 


Max daily 
8 hr 
average 


  10  (2017)   10 


24 hr 30 


(95% 
in a 
year) 


10     


Yearly 10      


LTL - Long-term Limit : The value not to be exceeded by the arithmetic average of all measurement results; 
Long Term Value : Arithmetic average of all measurement results; 
STL -Short Term Limit : The value not to be exceeded by 95% of max. daily aver. measurement results or statistically all 


the measurement results;  
Short Term Value : The value that 95% of maximum daily average measurement values or statistically all the 


measurement values are below and 5% are above;  
 (*): Until December 12, 2013; LTLs, STLs, and for SO2 and PM10 winter standards are valid. 


 


Regulation on Industrial Air Pollution - Annex-2 Table 2.3 provides limits for ambient 
VOC limits for petrochemical facilities, refineries, and petroleum and fuels storage facilities to 
be complied with in the plant areas, as provided in Table A.2-10: .  
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Table A.2-10: Turkish Regulation on Industrial Air Pollution - Ambient VOC Limits for Refinery 
Area 


Parameter Turkish Regulation on Industrial Air Pollution - Ambient Air Quality Limits for 
Refinery Plant Area (Annex-2) 


(the values required around the units (tank farms, filling arms, refinery units) at 
petrochemical facilities, refineries, petroleum and fuels storage facilities 


Long Term Limit (LTL) 
(*) 


(µg/m3) 


Short Term Limit (LTL) (**) 


(µg/m3) 


Total Organic Compounds 
(as Carbon) 


500 800 


Benzene 75 120 


Toluene 75 120 


Xsilene 75 120 


Olefins 75 120 


Ethyl benzene 75 120 


Isopropyl benzene 5 20 


Trim ethyl benzene 5 10 


Mercaptane 1 2 


Tetra ethyl tetra methyl lead - 1 


 


(*)  For the cases of measurements done by passive sampling tube method  
(**)  For the cases of measurements done by measurement devices  


Regulation on Industrial Air Pollution - Annex-5 provides specific limits and measures for 
the emissions from refineries and oil/fuel storage facilities in sections L) Group 12: Petroleum 
Refineries and Storage Facilities, and Y) Group 22: Crude Oil, Oil and Fuel Filling and 
Storage Facilities. Section Y) Group 22 provides ambient air quality levels for fugitive 
organic compounds (VOC) for crude oil, oil and fuel filling and storage facilities to be 
complied with in the plant impact area, as provided in Table A.2-11: .  
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Table A.2-11: Turkish Regulation on Industrial Air Pollution - Ambient VOC Limits for Refinery 
Impact Area 


Organic 
Compounds 


Turkish Regulation on Industrial Air Pollution - Annex-5, Y) Group 22 


non-stack (fugitive) VOC values sources from storage tank aerations, fittings and filling 
activities (µg/m3) 


LTL (*) STL (**) 


III. Class 90 120 


II. Class 50 75 


I. Class 20 30 


 


(*)  For the cases of measurements done by passive sampling tube method  
(**)  For the cases of measurements done by measurement devices  


If more than one Class of organic compounds exists; the following limits will apply to their total 
concentrations and the individual concentrations in the Table A.2-11:  will not be exceeded: 


• I+II Classes: Total emission concentration – STL - 75 µg/m3, LTL - 50 µg/m3,  
• I+III or II+III or I+II+III Classes: Total emission concentration – STL - 140 µg/m3, LTL - 90 


µg/m3  


The list of specific substances in dust emissions for each Class mentioned above are provided in 
Annex 1 Table 1.1 as presented in below. 
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Table A.2-12:  Turkish Regulation on Industrial Air Pollution – Emission Limits for Specific 
Substances in Dust Emissions 


Regulation on Industrial Air Pollution Control – Annex 1 Table 1.1 


Class I Substances 


Emission Limit is 20 mg/Nm3 
for the Flowrate ≥ 0.1 kg/hr 


Class II Substances 


Emission Limit is 50 mg/Nm3 for the 
Flowrate ≥ 1 kg/hr 


Class III Substances  


Emission Limit is 75 mg/Nm3 
for the Flowrate ≥ 3 kg/hr 


Copper Fume 


Mercury and its compounds (except 
mercury sulfur metal) 


Soluble Fluoride Compounds 


Phosphor Pent oxide 


Cadmium and its soluble compounds 
(except cadmium chloride in the 
respirable dusts and aerosols 


Chromium IV compounds (non-
carcinogenic) 


Lead and its soluble compounds 


Nickel compounds (except 
carcinogenic ones) 


Selenium and its soluble compounds 


Thallium and its compounds  


Tellurium and its compounds 


Uranium and its compounds 


Vanadium and its compounds 


Antimony and its soluble compounds 


Barium compounds(soluble ones) 


Boron trifluoride 


Zinc and its compounds 


Fluorite mineral 


Silver compounds(easy soluble ones like silver 
nitrate 


Iodine compounds 


Calcium fluoride 


Coal Tar (except lignite coal tar) 


Dark coal tar (except lignite coal tar) 


Kieselguhr 


Cobalt compounds (non-carcinogenic ones) 


Cristobalite (particles smaller than 5 micron) 


Fly ash 


Quartz (particles smaller than 5 micron) 


Quartz mineral Tridymite (particles smaller 
than 5 micron) 


 Strontium and its compounds 


Organic compounds in dusts (for ex. 
Anthracene,amines, 1-4 benzoquinone, 
naphthalene) 


Aluminum Carbide  


Aluminum Nitride 


Ammonium compounds 


Copper and its soluble compounds 


Barium sulfide 


Bitumen 


Bismuth 


Boron compounds (soluble ones) 


Ferrosilicium 


Phosphates 


Calcium Cyanamid 


Calcium hydroxide 


Magnesium oxide 


Molybdenum and its soluble 
compounds 


Silicon Carbide 


Tungsten compounds (except 
Tungsten Carbide) 


 


 
Emissions 


Regulation on Industrial Air Pollution Control regulates, with the following annexes, the rules, 
principles and emission limits that industrial facilities should follow: 


• Annex-1: Regulation Principles and Limits for All Facilities 
• Annex-2: Air Quality and Calculation of Contribution to Air Pollution 
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• Annex-4: Stack Heights and Gas Velocities 
• Annex-5: Special Emission Limits for the Facilities of High Pollutant Capacity 
• Annex-7: Emission Limits for Inorganic and Organic Dusts, Inorganic and Organic 


Vapors and Gases, Carcinogenic Substances, applicable after January 1, 
2012 


• Annex 12: Calculation of Non-Stack (Fugitive) Emissions Mass Flowrate  


Regulation on Industrial Air Pollution Control Annex-5 A) Group 1 provides emission rules and limits 
for Combustion Facilities. STAR will utilize produced fuel gas as well as natural gas for fuel 
requirements. The stacks will have the combustion thermal power ranging between 63 and 179 MWth 
(megawatts thermal). Annex-5 A) Group I - Table 5.2 and 5.3 provide emission limits for gas fuel 
combustion facilities for heating thermal power of below 100 MWth and for equal and above 100 
MWth, respectively. Table A.2-13:  below provides emission limits for gas fuel combustion facilities. 


Table A.2-13: Regulation on Industrial Air Pollution Control - Emission Limits for Gas Fuel 
Combustion Facilities 


Fuel SO2 


mg/Nm3 


CO 


mg/Nm3 


NO2 


mg/Nm3 


Dust 


mg/Nm3 


Aldehyde (formaldehyde) 


mg/Nm3 


Combustion thermal power below 100 MWth 


Natural gas, 
LPG, refinery 
gas 


100 100 800 10 NA 


Coke gas 200 100  100 NA 


Biogas 800 100  100 NA 


Combustion thermal power above 100 MWth 


Natural gas, 
LPG, refinery 
gas 


60 100 500 10 20 


Coke gas 60 100 500 10 20 


Biogas 800 100 500 10 20 


 


Regulation on Industrial Air pollution Control Annex-5 L) Group 12 provides emission rules and limits 
for 1) Petroleum Refineries and Storage Facilities, and 2) Catalytic Cracking Facilities. IFC EHS 
Guidelines for Petroleum Refining - Table1 provides Air Emissions Levels for Petroleum Refining 
Facilities. A comparison between the IFC emission guidelines and emission limits in Turkish 
Regulation on Industrial Air Pollution Control is presented in Table A.2-14: . 
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Table A.2-14:  Comparison of Emissions Levels for Petroleum Refining Facilities in IFC 
Guidelines and Turkish Regulations 


Pollutant Turkish Regulation on Industrial Air Pollution Control IFC EHS Guidelines 
for Petroleum 
Refining 


Table 1 - Air Emission 
Levels for Petroleum 
Refining Facilities a 


Annex-5 - A) Group 1: Combustion Plants Annex-5 – L) Group 12: 
Petroleum Refineries 
and Storage Facilities 


Table5.2 - Natural gas, 
LPG, refinery gas fuel 
combustion  


(heating thermal power < 
100MWth) 


Table 5.3 - Natural gas, LPG, 
refinery gas fuel combustion  


(heating thermal power equal to 
or >100 MWth) 


H2S 


(mg/Nm3) 


  10 


(Petroleum Refineries 
and Storage Facilities) 


10 


NOx 


(mg/Nm3) 


800 


(NO2) 


500 


(NO2) 


800 


(Catalytic Cracking 
Facilities with fluidized 
bed process) 


450 


SOx 


(mg/Nm3) 


100 


(SO2) 


60 


(SO2) 


1,700 


(Catalytic Cracking 
Facilities with fluidized 
bed process) 


150 


(sulfur recovery) 


500 


(other units) 


CO 


(mg/Nm3) 


100 100   


Dust (Particulate 
Matter) 


(mg/Nm3) 


10 10 75 


(Catalytic Cracking 
Facilities with fluidized 
bed process) 


50 


Aldehyde (form-
aldehyde) 


(mg/Nm3) 


 20   


Vanadium 


(mg/Nm3) 


   5 


Nickel 


(mg/Nm3) 


   1 


 


Turkish Regulation on Industrial Emission Control - Annex 7 provides limits for inorganic and 
organic dust emissions (PM), inorganic and organic vapor and gas emissions and 
carcinogenic substances emissions. The inorganic and organic dust emission limits, being 
effective after January 01, 2012, are presented in Table A.2-15:  and Table A.2-16:   
respectively. 
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Table A.2-15:  Regulation on Industrial Air Pollution Control - Emission Limits for Specific 
Substances in Inorganic Dust Emissions 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.1.1 


Class I Substances 
Emission Limit is 0.2 mg/Nm3 for 
the Flowrates≥ 1 g/hr 


Class II Substances 
Emission Limit is 1 mg/Nm3 for 
the Flowrates≥ 5 g/hr 


Class III Substances 
Emission Limit is 5 mg/Nm3 for 
the Flowrates≥ 25 g/hr 


• Arsenic and Its compounds 
• Mercury and Inorganic mercury 


compounds 
• Cinder wool fiber (Fibers) 
• Iron Pentacarbonyl 
• Silver and Its compounds 
• Cadmium and Its compounds 
• Cristobalite 
• Quartz (respirable) 
• Platinium Compounds 
• Radium  Compounds 
• Ceramic Fibers 
• Silica Fibers particularly 


cristobalite, tridymite and quartz 
respirable 


• Thallium and Its compounds 
• Tridymite 
• Vanadium compounds 


particularly Vanadium oxides, 
halogenures and sulfates and 
vanat 


• Copper (Stench gas) 
• Glasswool Fiber 
• Cobalt (smoke) and cobalt 


compounds 
• Chrome III Chloride (CrCl3) 
• Lead and inorganic lead 


compounds 
• Lead Molybdate 
• Radium and Its compounds (water 


insoluble)  
• Celenium and its compounds 
• Rock wool fibers 
• Tellurium and its compounds 


• Antimony and Its compounds 
• Copper and Its compounds 
• Barium and Its compounds 
• Zinc Floride (Stench gas) 
• Fluorescence 
• Fluorides 
• Stannum and inorganic stannum 


compounds 
• Calcium fluoride 
• Calcium oxide 
• Chromium and its compounds  


(Except Cr (VI) compounds) 
• Manganese (stench gas) and 


manganese compounds 
• Palladium and its compounds 
• Platinum and its water insoluble  


platinum compounds 
• Potassium ferricyanide 
• Potassium hydroxide 
• Cyanides 
• Sodium hydroxide 
• Tantalum 
• Vanadium, Vanadium composites 


and Vanadium Carbide 
• Yttrium 
• Yttrium oxide 


 
Table A.2-16:  Regulation on Industrial Air Pollution Control - Emission Limits for Specific 


Substances in Organic Dust Emissions 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.1.2 


Class I Substances 
Emission Limit is 10 mg/Nm3 for the 
flowrates≥ 0.1 kg/hr 


Class II and Class III Substances 
Emission Limit is 50 mg/Nm3 for the flowrates< 0.5 kg/hr and 10 mg/Nm3 
for the waste gas flowrates≥ 0.5 kg/hr (filter exhaust) 


• Anthracene 
• Biphenyl 
• Diphenyl 
• Diphenyl ether 
• Diphenylmethane-2, 4-di-isocyanate 
• MAA (maleic acid -anhydride) 
• Maleic anhydride 
• MDI (Diphenyl-2-methane) 
• Methyl-2, 4- phenyl-diisocynate 
• Methyl-2, 6- phenyl-diisocynate 
• Nitrocresols 
• Nitrophenols 
• Nitrotoluene 
• Phthalic anhydride 
• TDI (2-methyl-1,4- diisocynate) 
• Toluene-2,4- diisocynate 
• Toluene-2,6- diisocynate 


• Naphthalene 
• Polyethylene glycol 
• Anthracene amines, 1-4 benzokinon, 


naphthalene 
 


• Benzoic acid methyl ester 
• Methyl benzoate 
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The inorganic and organic vapor and gas emission limits being effective after January 01, 2012 are 
presented in Table A.2-17:  and Table A.2-18: . 


Table A.2-17:  Regulation on Industrial Air Pollution Control - Emission Limits for Inorganic 
Vapor and Gaseous 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.2.1 


Class I Substances 
Emission Limit is  
1 mg/Nm3 for the 
Flowrates≥ 10 g/hr 


Class II Substances 
Emission Limit is 5 
mg/Nm3 for the 
Flowrates≥ 50 g/hr 


Class III Substances 
Emission Limit is 30 mg/Nm3 
for the Flowrates≥ 300 g/hr 


Class IV Substances 
Emission Limit is 200 
mg/Nm3 for the 
Flowrates≥ 5 Kg/hr 


• Arsenic Trihydride 
(Arsine) 


• Chlor Dioxyde 
• Cyanogen Chloride 
• Diborane(B2H6) 
• Phosgene 
• Phospine (Phosphorus 


Trihydride) 


• Boron Trichloride 
• Boron Trifloride 
• Bromine and Its 


compounds (Calculate as 
HBr) 


• Cl2(gaseous) 
• Fluorine and Its 


compounds (Calculated as 
HF) 


• Germanium Hydride 
• Hydrogen Cyanide (HCN) 
• Hydrogen Iodide 
• Hydrogen Sulphide 
• Nitrogen Trifluoride 
• Phosphoric Acid 
• Silicon Tetrafluorine 
• Silicon Tetrahydride 
• Sulphuric Acid 


• Chlorides and Compounds 
(Calculated as HCl) 


• Dichlorodisilicondihydrade 
• Nitric Acid (vapor) 
• Silicon Tetrachloride 
• Sulphur Hegzafluorine 
• Trichlorsilane 


• Ammonia 
• NOX (Calculated as NO2) 
• SOX (Calculated as SO2 


 


Table A.2-18: Regulation on Industrial Air Pollution Control - Emission Limits for Organic Vapor 
and Gases 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.2.2 


Class I Substances 
Emission Limit is 
20mg/Nm3 for the Flowrates≥ 0.1kg/hr 


Class II Substances 
Emission Limit is 100 mg/Nm3 for 
the Flowrates≥ 2kg/hr 


Class III Substances 
Emission Limit is 150 mg/Nm3 
for the Flowrates≥ 3kg/hr 


-Acenaphthene 
-Acenaphtylene 
-Acrylic acid 
-Acrylic acid ethyl ester 
-Acrylic acid methyl ester 
-Acrolein (propenal) 
-Alkylated lead compounds 
-Amino benzene 
-Amino ethane (ethyl amine) 
-Amino methane (methyl amine) 
-sec- amyl acetate 
-Aniline 
-Acetaldehyde 
-Acetic anhydride 
-Aziridin (ethylene imine) 
-Benzal chloride 
-Butyl Benzyl Phthalate 
-Benzyl Chloride 


- -Benzo trichloride 


-Bisphenol A 
-2,2 bis(4-hydroxyphenyl)propane 
-Butyl Acrylate 
-1,2 Diamine methane 
-2,4-Dibromphenol 
-Diethylamine 
-Di-isobutyl phthalate  
-1,2 Dichlorobenzene 


-Acetic acid 
-Aceticmethylester (methylacetate) 
-Acetic vinyl ester (Vinyl acetate) 
-Acetonitrile 
--6-Amino hexanoic acid  (dimer) 
-6-Aminohexanoicacid   (monomeric) 
-6- Amino hexanoic acid (trimeric) 
-i-Amylacetate 
-n- Amylacetate 
-Anisol 
-Benzaldehyde 
-Benzyl alcohol 
--Butanal 
-n-Butanol 
-i-Butanol 
-2- Butanol 
-sec-Butanol 
--Butylglycol  
-Butylglycol acetate 
--3-Butoxy-1-propanol 
-1-Butoxy-2- ethyl acetate 
-1-Butoxy-2-propanol 
-2- ethylene glycol monobutyl ether 
-2-(2- Butoxy - ethoxy)-ethanol 
-2-(2- Butoxy - ethoxy)- ethyl acetate 
-Butyl lactate 
-n-Butyl methacrylate 
-Butyl alcohol 
-n-Butyl aldehyde 
-Decahydronaphtalene 


-Acetone 
- Acetic acid ethyl ester 
- Acetic acid n-butyl ester 
- Acetic ester 
-Acetylene 
-Alkyl alcohols 
-Bromchloromethane 
-2- butanone 
- Isobutyl acetate 
-n- Butyl acetate 
-Butyl stearate 
Diacetone alcohol 
-Dibutyl ether 
-1,2-Dichlorethylene 
-Dichloromethane 
-Dietylether 
-Diisobutyene 
-Diisopropyl ether 
-2,3-Dimethyl butane 
-Dimethyl ether 
-1,2-Ethanediol 
-Ethanol 
-Ethanolamine 
-Ethyl acetate 
-Ethyl chloride 
-Ethylene 
-Ethylen glycol 
--Ethyl methylketane 
-Ethyne 
-Glycerol 
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Regulation on Industrial Air Pollution Control – Annex 7 Table 7.2.2 


Class I Substances 
Emission Limit is 
20mg/Nm3 for the Flowrates≥ 0.1kg/hr 


Class II Substances 
Emission Limit is 100 mg/Nm3 for 
the Flowrates≥ 2kg/hr 


Class III Substances 
Emission Limit is 150 mg/Nm3 
for the Flowrates≥ 3kg/hr 


-1,1 Dichloroethylene 
-Dichloro phenols 
-Dimethylamine 
-N,N dimethylaniline 
-Dimethylİzopropilamine  
-Di(2-Methylpropil) phthalate 
-1,4-Dioxane 
-Distearildimethyl- ammonium bisulphate 
-Distearildimethyl-amonium metasulphate 
-Ethanol 
-Ethyl acrylate 
-Ethyl amine 
-Ethyleneimine  
-Ethyl acrylate 
-Carbolic acid 
-Phenanthrene   
-Formaldehyde 
-Formic acid 
-Furaldehyde 
-Furfural 
-Glyoxal 
-Hexafluoropropene 
-1,6Hexamethylene diisocyanate 
-Hexamethylene diisocyanate 
-Isopropyl-3- chlorophenylcarbamate 
-Isopropyl phenylcarbamate 
-Caprolactam 
-Carbon tetrachloride 
--Chloralacetaldehyde 
-Chloroacetic acid 
-2- chloroethanel 
-Chloroform 
-Ethyl acrylate 
- phenol 
-Phenanthrene 
-Formaldehyde 
-Formic acid 
-Furaldehyde 
-Furfural 
-Glyoxal 
-Hexafluoropropene 
-1,6Hexamethylene diisocyanate 
-Hexamethylene diisocyanate 
-- Caprolactam 
- carbon tetrachloride 
- Cethylpyhdiniumchloride 
-Chloroacetic acid 
-2- chloroethanel 
-Chloroform 
-Chlormethane(methyl chloride)  
-α- Chlorotoluene 
-Cresols=Hydroxytoluene 
-Mercaptans 
-Methyl methacrylate 
-Methanol 
--Methyl acrylate 
-Methylamine 
-2-Methylaniline 
-2-Methyl bromide 
-Methyl chloride 
- Methyl ethyl ketone peroxide 
-Methylmethacrylate 
-Methylphenols 
-Methylpropenoate 
-2- methoxy ethyl acetate 
-Nitrobenzene 
-Organostannic compounds 
-Peracetic acid 
-Piperazine 
- Pyridine 
-Acrolein 
-Propenoic acid 
-n- proyplamine 
-Terphenyl 


-Dekalin 
-Di(2-ethylhexyl l) phthalate 
-1,4-Dichlorobenzene 
-1,1-Dichloracethane 
-1,2-Dichlorpropane 
-Diethanolamine 
-Diethylbenzene (1,2-;1,3-;1,4-isomers) 
-Diethylcarbonate 
-Diethyleneglycol butylether 
-Diethyleneglycolmono etylether 
-Diethyl oxalate 
--1,3-Dihydroxy benzene 
-Diisobutylketone 
-Diisopropylbenzene 
-N,N-dimethyl acetamide 
-Dimethylaminoethanol 
-N,N- dimethylformamide 
-2,6-dimethyl-heptane-4-on 
-Dioctyl-phthalate 
-Dipropyleneglycol mono methyl ether  
-2-Ethoxyethanol 
-2-Ethoxyethyl acetate 
-Ethoxypropyl acetate 
-Ethyl lactate  
-Ethyl silicate 
Ethyl-α- hydroxypropionate 
-Ethyl benzene 
-Ethyldiglycol 
-Ethyleneglycol monoethyl ether 
-Ethylene glycol monomethyl ether 
-Phenoxyethanol 
-Phenoxypropanol 
-Formic acid methyl ester 
-Furfuryl alcohol 
-2- hydroxymethylfuran 
--Isophorone 
--Isopropyl benzene 
-Limonene 
-Carbon disulphide 
--2-Chlorine -1,3- butadiene 
-Chlorinebenzenes 
-2- Chlorineprane 
--Xylene 
-2,4-Xenol (2,4- dimethylphenol) 
-Cumene 
-1-Methoxy- 2-propanol 
-1-Methoxy 2- propyl acetate 
-2-Methoxyethanol 
--2-Methoxypropanol 
-2-Methoxypropyl acetate 
- Methoxypropyl acetates 
-5-Methyl-2-hexanone 
-1-Methyl-3- ethyl benzene 
-N-methylacetamide 
-Methylacetate 
-Methyl benzene 
-Methylcyclohexanone 
-Methyl formate 
-α- Methylstyrene 
-Methyl-tartarat-butylether (MTBE) 
-Aromatic hydrocarbon compounds 
-Monoethylether acetate  
-Perchloroethylene 
-Propanal 
-1,2-Propanediol 
-Propanoic acid 
-Propanal dehyde 
-Propionic acid 
-n-propyl acetate 
-n-Propylbenzene 
-Propyleneglycol 
--Styrene 
-Tetrachlorethylene 
-Tetraethylortosilicate 


--Hexachloroethane 
-Hexamethylecyclo-trisiloxane (d3) 
-Hydrocarbons, olefin 
-Hydrocarbons, paraffinic 
-4-Hydroxy-4-Methyl-2-Pentanone 
-Isobutanol-2-amin 
-Isobutene 
-Isobutylene  
-Isobutyl methyl ketone 
-Iso butyl stearate 
-Iso-decanol 
-Iso-propanol 
--Isopropylacetate 
-Carbon tetrafluoride 
-Chloroethane 
-Liquid paraffin 
-MEK (2-butanone) 
-Methanol 
-3-Methyl-2-butanone 
-4-Methyl-2-pentanone 
-2-Metil-2-propanol 
-Methylcyclohexane 
-Methylene chloride 
-Methylethylcetone 
-Methylisobutylketone 
-2-Methylpropene 
--MIBK (4-methyl-2-pentanone) 
-Aliphatic hydrocarbon mixtures  
-Penta erythrol and c9-c10 volatile acid 
esters  
-Pentane 
-2-Pentanone 
-3-Pentanone 
-Oil (benzine) 
-Mineral oil 
-Pinene 
-Potassium oleate 
-2-Propanol 
-Propanone 
-i- propyl acetate 
-Silicone oil 
-Cyclohexane 
-αα-Terpinol 
- tetrafluoromethane 
-Tri-decanol (Isomers mix) 
-Tridecyl alcohol  
-Trifluoromethane 
-2,4,4- trimethyl -1-pentene 
-Trim ethyl bromate 
-White spirit 
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Regulation on Industrial Air Pollution Control – Annex 7 Table 7.2.2 


Class I Substances 
Emission Limit is 
20mg/Nm3 for the Flowrates≥ 0.1kg/hr 


Class II Substances 
Emission Limit is 100 mg/Nm3 for 
the Flowrates≥ 2kg/hr 


Class III Substances 
Emission Limit is 150 mg/Nm3 
for the Flowrates≥ 3kg/hr 


-1,1-Dimethylethylhidroperoxide 
-1,2,3,4-Tetrabromethane 
-1,1,2,2-Tetrachlorethane 
-Tetrachlormethane 
-Thioalcohols 
--Thioethers 
-o-Toluidine 
-Tribrommethane 
-2,4,6-Tribromphenole 
-Triethylamine 
-Triphenyl phosphate 
-1,1,2-Trichloroethane 
-Trichlorophenols 
-Trichlormethane (Chloroform) 
-Xenols 


-Tetrahydrofurane 
-1,2,3,4- Tetramethybenzene 
-1,2,3,5- Tetramethybenzene 
-1,2,4,5- Tetramethybenzene  
-Toluene 
1,1,1-Trichloroethane 
-Trichloroethylene TRI 
- Triethanolamine 
Triethylenetetramine 
-Trim ethyl benzene 
-Vegetable oil, sulphate 
-Vinylbenzene 
- Vinylidene fluoride 


 


The emission levels for carcinogenic compounds and polycyclic aromatic hydrocarbons are presented 
in Table A.2-19:  and Table A.2-20: . 


Table A.2-19: Regulation on Industrial Air Pollution Control - Emission Limits for Carcinogenic 
Substances 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.3.1 


Class I Substances 
Emission limit is 0.1 mg/Nm3 for 
the Flowrates≥ 0.5 g/hr 


Class II Substances 
Emission limit is 1 mg/Nm3 for 
the Flowrates< 5 g/hr 


Class III Substances 
Emission limit is 5 mg/Nm3 for the 
Flowrates< 25 g/hr 


• Benzo(a) anthracene 
• Benzo(a) phyrene  
• Benzo(j) florent 
• Benzo(k) florent 
• Beryllium and compounds 
• Cr (IV) Compounds  
• Dibenzo(a,h)-anthracene 
• 2- Naphthylamine (+ salts) 
• 2-Nitropropane 


• 3,3’-Dichlore-(1,1’-biphenyl) 
• 3,3’-Dichlore benzidine (+ salts) 
• Diethyl sulfate 
• Dimethyl sulfate 
• 1,2-epoxyethane 
• Ethene oxide 
• Ethylene oxide 
• Nickel and compounds  


• Acryl nitrite 
• Benzene 
• 1,3-butadiene 
• Butadiene 
• 1-Chlorine-2,3-epoxypropane 
• Chlorine ethane 
• 1,2-Dibromomethane 
• 1,2-Diclomoethane 
• 1,2- Epoxypropane 
• Hydrazine 
• Propene oxide 
• Propene nitrile 
• Propylene oxide 
• Vinyl Chloride 


 


Table A.2-20:  Regulation on Industrial Air Pollution Control - Emission Limits for Polycyclic 
Aromatic Hydrocarbons 


Regulation on Industrial Air Pollution Control – Annex 7 Table 7.3.1 


Polycyclic Aromatic Hydrocarbons (PAH) - Class I Carcinogenic Substances 
Emission Limit is 0.1 mg/Nm3 for the Flowrates≥ 0.5 g/hr 


• 3,6 – dimethyl-phenanthrene 
• 3-methyl chlorantrene 
• 5-methylchrisene 
• 7H-dibenzo-(c.g) carbazole 
• Acenaphtene 
• Acenaphthylene 
• Anthracene 
• Benzo(b)anthracene 
• Benzopyrene 
• Benzo(b)fluorentene 
• Benzo(b)fluoren 


• Chrisene 
• Coronen 
• Dibenzo(a,e)pyrene 
• Dibenzo(a,h)anthracene 
• Dibenzo(a,h)pyrene 
• Dibenzo(a,i)pyrene 
• Dibenzo(a,i)anthracene 
• Dibenzo(a,l)pyrene 
• Dibenzo(a,h)acridin 
• Fluoranthene 
• Fluorane 
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• Benzo(b)pyrene 
• Benzo(g,h,i)perylene 
• Benzo(j)fluorenthene 
• Benzo(k) fluorenthene 


• inden(1.2.3-c,d)pyrene 
• Naphtalene 
• Phenantrene 
• Pyrene 


Noise and Vibration 


Regulation on Assessment and Management of Ambient Noise provides ambient noise standards in 
Annex-VII Table 4 for Industrial Facilities and Table 5 for Construction Sites. The corresponding limits 
are provided in Table A.2-21:  and Table A.2-22:  below. 


Table A.2-21:  Turkish Ambient Noise Limits Generated by Industrial Facilities 


Receptor  LAeq (dBA) 
Day-time 


LAeq (dBA) 
Evening-time 


LAeq (dBA) 
Night-time 


Noise sensitive areas - with training, culture and health areas, 
summer houses and camps 


60 55 50 


Combination of commercial and noise sensitive areas - with 
dense residential buildings  


65 60 55 


Combination of commercial and noise sensitive areas with 
dense commercial buildings 


68 63 58 


Industrial areas 70 65 60 


 


Table A.2-22:  Turkish Ambient Noise Limits Generated by Construction Sites 


Activity (construction, demolition and renovation) LAeq (dBA) 
Day-time 


Building 70 


Road  75 


Other sources 70 


 


IFC General EHS Guidelines Section 1.7 provides noise level guidelines based on WHO Guidelines. 
These guidelines are applicable to noise impacts beyond the property boundary of a facility and the 
provided levels are not-to-exceed levels for noise impact. Noise impact should not exceed the levels 
presented in Table 1.7.1 of IFC General EHS Guidelines or should result in a maximum increase in 
background levels of 3 dB at the nearest receptor location. Relevant noise level guidelines are 
presented in Table A.2-23:  below. 


Table A.2-23:  IFC General EHS Guidelines - Noise Standards 


Receptor One Hour LAeq (dBA) 


Daytime 


07:00 - 22:00 


Night time 


22:00 - 07:00 


Residential; institutional; 


educational 
55 45 


Industrial; commercial 70 70 
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Directive 2002/49/EC of the European Parliament and of the Council of 25 June 2002 relating to the 
assessment and management of environmental noise does not set any limit values. Article 5 states 
that: “4. No later than 18 July 2005, Member States shall communicate information to the Commission 


on any relevant limit values in force within their territories or under preparation, expressed in terms of 


Lden and Lnight and where appropriate, Lday and Levening, for road-traffic noise, rail-traffic noise, 


aircraft noise around airports and noise on industrial activity sites, together with explanations about the 


implementation of the limit values.” 


 


Soil Quality 


Recent Regulation on Soil Pollution Control and Contaminated Sites by Point Sources was issued on 
June 8, 2010 in the Official Gazette No. 27605.  


The Regulation on Soil Pollution Control and Contaminated Sites by Point Sources states that within 
two years after the issue of the Regulation (June 8, 2012), all the existing and prospected industries 
that are included in Annex 2 - Table 2 should declare an Activity Preliminary Information Sheet to the 
MoEU. The MoEU shall collect all the declared industrial sites in the Potentially Contaminated Sites 
List. Afterwards, MoEU shall make an assessment about the sites listed in Potentially Contaminated 
Sites List along with the Activity Preliminary Information Sheet Assessment Criteria explained below. 
Should at least one of the subject criteria is valid for an industrial site, it is included in Suspicious Sites 
List, and the steps identified in the Regulation are followed. If none of the subject criteria is valid for a 
site, then the site continues to stay in the Potentially Contaminated Sites List. The procedure for 
assessment of potentially contaminated sites is illustrated in Figure A.2-1. 


 


Figure A.2-1 Flow Diagram for Assessment of Potentially Contaminated Sites in Turkish 
Regulation 


The Regulation provides soil quality parameters to be measured for each industry and provides 
generic limits for all parameters. Quality parameters for refined petroleum products production are 
provided in Annex 2 - Table 2 of the Regulation with NACE code of 23 and generic limits are given in 
Annex 1 of the Regulation; and this information is summarized in Table A.2-24:  below.  
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Table A.2-24: Refined Petroleum Products Production Soil Quality Parameters and Generic 
Limits 


Parameter Generic Limits in Current Regulation on Soil Pollution Control and 
Contaminated Sites by Point Sources (Appendix I) 


CAS-No Absorption 
via 
ingestion of 
soil and 
dermal 
contact 
(mg/kg dry 
weight) 


Respiration of 
volatile 
substances in 
ambient 
environment 
(mg/kg dry 
weight) 


Respiration 
of fugitive 
dusts in 
ambient 
environment 
(mg/kg dry 
weight) 


Transfer of 
pollutants from 
soil to 
groundwater and 
drinking 
groundwater 
(mg/kg dry 
weight) 


SF=10 
(dilutio
n 
factor) 


SF=1 
(dilutio
n 
factor) 


Lead  7439-92-1 400     135 14 


Cadmium  7440-43-9 70   1124 27 3 


Chromium +3  16065-83-1 117321         


Chromium +6  18540-29-9 235   24 10 1 


Total Chromium  7440-47-3 235   24 900,000 1 


Copper  7440-50-8 3129     514 51 


Nickel  7440-02-0 1564     13 1 


Zinc  7440-66-6 23464     6811 681 


Mercury  7439-97-6 23 3   3 0.6 


Cobalt  7440-48-4 23   225 5 0.5 


Arsenic  7440-38-2 0.7   471 3 0.3 


Total Petroleum 
Hydrocarbons (Aliphatic) 
(EC5-EC8) 


0-01-0 4693      4   0.4 


Total Petroleum 
Hydrocarbons (Aliphatic) 
(EC8 >-EC16) 


0-01-1 7821   7 0.7 


Total Petroleum 
Hydrocarbons (Aliphatic) 
(EC16 >-EC35) 


0-00-9 156429   146 15 


Total Petroleum 
Hydrocarbons (Aromatic) 
(EC5-EC9) 


0-01-3 15643   15 1 


Total Petroleum 
Hydrocarbons (Aromatic) 
(EC9>-EC16) 


0-01-4 1564   1 0.1 


Total Petroleum 
Hydrocarbons (Aromatic) 
(EC16>-EC35) 


0-01-2 2346   2 0.2 


Antimony  7440-36-0 31     2 0.2 


 


Preliminary Site Assessment Criteria based on Activity Preliminary Information Sheet  


1) Presence of hazardous chemicals in the site and the storage type of any hazardous chemicals,  
a) For storage: 


• If the ground is not paved, or 
• If open areas are not provided with drainage system. 
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b) For surface tanks: 
• If there is no leakage control for the tanks, or 
• If there is no leakage control for the pipes, or 
• If the ground is not paved. 


c) For underground tanks: 
• If the tanks are single-wall, or 
• If tanks ages are 10 or older, or 
• If there is no leakage control for the tanks, or 
• If there is no leakage control for the pipes, or 
• If there is no corrosion protection or cathodic protection. 


2) Occurrence of industrial accidents  


3) Presence of temporarily stored hazardous wastes; and  
a) If any of the stored wastes is marked by (A) in the Regulation on General Principals of Waste 


Management Annex-IV Waste List, or 
b) If the there is no impermeable ground at the temporary waste storage area, or 
c) If there is no drainage system around the temporary waste storage area. 


4) When a treatment plant is available for the industrial wastewater, 
a) If the sludge is stored temporarily in the site, or 
b) If the treated wastewater is discharged to the land.  


Refineries are included in the list of industries provided in Annex 2 - Table 2 of the Regulation that is 
required to prepare and submit Activity Preliminary Information Sheet. Hence, an Activity Preliminary 
Information Sheet should be prepared and submitted when the relevant statement of the Regulation 
comes into force. Some of the potential wastes that are expected to be stored temporarily at the 
Project Site are marked by (A) in the Regulation on Waste Management General Principals Annex-IV 
Waste List. Thus, the Project Site would potentially be identified as a “suspicious site” by the MoEF.  


IFC Guidelines on Contaminated Lands provides principles and guidelines for soil contamination, but 
does not provide guideline values for soil quality. 
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A.3 Stake Holder Engagement Summary 


Stakeholder Engagement during Local EIA Process 


The first round public hearing meetings for Aegean Refinery and Star Marine Terminal (as part of 
Petkim Port Extension) were held during the local EIA process following the submission of the EIA 
Application Reports for individual EIA processes of The Refinery and the Terminal to MoEU and 
formation of an EIA Committee by the Ministry. 


Meeting 1 (as part of the Aegean Refinery EIA Process) 


The meeting was held in Aliağa Municipality - Ataturk Cultural Center on February 24, 2009. Public 
announcements were made on a nation-wide published newspaper as well as a local newspaper a 
week before the meeting date. Official invitations were sent to Governmental Authorities. 


The following groups participated in the meeting:  


• Individual members of the community; 
• Special interest groups such as Petkim; 
• Representatives of the regional Governmental Authorities;  
• Representatives of Aliağa and İzmir Municipalities;  
• Representatives of non-governmental organizations; and 
• Journalists from local newspapers. 


The public hearing meeting was conducted in Turkish. The meeting started with the presentation of 
the STRAŞ and the EIA Consultant, and followed by a general questions and answers session with 
the attending stakeholders. During the meeting, the stakeholders were informed about the Project 
characteristics and preliminary estimations regarding the potential Project impacts.  


Opinions and concerns of the stakeholders were considered throughout the developing the Project's 
main elements and components. The issues raised and discussed during the consultation meeting 
included: 


• concerns over the compliance with regulatory air quality standards;  
• the economic aspects of the Project; 
• the technology that will be used; and  
• concerns over the water consumption. 


The meeting pictures, minutes and the participant list are provided in Appendix 3. 


In addition, full EIA Report was published at the former MoEF web site before finalization of the report 
and development consent, along with the requirements of EIA Regulation. 


Meeting 2 (as part of the STAR Marine Terminal EIA Process)  


The meeting in scope of EIA Procedure of Petkim Port Extension Project was held in Aliağa District 
Authority- Meeting Center on March 25, 2011. Public announcements were made on a nation-wide 
published newspaper as well as a local newspaper 10 days before the meeting date. Official 
invitations were sent to Governmental Authorities. 


The following groups participated in the meeting:  


• Individual members of the community; 
• Special interest groups such as Petkim; 
• Representatives of the local authorities and NGO’s; 
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• Journalists from local newspapers. 


The public hearing meeting was conducted in Turkish. The meeting started with the presentation of 
the Petkim (as project owner at that date) and the EIA Consultant, and followed by a general 
questions and answers session with the attending stakeholders. During the meeting, the stakeholders 
were informed about the Project characteristics and preliminary estimations regarding the potential 
Project impacts.  


Opinions and concerns of the stakeholders were considered throughout the developing the Project's 
main elements and components.  


The meeting pictures and minutes are provided in Appendix 3. 


In addition, full EIA Report was published at MoEU web site before finalization of the report and 
development consent, along with the requirements of EIA Regulation. 


Second Round Public Hearing Meeting during this ESIA Study 


In addition, two separate second round public hearing meetings were organized for Aegean Refinery 
and STAR Marine Terminal projects in order to satisfy Equator Principles, EU legislation and IFC 
Performance Standards. 


Meeting 1 


Following the preparation of this upgraded ESIA along with Equator Principles and IFC Performance 
Standards for Aegean Refinery, a second round public hearing meeting was organized. The meeting 
was held in Petkim Cultural Center on April 11, 2011. 


The meeting was announced on a local newspaper, official invitations were sent to relevant 
Governmental Authorities and individual invitations were sent to the Muhtars (Administrative Heads of 
the Neighbourhoods in Aliağa). A draft non-technical executive summary was prepared and published 
at the STRAŞ web site for the information of the local community and stakeholders prior to the 
consultation session. Public transport was provided for the participants. 


The following groups participated in the meeting: 


• individual members of the community; 
• special interest groups such as Petkim; 
• representatives of the regional Governmental Authorities; 
• representatives of Aliağa and İzmir Municipalities; 
• Muhtars of the neighbourhoods in Aliağa; 
• representatives of non-governmental organizations; and 
• journalists from local newspapers. 


The public hearing meeting was conducted in Turkish. The meeting started with the presentation of 
the STRAŞ on general Project information. Then, Golder made a presentation on the contents and 
outcome of the environmental and social impact assessment; planned mitigation measures and 
planned environmental and social management plan during Project implementations. Presentations 
were followed by a general questions and answers session with the attending stakeholders. The main 
issue raised during the consultation meeting was the request of employment for the Project from 
Aliağa rather than other regions in order to improve the local economic status.  


The meeting pictures, minutes and the participant list are provided in Appendix 3. 


Meeting 2 
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Following the decision to incorporate the jetty construction in this ESIA, an additional second round 
public hearing meeting was organized. The meeting was therefore specifically aimed at involving local 
groups potentially affected by the operations and activities at sea, but was also seen as an occasion to 
further inform local stakeholders on the overall refinery extension project. 


A public meeting was organized on January 20, 2012 in the Petkim facilities. The meeting was 
advertised on three local newspapers, stating the name of the project, proponent, date and venue. In 
addition, to encourage public participation, Muhktars of the local villages were contacted directly, as 
well as the representatives of the Aliağa municipality and of the fishermen’s community. On the day of 
the meeting, a shuttle bus was made available for local villagers to reach the venue. 


The following groups participated in the meeting: 


• representatives of the Aliağa Municipality; 
• representatives of the Aliağa Chamber of Commerce; 
• representatives of the fishermen communities. 


 


A project brochure was prepared and distributed to the participants. It consisted of project description, 
project objectives, potential impacts of the projects and proposed mitigation measures. As part of the 
grievance mechanism, the contract details of the project have also been included in the brochure in 
order to provide the means to the affected parties to communicate any concerns to the project owner. 
The participants have been verbally encouraged to communicate such concerns to the project owner 
through these contacts. 


The public hearing meeting was conducted in Turkish by STAR and Golder staff members that 
presented the project and ESIA findings. Participants were also provided with a leaflet and written 
information on the project. Presentations were followed by a general questions and answers session 
with the participants. Several issues were raised. 


• The fishery representatives stated their concern on possible dredging activities that might 
damage marine life because of the pollutants present in the sediments of the bay. The 
proponent assured that, because of the depth of the seabed, dredging activities will not be 
required. The fishery representatives also asked to view the marine survey report prepared 
and the Proponent agreed to share the results with them. The fishers in general complained 
that Nemrut bay is off limits to fishing activities because of the presence of several industrial 
facilities along the coast, however the Project will not involve further reductions of the fishing 
areas. 


• The Aliağa Chamber of Commerce representatives were concerned on the location and 
design of the jetty, because the Nemrut bay is subject to strong, yet rare, sea storms that 
could damage the construction. The proponent assured that in depth technical studies have 
been conducted, taking in consideration severe marine conditions, to avoid any possible 
hazardous event to occur. 


• The Aliağa Municipality representatives spoke up about the fact that the Proponent had not 
respected permitting timings and deadlines. The Proponent stated the reasons behind this 
situation and the two parties agreed to better communicate regarding permitting issues from 
then onwards. 
 


The meeting pictures, minutes, project brochure and the participant list are provided in Appendix 3. 
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A.4 ESIA Approach 


Scope of the ESIA 


Overall Objectives and Components of the ESIA 


This ESIA is guided by both national legislation and international standards. IFC Performance 
Standard 1 (IFC 2006) lists overall objectives for an ESIA, including: 


• To identify and assess social and environmental impacts, both adverse and beneficial, in the 
project’s area of influence; 


• To follow the mitigation hierarchy of avoidance, minimization of impacts, mitigation and if 
needed compensation, with respect to adverse impacts to workers, other affected people, and 
the environment; 


• To conduct meaningful consultation; and 
• To promote improved social and environmental performance of companies through the 


effective use of management systems. 


Main components of the assessment include: 


• the potential environmental and social impacts of the Project throughout the full development 
cycle – construction, operation, closure and post-closure; 


• a stakeholder engagement plan to ensure that local communities and other key stakeholders 
are informed of the Project and have an opportunity to express their opinions concerning the 
Project; 


• proposed mitigation activities to minimize adverse environmental impacts; 
• the nature and significance of residual impacts (those adverse impacts that occur after 


mitigation has been applied) and ongoing monitoring and environmental management plans to 
address these;  


• an assessment of cumulative impacts; 


• a closure plan to ensure that proper reclamation and rehabilitation of the site occurs after the 
refinery ceases operation; and 


• a social management plan to maximize benefits to the local community and promote a 
sustainable economy. 


Discipline Specific Impact Analyses 


The following Table A.4-1 lists the main physical, ecological and social disciplines that need to be 
considered for a Category “A” IFC project. The level of effort is related to the potential for significant 
impact as judged from issues scoping. As explained in sections below, the common impact 
assessment approach is phased; should scoping show that no impact is predicted then that is stated 
in the ESIA, and no further impact analysis such as modelling or detailed assessment is required.  


Table A.4-1:  Main Disciplines that Comprise the ESIA 


Physical Biological 


• geology and topography 
• natural hazards 
• soils 
• hydrogeology and groundwater quality 
• surface water hydrology and quality 
• sea water quality 
• climate and meteorology 
• air quality 


• flora 
• fauna  
• aquatic ecology (freshwater and marine) 
• protected areas and biodiversity 
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Physical Biological 


• noise 
• traffic 


Social 


• socio-economics 
• human and ecological health risk assessment 
• cultural resources, including archaeology 
• visual aesthetics 


 


Table A.4-2:  lists additional sections required for an international level ESIA, in addition to specific 
disciplines. 


Table A.4-2:  Other Main Components of the ESIA (Non-discipline Based) 


Non-Discipline ESIA Components 


• consultation 
• analysis of alternatives 
• project description 
• cumulative effects assessment 
• environmental and social management plans 
• closure plan 
• emergency response plan 
• occupational health and safety plan 


 


The format for each discipline section of the assessment (i.e. Section C4: Soils, or Section D2: Flora) 
is similar to aid in understanding. The following list notes those sub-sections. However, variation has 
been used when appropriate, especially with respect to social disciplines. Sub-sections are: 


• Introduction 


• Baseline Summary 


• Impact Analysis and Assessment 
o Issue Scoping and Key Questions Identification 
o For each Key Question: 


� Impact Linkage Evaluation 
� Assessment Methods 
� Assessment Criteria 
� Mitigations 
� Impact Analysis Results (i.e. modelling) 
� Impact Assessment Results (significance of residual impact) 
� Monitoring 


 


Impact Assessment Methodology 


Impact assessment was performed for key issues for each ESIA component (discipline). The common 
impact assessment methodology consists of five main steps: 


• identification of Project activities that could contribute to environmental or social change; 
• evaluation of the potential effects; 
• description of mitigations for potential effects; 
• analysis and characterization of residual effects; and 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 74  
 


• as necessary, identification of monitoring to evaluate and track performance. 


Mitigation applies to the construction, operation and closure design to minimize or eliminate potential 
adverse impacts and, where possible, enhance environmental and social quality.  


Assessment criteria provided in the methods sections were developed for each discipline, although 
many rankings will be similar between disciplines. A draft example of these criteria applied to water 
quality is shown in Table A.4-3: .  


Table A.4-3: Draft Example of Impact Description Criteria for Water Quality 


Direction Magnitude Geographic Extent* Duration Reversibility Frequency 


positive, 
negative or 
neutral for 
the 
measurement 
endpoints 


negligible: releases do not 
cause guidelines or existing 
backgrounds to be 
exceeded 


low: releases contribute 
slightly to existing 
background being 
exceeded 


moderate:  releases cause 
the guidelines to be 
exceeded (where 
guidelines were not 
previously exceeded) 


high: releases cause the 
guidelines to exceeded 
substantially 


local: effect 
restricted to the LSA 


regional: effect 
extends beyond the 
LSA into the RSA 


beyond regional: 
effect extends 
beyond the RSA 


short-term: 
<5 years 


medium-term: 
5 to 49 years 


long-term: 
>49 years 


reversible 


or 


irreversible  


low: occurs once 
or rarely per a 
specified time 
period 


medium: occurs 
intermittently 


high: occurs 
continuously 


*LSA: Local Study Area   RSA: Regional Study Area 


When actually applied to the results in the assessment, the use of the criteria is reported in tables as 
illustrated in the sample in Table A.4-4: .  


Table A.4-4: Residual Impact Classification for Key Water Quality Issue WQ-1 


Direction Magnitude Geographic 
Extent 


Duration Reversibil
ity 


Frequency Environmental 
Consequence 


Key question: What effect will the project have on water quality in receiving water bodies? 


Potential effluent releases from waste water treatment plant 


negative low local long-term yes continuous low 


Potential effluent releases from sewage treatment plants 


negative low local medium-term yes continuous low 


Potential releases of runoff from project facilities 


negative low local medium-term yes continuous low 


Environmental Assessment Methods 


The ESIA used the following tools and procedures to analyse and address potential effects: 


• quantitative and qualitative information on the existing baseline environmental and 
socioeconomic conditions; 


• predictive tools (models) and methods to quantitatively and qualitatively describe future 
environmental and socioeconomic conditions; 
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• quantitative and qualitative evaluation of the environmental consequence of potential effects, 
including reference to management objectives, baseline conditions and the views of the 
proponent and stakeholders; and 


• characterization of potential residual effects after mitigation and their consequences for people 
and the environment. 


Key Issues 


To focus the assessment and ensure that the ESIA clearly addresses the issues of concern, questions 
will be formulated that capture the concerns relative to a particular discipline. Those concerns are 
expressed as “key questions”, and they form the basis of the investigations of potential Project 
impacts. The process for developing a list of key questions involves the development of a list of all 
possible issues related to the Project by means of reference to appropriate regulations and guidelines, 
consultation and the experience of the assessment team. These issues were then refined into those 
that are relevant to the Project. All issues are addressed, and the appropriate mitigations developed. 


An example of a key question is: 


Flora key question: What effect will the Project have on vegetation communities? 


By defining the possible impact pathways between Project activities and the environment, a 
determination is made as to the relevant impacts to be assessed. In cases where changes due to the 
Project do not affect specific environmental characteristics, this is clearly stated and further impact 
analysis and assessment is not required. 


Study Areas 


Defining the geographic extent of study areas is an important aspect of the ESIA. For the assessment 
of local impacts, the area should be large enough to efficiently analyse and mitigate the obvious 
potential effects from the Project on the receiving environment, but not too large as to dilute the 
potential Project-related effects. The assessment of impacts within the local area of the Project, or 
Local Study Area (LSA), is based on the spatial extent of the footprint and an associated buffer that 
includes potential additional effects on the receiving environment, such as from air quality or noise 
impacts. The assessment of potential broader or regional cumulative effects from the Project in 
association with other foreseeable projects requires a larger geographic area. Study areas may also 
be specific to environmental components (e.g., air, soils, geology, ground water, surface water, 
aquatic organisms, flora, and fauna). LSAs were selected for main disciplines based upon the 
anticipated areas of influence of the Project, plus an appropriate buffer. Sometimes the same areas 
will be used for a number of disciplines, such as for terrestrial ecology (flora, fauna and soils). 


Temporal Scope 


The temporal scope of the ESIA is defined primarily by the anticipated Project duration as follows: 


• Construction – < 5 years; 
• Operation –  5 to  49 years; 
• Extended operation – post 49 years (by maintenance and renewal); and 
• Closure – post 49 years and beyond. 


Impact Analysis and Assessment 


Impact analyses and assessments were performed for the key questions for each ESIA component 
(discipline). The impact analysis and assessment consisted of five main steps: 


• identification of Project activities that could contribute to environmental change; 
• analysis of the potential effects; 
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• description of mitigations for potential effects; 
• assessment and characterization of residual effects; and 
• as necessary identification of monitoring to evaluate and track performance. 


Mitigation applies to the construction; operation and closure design to minimize or eliminate potential 
adverse impacts and, where possible, enhance environmental quality.  


Environmental Impact Description Criteria 


The impacts that remain following mitigation, or residual impacts, are classified using criteria to 
determine the overall effect, termed the environmental or social consequence. Each impact will first be 
described using the following criteria: direction, magnitude, geographic extent, duration, reversibility 


and frequency. 


• Direction: this may be positive, neutral or negative.  
• Magnitude: is the degree of change in a measurement, and is classified as 


negligible, low, moderate or high. The categorization of the impact magnitude is 
based on a set of criteria, ecological concepts and/or professional judgment 
pertinent to each of the discipline areas and key questions analyzed. 


• Geographic extent: refers to the area affected by the impact and is classified as 
local, regional or beyond regional. 


• Duration: refers to the length of time over which an environmental impact occurs.  
Short-term is defined as less than the construction phase; medium-term as longer 
than short-term and up to the operational duration of the Project; long-term extends 
into closure and is greater than medium term. 


• Reversibility: is an indicator of the potential for recovery following the impact. 
• Frequency: describes how often the effect occurs within a given time period and is 


classified as low, medium or high in occurrence. 


Impact description criteria were made based on professional judgment of the ESIA team and the 
considerations of the issues that were identified. The precise use of the above system will be varied as 
appropriate for certain disciplines. The overall residual impacts for each effect, or environmental / 
social consequence, are classified to one of: negligible, low, moderate or high by evaluation of the 
rankings for the three main criteria of magnitude, geographic extent and duration (Table A.4-5). For 
example, an impact with a moderate magnitude, local extent, and medium duration would be classified 
as having a low overall consequence. The direction, reversibility and frequency of the effects will be 
used as needed to further qualify the environmental significance rating. In addition, reversibility is 
explicitly considered during the closure/post-closure assessment. 


Table A.4-5: Screening System for Environmental Consequences 


Magnitude (Severity) Geographic Extent Duration Environmental Consequence 


negligible all all negligible 


low local short-term negligible 


low local medium-term low 


low local long-term low 


low regional short-term low 


low regional medium-term moderate 


low regional long-term moderate 


low beyond regional short-term low 


low beyond regional medium-term moderate 


low beyond regional long-term moderate 


moderate local short-term low 


moderate local medium-term low 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 77  
 


Magnitude (Severity) Geographic Extent Duration Environmental Consequence 


moderate local long-term moderate 


moderate regional short-term moderate 


moderate regional medium-term moderate 


moderate regional long-term high 


moderate beyond regional short-term moderate 


moderate beyond regional medium-term high 


moderate beyond regional long-term high 


high local short-term moderate 


high local medium-term high 


high local long-term high 


high regional short-term moderate 


high regional medium-term high 


high regional long-term high 


high beyond regional short-term high 


high beyond regional medium-term high 


high beyond regional long-term high 


 


Assessment Cases 


Three cases were considered for the ESIA: Baseline; Project; and Cumulative effects. 


Baseline: Baseline for the ESIA is defined to include all existing disturbances. Baseline therefore 
includes existing disturbances from nearby industry, urban areas, roads, etc.  


Project: The Project is designed to mitigate the potential negative effects and enhance the potential 
positive effects wherever possible. The Project includes all components required for the functioning of 
the new refinery. However, as described in Section B1, project design is ongoing for certain project 
components that will be the responsibility of third parties, including Petkim. Those project components 
will be subject to separate impact assessments and permitting and are not considered in the main 
body of this assessment, but just in the CEA.  


Cumulative Effects: The cumulative environmental effects of the Project and other projects will be 
limited to an evaluation of those developments within the region that are planned or are reasonably 
foreseeable. These will include all third party components of the Project, plus additional foreseeable 
projects.  


Monitoring 


A clear framework of principles and criteria are required to decide on the requirements for monitoring 
after Project approval. Elements of the framework that will be used are laid out in the Environmental 
and Social Management Plans (ESMP). Two main principles applied are: 


• monitoring provides answers to specific questions regarding compliance and 
operations; and 


• monitoring identifies opportunities for improvement. 


The need for monitoring programs is developed in specific discipline areas and the monitoring plans to 
be implemented are described in the EMP and SMP sections. 


 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 78  
 


A.5 Acknowledgements 


Golder would like to acknowledge that a number of relevant sources have contributed greatly to the 
information included in this report. These sources include the data, information and studies received 
from STAR, the Local Environmental Impact Assessment Reports and all included baseline 
investigation, and interactions and briefing with the stakeholders including Aliağa Municipality, 
community and governmental institutions. 


Specifically, Golder appreciates the valuable support and collaboration of STAR Project 
Representatives, namely:  


1. Mr. Robert - STOREY, STAR, General Manager 


2. Ms. Menekşe SEVİMLİ– STAR, Process Supervisor 


3. Mr. Ali Rıza Saklıca – STAR,, HSE Manager 


 







 


 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 79  
 


VOLUME B: THE PROJECT 
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B.1 Project Description  


Introduction 


Aegean Refinery is a grass-root refinery project with a processing capacity of 10 million tons of crude 
oil per year. 


The ultimate objectives of the Project are providing feedstock to Petkim Petrochemical Complex 
(Petkim) in an economic and reliable manner and producing middle distillate fuels to the domestic 
market which is currently experiencing a vast amount of supply deficiencies. Major shareholder of 
Petkim is SOCAR & Turcas Petrokimya A.Ş., another subsidiary of SOCAR Turkey Enerji A.Ş 
(STEAŞ). The selected Project Site is adjacent to Petkim facilities and located at the land owned by 
Petkim. Petkim leased the Project Site to STAR for 49 years.  


Environmental Impact Assessment (EIA) processes were completed and EIA Positive Certificate 
(development consent) was issued for the Project from the former Turkish Ministry of Environment and 
Forestry (MoEF) in December, 2009 and the Ministry of.Environment and Urbanization (MoEU) in 
January, 2012 for Refinery and STAR Marine Terminal, respectively. In June 2010, the Energy Market 
Regulatory Authority (EMRA) of Turkey granted a 49-years Refining License to the Project. 


A summarized description of the Project as it is currently conceived is provided in this section, and 
additional details are presented in Appendix 1.  


Project Location and Regional Characteristics 


The Project Site is located in the district of Aliağa within İzmir Province in the Aegean Region of 
Turkey. Aliağa is at a distance of 60 km north to Izmir and surrounded by the city of Manisa on the 
east, Menemen County on the south and a touristic town, Foça, on the southwest. Aliağa is a 
concentrated industrial area and can be considered as the hub for heavy industries in the west of 
Turkey consisting of oil refining, petrochemicals, iron and steel manufacturing plants, ship breaking 
facilities and various other industrial facilities.  


The Project Site is located at Aliağa Peninsula that is surrounded by Aliağa Town at east, Aegean Sea 
at west, Nemrut Bay at south and Aliağa Bay at north. The Peninsula hosts Petkim facilities, Tüpraş 
İzmir Refinery, a number of deep sea port facilities, jetties, oil terminals and ship breaking facilities. 
The Projects Site is bordered by the Petkim facilities at east and south, and Tüpraş İzmir Refinery at 
east and north. Several ship breaking facilities exist at the northwest of the Peninsula. Aliağa Town 
center is located at some 5 km to the east of the Project Site. 


The Project’s land based components will require a total of approximately 210 ha of land. The 
elevations on the Project Site range from 15 meters to 100 meters which require considerable amount 
of preparation activities including excavation, backfilling, terracing and construction of retaining walls. 
Three existing large naphtha tanks, each having a capacity of 73,000 cubic meters, and 2 fuel oil 
tanks, each having a capacity of 49,000 cubic meters, already on the site and owned by Petkim will be 
utilized by STAR for crude oil and diesel storage, respectively. Existing on site storage spheres will be 
dismantled and removed to another location by Petkim prior to site preparation activities. Existing 
warehouse buildings will be demolished.  


The location of the Project Site and the surroundings are shown in   and  Figure B.1-2 . Additional site 
photos are provided in Appendix 2. 
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Figure B.1-1 Location Maps of the Project Site 
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Figure B.1-2 Location of the Project Site and Characteristics of the Region 
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Figure B.1-3 Project site lay out and project facilities 


The land at which the Project Site is located is an industrial zone as per the 1/5,000 scaled regulatory 
development plan approved by the Ministry of Public Works and Settlement on September 18, 1985. It 
is located outside of forestland according to Izmir Provincial Directorate of Urbanization. Having Aliağa 
Town at 5 km to the east, the closest settlements to the Project Site are Petkim and Tüpraş lodgments 
at ~2.5 km southeast and east, respectively. A number of summer houses and beaches are located to 
the north of Aliağa Town and Aliağa Bay, and far south to the Project Site at southern coasts of 
Çandarlı Gulf, close to New Foça Town..  


As in the case in many sites in the Aegean Region of Turkey, Aliağa has been settled since ancient 
times. Kyme antique site of 3rd degree protection is located at ~5 km southeast to the Project Site. The 
small scale Aliağa Bird  stop over area is located at ~7 km northeast. No environmentally protected 
area exists in the vicinity. 


The economic activity in Aliağa used to be mostly based on agriculture until the beginning of 1960s. 
The town started to gain an economic character after the region was listed as a “heavy industrial zone” 
in the 1961 Constitution. Having started with the establishment of large public industrial complexes 
such as Petkim and Tüpraş Refinery, acceleration of industrialization increased. Located at south to 
the Project Site, across the Nemrut Bay, Nemrut Heavy Industry Zone hosts a number of iron and 
steel and other various industries as well as power plants. In addition, there are planned industries 
and power plants in the area. A list of the existing industries in the region is presented in : .  


Table B.1-1: Type of the Existing Industries in the Aliağa Region 


Range of Activities Facility – Company Name 
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Range of Activities Facility – Company Name 


Shipbreaking Anadolu Gemi Söküm Ltd. Şti. 
Avşar Gemi Söküm San. Ve Dış Tic. Ltd. Şti. 
Bereket Gemi Söküm 
Butoni Gemi Söküm 
Cemsan Gemi Söküm San. Tic. Ltd. Şti. 
Demtaş Denizcilik Turizm San. Ve Tic. A.Ş. 
Dörtel Gemiz Söküm Demir Çelik San. Ve Tic. Ltd. Şti. 
Ege Gemi Söküm San. Ve Tic. A.Ş. 
Gemi Yan Sanayi Tic. A.Ş. 
Imsan 
Işıksan Gemi Söküm Pazar. Ve Tic. Ltd. Şti. 
İnmet Metal Dış Tic. San. Ltd. Şti. 
İzmir Gemi Geri Dönüşüm 
Ka Tershanecilik 
Kalkavan Gemi Söküm San. Ve Tic. A.Ş. 
Kursan Gemi Söküm  
Leyal Turizm İnşaat Mobilya San. Tic. Ltd. Şti. 
Çemaş Çelik ve Metal Tic. A.Ş.  
Şimşekler Gıda Gemi Sök. İnş. San. Ve Tic. Ltd. Şti. 
Yazıcı Demir Çelik San. Ve Tur. Tic. A.Ş. 
Öge Gemi Söküm İthalat İhracat Tic. Ve San. A.Ş. 


Fuel Distribution Akpet Akaryakıt Dağıtım A.Ş.  


Filling Plant Akpet (Aytemiz) A.Ş. 
Aygaz A.Ş. Aliağa Dolum Tesisi 
Milangaz A.Ş. 
Turkuaz Petrolleri A.Ş 
Bp Gaz. 


Aluminum Recycling Al Alüminyum (Simge) San. Ve Tic. A.Ş. 


Foundry Akdemir Çelik Sanayi ve Ticaret A.Ş. 
Dört Yıldız Demir Çelik Endüstrisi Tic. Ltd. Şti. 
Kar-Demir Haddecilik Sanayi Ve Tic. Ltd. Şti. 
Kocaer Haddecilik San. Ve Tic. Ltd. Şti. 
Sözer (Sözden) Demir Çelik San. Ve Tic. A.Ş. 
Özkan Demir Çelik A.Ş. 


Port Management and Shipping Akdeniz Kimya 
Liman İşletmeleri A.Ş. 
İdç Liman İşletmeleri A.Ş. 


Coal Storage Karbon Aray A.Ş. 
Karbontay 


Power  Aliağa Çakmaktepe Enerji Üretim A.Ş. 
İzmir Elektrik Üretim Ltd. Şti. (ENKA) 


Coal Screening and Packaging Astaş A.Ş. 
Odak Kömür A.Ş. (Bamak) 
Süper Karbon (Enerji) A.Ş. 


Ready Mixed Concrete Production Batıçim Batı Anadolu Çimento Sanayi A.Ş. 


Port Structure Batıçim Batı Liman Tesisleri A.Ş. 


Steel Plant and Foundry Çebitaş Demir çelik Endüstrisi A.Ş. 


Iron-steel Production Diğeray Çelik End. San. Ve Tic. A.Ş. 
Ege Çelik endüstrisi San. Ve Tic. A.Ş. 
İzmir Demir Çelik San. A.Ş. 
Sider (Erege) Metal Demir Çelik San. Ve Tic. A.Ş. 
HABAŞ 


Chemical Industry Eastchem Kimyasal End. İml. Tic. San. A.Ş. 
Ergen Kimya Sanayi Ltd. 
Petrolaks Petrol Ürünleri Kimya San. Tic.  
U.C. Kimya San. Tic. Ltd. Şti. 


Fertilizer-Organic Solvents Ege Gübre San. A.Ş. 


Storage Ekin Ata A.Ş. 


Recycling Facility Ekor Geri Dönüştürüle.Mad. San. Ve Tic. A.Ş. 


Casting Ersa Döküm Ve İşleme İth. İhr. Ltd. Şti.  


Scrap Metal Working-Separating-
Storage 


Kılıçlar Hurdacılık A.Ş. 


Dye and Chemicals Kubilay Boya San. Tic. Ltd. Şti. 


Scrap Recycling Makina ve Kimya End. Kur. Hurda İşl. Müdürlüğü 


LPG Filling Plant Pegagaz A.Ş. 
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Range of Activities Facility – Company Name 


Petro-chemical Industry Petkim Petrokimya Holding A.Ş. Genel Md. 


Mineral Oil Production and Fuel Storage Petrol Ofisi A.Ş. Aliağa 
Total Oil Türkiye A.Ş. 
Mega Yağ san. A.Ş. 
Opet Petrolcülük A.Ş. 
Alpet Altınbaş Petrol Ve Tic. A.Ş. 
Shell Turcas Petrol A.Ş. Aliağa Bölge Müdürlüğü 
İpragaz Aliağa Dolum Tesisi 
Totalgaz Total Oil Türkiye A.Ş. LNG Dolum Tesisi 


Scrap Metals Sök Denizcilik tic. Ltd. Şti. Gemi Söküm Tesisi 


Refinery Tüpraş Tükiye Petrol Rafinerileri A.Ş. İzmir Rafineri Müdürlüğü 


Coal Production Urla Makina San. Ve Tic. A.Ş. 


Printing and Cleaning Paper Production Viking Kağıt ve Selüloz A.Ş. 


 


Project Configuration 


The planned Aegean Refinery which will process 214,000 barrels of crude oil per day consists of 14 
process units, associated storage for feed and product, and various off-site facilities including a jetty 
for crude unloading and product dispatch and utility systems to augment the infrastructure that is in 
place at the site currently.  


The following crude oils have been considered for the configuration study:  


Azeri Light: The crude oil of Azerbaijan has a gravity of 34-35 API and classified as medium gravity, 
low sulfur crude oil. It is planned to be supplied by means of 100 – 150 thousand DWT tankers from 
the Black Sea through straits or from the Ceyhan Terminal of BTC pipeline. 


Kirkuk: The crude oil of Iraq has a gravity of 33-34 API and classified as medium gravity, high sulphur 
crude oil. It is planned to be supplied via the Ceyhan Terminal of Kirkuk - Ceyhan pipeline.  


Urals: The crude oil of Russia marketed in the Black Sea basin has a gravity of 32-34 API and 
classified as medium gravity, high sulphur crude oil. It is planned to be supplied by means of 150 
thousand DWT tankers from the Black Sea through straits or via the Samsun-Ceyhan pipeline which is 
being developed. 


Medium Gravity :The crude oil from Middle East Countries has a gravity of 30-31 API and classified 
as medium gravity, high sulphur crude oil. It is planned to be supplied by means of 150 thousand DWT 
Suezmax tankers from Iranian Gulf or the Sidi Kerir Port of Egypt. 


The refinery configuration has a series of process units starting from Crude Oil Distillation to main 
upgrading units along with desulphurization and additional treatment plants. The Crude and Vacuum 
Distillation Units (CDU & VDU) are the initial processing units, which distil crude oil into main streams 
of hydrocarbons according to their boiling points. , The major conversion unit of the configuration is 
Hydrocracker Unit (HCU). HCU enables maximizing the Middle Distillates (Diesel and Kerosene) 
production, yields Petrochemical Naphtha for Petkim’s Steam Cracker and Heavy Naphtha to be 
further processed in Continuous Catalytic Reformer (CCR) within STAR. CCR yields Mixed Xylenes to 
be transferred to Petkim’s Aromatics Complex as feedstock and Reformate to be exported as Motor 
Gasoline Blendstock. The CCR is also able to produce Hydrogen, which is critical to process 
feedstock in different units including the HCU and Hydrotreaters. A Delayed Coker Unit (DCU) is 
selected as the most adequate option for the bottoms upgrading so as to process the heaviest stream 
coming out of distillation units. The DCU converts the bottoms of barrel into lighter feed streams to the 
HCU, Hydrotreaters, LPG saturation units, and yields Petroleum Coke which will be an export product 
of STAR. Other than the HCU, CCR and DCU, STAR’s configuration comprises Diesel, Kerosene and 
Naphtha Hydrotreaters to desulfurize the acidic feed streams into Ultra Low Sulphur final products 
meeting the environmental standards. A Hydrogen Unit (HGU) is included in the refinery configuration 
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to supply the hydrogen requirement of processing facilities. HGU converts natural gas into hydrogen 
and produces steam for internal usage. The HCU and CCR units also have internal hydrogen 
production capabilities via PSA units within their battery limits. The plant configuration is illustrated in 
Figure B.1-4. 


 


Figure B.1-4 STAR Block Flow Diagram (FEED) 


Process Units with Capacities and Material Balance 


The process units and design capacities are presented in Table B.1-2: . 


Table B.1-2: Process Units, Licensors, and Design Capacities (CFS) 


Process Units Unit Design Capacity License Provider 


Crude Distillation Unit BPSD 214,000 Open Art 


Vacuum Distillation Unit BPSD 85,000 Open Art 


Naphtha Hydrotreater Unit BPSD 20,000 Axens 


Continuous Cat. Ref. Unit BPSD 28,000 UOP 


Kerosene Hydrotreater Unit BPSD 26,000 Axens 


Diesel Hydrotreater Unit BPSD 68,000 Axens 


Hydrocracker Unit BPSD 66,000 UOP 


Hydrogen Unit CMPH 160,000 Technip Benelux 


Delayed Coker Unit BPSD 40,000 Foster Wheeler USA 


Saturated Gas Plant TPD 308 Open Art 


Unsaturated Gas Plant TPD 353 Open Art 


Saturated LPG Merox Unit TPD 740 UOP 


Unsaturated LPG Merox Unit TPD 228 UOP 


Sulfur Recovery Unit TPD 487 Tecnimont KT 
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Process Units Unit Design Capacity License Provider 
Sour Water Stripper Unit CMPH 232 Open Art 


BPSD: Barrels/day TPD: ton/day CMPH: cubic meters/hour 


Process unit design capacities have been determined after a detailed assessment of crude oil slate, 
configuration options, and processing schemes provided by the technology licensors. The design 
capacities have considerable margins on top of the nominal capacities so as to process all alternative 
crude oils that have been considered during the conceptual design phase. 


The Project will procure crude oil and natural gas as feedstock. Procurement of ethanol or any other 
derivatives is not foreseen during Concept and Feasibility studies (CFS). Also, procurement of 
intermediates for further processing is not considered as an option. Crude oil will be refined and 
converted into products whereas natural gas will be used as feedstock for the hydrogen plant and as 
fuel in various refining operations. The remainder of the fuel requirement will be supplied by fuel gas, 
an internal product yielded from upgrading processes. 


The Refinery will mainly produce LPG, Naphtha, Mixed Xylenes, Jet/Kerosene, Diesel, Reformate and 
Petroleum Coke. Limited amount of Unconverted Oil and Sulfur can be considered as by-products. 
Naphtha and some LPG will be sent to Petkim as feed to their steam cracker for the production of 
olefins. The olefins and aromatics will be used by Petkim to make polymers, fiber intermediates and 
for-sale high purity chemical building blocks which find application in numerous consumer products 
from film to molded parts to automobile sub-assemblies to carpets.  


The material balance is presented in Table B.1-3. 
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Table B.1-3: Project’s Material Balance  (FEED) 


 Capacity Unit 


Crude Oils Ton/day Barrel/day Barrel/h Ton/year Barrel/year 


Medium Gravity - 14,818 107,000 4,458  5,186,300 37,450,000 


Kirkuk (50%)  14,546 107,000 4,458  5,091,100 37,450,000 


Total Crude Oil Procurement  29,364 214,000 8,916  10,277,400 74,900,000 


Other Raw Material Ton/day Ton/h  Ton/year  


Natural gas -710  29.6 
 


 248,500 
 


Total Raw Mtrl Procurement 
   


 10,525,900 
 


Products Ton/day   Ton/year  


Olefinic LPG  202 
  


 70,700 
 


LPG  715 
  


 250,250 
 


Petrochemical Naphtha  4,613 
  


 1,614,550 
 


Reformate  1,383 
  


 484,050 
 


Jet Fuel  4,658 
  


 1,630,300 
 


Ultra Low Sulfur Diesel  13,632 
  


 4,771,200 
 


Petroleum Coke  1,975 
  


 691,250 
 


Unconverted Oil  41 
  


 14,350 
 


Sulphur  453 
  


 158,550 
 


Mixed Xylenes (Petkim) 866 
  


303,100 
 


Mixed Xylenes (Export)  339 
  


 118,650 
 


Fuel Gas  562 
  


 196,700 
 


Hydrogen (Petkim) 26 
  


 9,100 
 


Total Product Sales 
   


 10,312,750 
 


Loss   609 
  


 213,150 
 


Total 
   


 10,525,900 
 


 


The details of the technologies and products are described in Appendix 1. 


Refinery Tank Farm 


For the tanks design, STAR will follow API 2350 FOURTH EDITION May 2012. 
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The overall crude oil storage volume 465.550m3 is obtained as the total of the stock quantity required 
for operating with the design crude oil for 7 days and the stock quantity to unload a Suezmax tanker 
(150 thousand DWT or 175 thousand m3).  


The gross volume taking the earthquake allowance and tank bottom into account is calculated as 
691.285m3.  


Seven new crude oil tanks, each having a volume of 98,755 m3 will be constructed in STAR Project. 
Storage capacities are presented in Table B.1-4: . 


Table B.1-4: Storage Capacity of the Project  (FEED) 


     


     


     


     


     


     


     


     


     


     


     


 


Tank Service Tank Volume (m³) 
Tank Capacity 
(Ton) 


Number of Tanks Total Volume (m³) 


Crude Oil 98.755 85.463 7 691.285 


Intermediate Products Various Various 31 438.169 


Diesel 45.323 36.848 4 181.293 


Jet 23.012 17.834 2 46.024 


Petrochemical 
Naphtha 64.324 42.904 3 192.972 


LPG Various Various 6 18.909 


Mixed Xylenes 21.202 18.083 2 42.403 


Reformate 21.744 18.656 2 43.488 


Other Products Various Various 4 2.439 


Solid product 2 36.980 ton 
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Storage volume equivalent to 4-day stocks plus one full cargo for finished products, 3-day stocks for 
intermediate products and 7-day stocks for Hydrocracker and Diesel Hydrotreater units will be 
available. The gross volume taking the earthquake allowance and tank bottom into account is 
calculated as 1.705.210m3.  


Seven new crude oil tanks, each having a volume of 98.755 m3 will be constructed in STAR Project. 


Locations of STAR units in the preliminary Refinery design that were utilized by the Local EIA, and the 
locations in the present ongoing design are indicated in below figures. 
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Figure B.1-5 Locations of the Project Units and Stacks in the Presently Ongoing Project Design 
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Utilities and Services 


Table B.1-5:  presents the utility consumption for STAR according to the Concept and Feasibility 
Studies. More precise utility consumption figures will be obtained after completion of the FEED 
package. The supply routes from Petkim to STAR are illustrated in Figure B.1-3. 


Table B.1-5:  Utility Consumption Figures (FEED 


Utility Consumption 


Electricity (MWh)  93,24 


HP Steam (t/h)  10-144 * 


Raw Water (m3/h) + Process Water (m3/h)   945 


  


LP Nitrogen (kg/h) 1,111 


*Steam optimization study is in progress. 


Water Supply 


The water for the Project will be received from Petkim. Petkim provides its water demand from 
Güzelhisar Dam which is located at 15 km to the east of the Project Site from mapping (Figure B.1-2 ). 
Güzelhisar Dam has been constructed between 1975 and 1982 specifically for the purpose of 
supplying water to Petkim, which used to be a public corporation at that period. The Dam was 
constructed by General Directorate of State Hydraulic Works (DSİ) on behalf of Petkim and the whole 
investment costs were paid by Petkim. Currently, Güzelhisar Dam is the water source of Petkim as 
well as Aliağa Town and major industries in the region.  


According to the protocol made with DSİ on April 11, 1983, the operation and maintenance of the 
Dam’s reservoir and connected units is done by DSİ, and operation and maintenance of the 
transmission line between the Dam and Petkim is done by Petkim. The total reservoir capacity was 
stated as 78.4 million m3 and total available flow as 2,500 l/s. Distribution of the Dam’s water to 
Petkim, other state corporations and Aliağa Municipality was stated as follows: 


 Flow (l/s) Ratio (%) 
Petkim 1,830   73.2 
TPAO (Turkish Petroleum Corporation)     400   16.0 
Aliağa Municipality      70     2.8 
MKE Steel Manufacturing Ind.      50     2.0 
Dam Effluent    150     6.0 
Total 2,500 100.0 


The Protocol also states that if the total water amount in the Dam is less than 78.4 million m3 and flow 
is less than 2,500 l/s, then the water would be distributed to the same receivers according to the 
stated ratios. For the cases the total amount is more than 78.4 million m3 and 2,500 l/s, new rules 
should to be discussed and agreed.  


Petkim’s records between the years 2006 and 2011 indicate that Petkim received a water amount of 
970 - 1,000 l/s, utilized 660 - 770 l/s and provided the remaining amount to few other entities in the 
region as indicated below. 
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Table B.1-6: Water Balance for Güzelhisar Dam Capacity and Petkim’s Supply 


Item Water Amount (l/s) 


2006 2007 2008 2009 2010 2011 


Total Available Water in Dam 3,043 2,776 1,884 4,044 4,024 4,000 


Total Reserved for Petkim (1830 l/s or 73.2% 
of total) 


1,830 1,830 1,379 1,830 1,830 1,830 


Total Water Supplied from the Dam to All 
Entities 


1,008 1,046 1,027 974 976 885 


Usage of Petkim 670 715 568 664 633 607 


Water 
Supply to 
Other 
Entities 


Raw Water Tüpraş İzmir 
Refinery 


311 280 248 216 226 219 


Aliağa 
Municipality 


17 42 29 34 46 54 


Petrol Ofisi 1 0 0 0 0 0 


Enka 8 7 7 9 7 4 


Drinking 
Water 


Petrol Ofisi 1 1 1 1 1 0 


Process 
Water 


İzsu (İzmir 
Municipality, 
others) 


0 0 174 49 63 0 


Total 338 331 459 309 343 277 


Available Water for the Project (after Petkim 
and other entities) 


822 784 352 856 854 945 


 


Project’s Water Demand in Construction Phase 


The water consumption of STAR Project during the construction phase will be dependent mostly on 
the number of staff working on the site. The estimated number of the employees will average 2,000 to 
3,000, maximum being 7,000 during peak period including STAR Marine Terminal construction works. 
Estimated water consumption for domestic use is approximately 150 l/person/day, resulting in 
estimated water demand of 1,050 m3/day (~12 l/s) at the peak level. 


Project’s Water Demand in Operation Phase  


Water requirements for STAR will include potable water, cooling water, process water and firefighting 
water during the operation phase.  


It is expected that up to 650 people would be at the site for the operation phase. Estimated water 
consumption for domestic use is approximately 150 l/person/day, resulting in estimated water demand 
of about 100 m3/day.  


With regards to STAR Marine Terminal it is predicted that 50 employees will work on Site during the 
operation phase after extension. Estimated estimated water demand of about 0.75 m3/day.  


STAR processes also require a substantive amount of cooling to dissipate excess heat from the 
process units. The heat will be rejected through cooling by circulating water in a closed loop system 
that will absorb the heat from the processes and exchange it with a cooler process fluid. Cooling water 
will be transmitted via pumps from cooling tower to be installed. Because the system will be closed 
loop, there will not be any discharges into the receiving environment. In order to prevent corrosion in 
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the system, corrosion inhibitor and biocide in order to prevent organism development in the water will 
be put in the system.  


The objective of the Cooling Water Unit is to treat process water to produce and distribute cooling 
water of a quality level that is required by its specific users. The feed to the Cooling Water Unit is 
Process Water, which is conditioned by chemicals from the Cooling Water Treatment Package and is 
retained in the Cooling Water Basin. From here, the Cooling Water is pumped to its users and 
subsequently, returned to the Cooling Water Tower where it will be cooled and collected in the Cooling 
Water Basin. The capacity of the unit to be defined by the bidders considering refinery consumption. 
Estimated design capacity of the unit is 21,000 m3/h. 


The cooling process will consume 10,000 m3/hour of water for the initial start and will also need to 
balance this amount with a demand of 100 m3/hour due to the system losses. The system is illustrated 
in Figure B.1-6 . 
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Figure B.1-6 Cooling Water System
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The process water refers to freshwater used in STAR processes, for steam generation, and for non-
process water requirements such as machinery wash down. The amount of process demand is 
anticipated as 300 m3/hour. As a total, the water demand in operational phase of the Project will 
consist of process, cooling, service and fire fighting water. Distribution of Project water demand is as 
follows: 


• Normal Operations 
o Cooling Water Ring : 21,000 m3/hour 
o Process Water for cooling water make-up : 460 m³/hour 
o Process Water for DMW : 234 m³/hour 
o Utility Water  : 90 m³/hour 
o Fire Fighting Water : 209 m³/hour 
o System Loss : 357 m³/hour 
o Project’s Total Water Demand (excluding start-up) : 1,260 m³/hour ~= - 350 l/s  


The water balance in Table B.1-6:  indicates that the amount of water allocated for Petkim in 
Güzelhisar Dam would be sufficient to meet the water demands of Petkim, other entities and the 
Project.  


Power Supply  


The Project will require -93,24 MWh electricity and - 10- 144 - ton/h high pressure steam. The boiler 
design has not been finalized therefore the boiler is not included in the scope of this study. After the 
finalisation of the boiler design relevant additional studies and assessments will be prepared. 


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders. 


The objective of the Steam Boiler Unit is to produce and distribute high pressure steam to the refinery 
HP steam header. During normal operation it is assumed that the boilers will both be operating. In the 
event that the Hydrogen Unit (HGU) trips, both boilers should be able to deliver the base load and 
hydrogen plant steam production. The rounded up combined maximum continuous rated (MCR) load 
of the both boilers is 280 t/h (or 140 t/h each). 


Wastewater 


The treated wastewater during construction and operation phases will be discharged to the sea 
(nearest receiving environment) according to the provisions of the Regulation on Water Pollution 
Control, published at Official Gazette dated December 31, 2004 and numbered 25687.  


The wastewater treatment and discharge methods during construction and operation phases are 
described below. 


Construction Phase 


Wastewater generation during the construction phase will consist of the domestic wastewater from 
construction camp(s) and wastewater from the construction works. As explained in the water demand 
section, the water consumption will be 1,050 m3 per day. In order to treat this wastewater, existing 
Petkim WWTU and/or packaged domestic waste water treatment facilities will be established 


Package treatment units can be installed and operated both aboveground and underground. Their 
working principle is based on activated sludge process. In this system, as in all activated sludge 
systems, organic contaminants in the waste water are broken down by activated sludge bacteria and 
transform into water and carbon dioxide.  
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In the biological package treatment systems, the waste water can be treated by the activated sludge 
bacteria developed by introduction of oxygen and consumption of the organic contaminants as 
nutrient. The excessive activated sludge bacteria formed in the system is eliminated from the system 
in the form of sludge. The most important characteristic of package treatment is that they are batch 
systems and aeration and settling unit operations occur in the same basin. Thus, less space and 
amount of equipment are required with decreased capital and operational costs compared to 
conventional treatment systems. Another advantage of the biological treatment systems is that the 
pumps used in these systems are the real waste water pumps. Since these pumps are capable of 
conveying solid particles, they will not cause clogging problems.  


Concrete will be produced in the concrete mixing station for the construction. Furthermore, since there 
will not be industrial water use, industrial waste water generation is not expected. The plant flow chart 
is shown in Figure B.1-7 . 


 


Figure B.1-7 Package Treatment Plant Schematic 


Construction camp location was not determined yet. Several construction camp alternatives were 
assessed. Currently there are three alternative locations as shown in Figure C.7.4-1 . Petkim WWTP 
can be used in the camp area 2 and 3 (Figure C.7.4-1 ) and a packaged domestic waste water 
treatment facility will be established for camp area 1.  


The point of discharge will be decided after the camp location is selected. One or more treatment plant 
will be installed depending on the camp locations and numbers. The effluent of the treatment plant(s) 
will be discharged to the sea. 


The characteristics of the treatment plant(s) will be selected so that the capacity is sufficient and the 
treatment system is appropriate to treat the particular wastewater from each of the construction camps 
to the quality required by regulations. 


If the treated water is used for irrigation, Technical Methods Communique - Section 7 “Using Treated 
Water for Irrigation”, published at Official Gazette dated January 7, 1991 and numbered 2078 under 
Water Pollution Control Regulations will be followed. Required permissions will be received in the 
mean time. Project approval will be obtained within the scope of Waste Water Treatment / Deep Sea 
Discharge Facilities Project Approval Circular numbered 2012/9. 
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Operation Phase 


Main liquid waste originated from the Aegean Refinery Project will consist of process waste water, 
domestic waste water, storm water and contaminated water from the site surface and cooling water 
from units. Oil and hydrocarbons are the main contaminants from the refineries. They are suspended 
solids containing hydrogen sulfur, ammonia, benzene, metal and inorganic compounds (sulfide, 
phosphate). The main sector contaminants and unit sources are presented in Table B.1-7: . 


Table B.1-7: Contaminants Generated at the Refineries 


 


Source: IPPC, 2003 


The current WWTP at Petkim site does not have enough capacity for both Petkim and STAR 
operations. Thus, a new waste water treatment unit for STAR will be built. 


Wastewater Treatment Plan 


The WWTU shall be installed in the area adjacent to the existing WWTU of Petkim. The location of this 
WWTP is shown in Figure B.1-8  and preliminary plotplan of the WWTP is shown in.Figure B.1-9 . 


 


Figure B.1-8 Location of New WWTP


Contaminants Source 


Oil Distillation units, hydrotreatment, hydrocracking, 
auxiliary units 


H2S Distillation units, hydrotreatment, hydrocracking 


NH3 (NH4+) Distillation units, hydrotreatment, hydrocracking, 
domestic wastewater 


Phenol Distillation units, ballast water 


Organic Chemicals (BOD, COD, 
TOC) 


Distillation units, hydrotreatment, hydrocracking, ballast 
water, auxiliary units (rain), domestic wastewater 


CN-, (CNS)- Ballast water 


Total Suspended Solids (TSS) Distillation units, ballast water, domestic 


 


New WWTP  


Existing Petkim WWTP 
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Figure B.1-9 Preliminary Plotplan of the WWTP
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The Waste Water Treatment Unit shall be capable to treat all waste water coming from the refinery 
facilities. The waste water streams are identified in Table B.1-7: . 
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Table 
B.1-8:: 


Wastew
ater 


Stream 
in 


WWTU 


   


  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


(1) Non-phenolic stripped water maximum flowrate and excess HCU water is considered as the 
maximum stripped water flowrate from the refinery as an upset condition.   


(2) Normal Sanitary waste water production per person is assumed as 200 lt/day (Personnel 
number:700).  


(3) Average rainfall (565.3 mm per year) is taken as base for normal oily water flow. The total area 
is considered as 845,000 m2 which includes refinery process units area and tankage area. 
  


(4) Based on 36.11 mm rainfall x 245,000 m2 (Surface Area of Process units only) dosed over 24 
hours to WWTU. 


(5) This stream is normally sent to CDU desalters. In case there is any upset, it will be sent to 
WWTU (while water amount needed by CDU will be backed-up by the excess non-phenolic 
stripped water and by other refinery water sources). In this case the phenol content of this 
stream has its peak value of 369 ppm wt. 


(6) These streams are intermittent but shall be dosed to the WWTU continuously.   
(7) This stream shall be determined if it should go to WWTU or alternative destination.  
(8) This stream to be routed to WWTU Equalization Tank after inline neutralization. Alkalinity of 


the stream should be utilized to adjust the overall pH in the Equalization tank.   
(9) Design capacity is set at considering a design margin of 20%.   


Streams (m3/h) Normal Operation Max. Design 
Oily Water  144 532 (12) 
 - Rain 55 (3) 369 (4) 
 - Blowdowns etc 89 89 
 - Oily Rain Water from Jetties 
1/2&3 


0 32 (14) 


 - Oily Rain Water from Jetties 4 0 25 (15) 
 - Oily Rain Water Jetty – Tank 
Area 


0 17(16) 


Stripped Sour Water 93 110 (1) 
Excess water from HCU 25 25 
Non-phenolic Stripped Water 68 85 (10) 
Phenolic Stripped Water 0 73.2 (5) 
Desalter Effluent 110 110 
Sanitary Waste Water(2) 6 8 
Sanitary Waste from Jetty 1 1 
Sulphidic spent caustic 0.06 0.07 
Sulphidic Spent Caustic (SRCT)(6) (0.8 m3/h,30min 2xday) (0.8 m3/h,30min 2xday) 


Sulphidic Spent Caustic (URCT)(6) (0.8 m3/h,30min 2xday) (0.8 m3/h,30min 1xday) 


Spent COS Solvent(6) (7) (3.3 m3/h,30min 1x 10days) (3.3 m3/h,30min 1x 10days) 


Spent Caustic(8) 1.4 (6.8) (11) 
Cargo Ship Slops(20) 15 15 
CW Tower Blowdown(19) 107 134 
Jetty Bilge Water 1 1 (17) 
Demin Water Effluent(18) 4.9 4.9 
TOTAL 482 917.5 
DESIGN CAPACITY   1101 


(9)
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(10) Max. non-phenolic stripped sour water is considered as 125% of normal flow rate.   
(11) This flow is discontinuous (during equipment washing operations). So, normal flow of 1.4 m3/h 


has been taken into consideration for the TOTAL amount calculation.   
(12) Sum of rain, blowdowns and Oily water from the Jetties.  
(13) Deleted 
(14) The oily rain water amount from Jetty 1/2/3 is 250 m3/h each (Total 750 m3/h) based on rain 


water. First hour would be sent to WWTU. It would be dosed over 24 hours to WWTU. 
(15) The oily rain water amount from Jetty 4 is 600 m3/h based on rain water. First hour would be 


sent to WWTU dosed over 24 hours. 
(16) The oily rain water amount from Jetty tank area is 400 m3/h based on rain water. First hour 


would be sent to WWTU dosed over 24 hours. 
(17) Estimated Bilge water flow rate.  
(18) Demin Water unit effluent flow based on emptying the Demin Water unit neutralization basin 


(estimated to be 117 m3) in two hours and dosifying this volume in 24 hours to WWT. EPC 
contractor to confirm. 


(19) Estimated Cooling Tower Blowdown rate. EPC contractor to confirm. 
(20) Estimated Cargo ship slops flow rate. 


 


The WWTU shall handle effluents, potentially contaminated water streams and surface water runoff 
from within the STAR complex. The following process streams and streams from drainage systems 
shall be treated by the WWTU: 


• Oily Water Sewer System (OWS). This system comprises rain water, drip and drains and 
steam out from equipment within the process units. On occasion water from the tankage 
area or blowdown from the Cooling Tower could be drained to this system if contaminated. 
Possible fire water runoff from process and storage area will be retained in the retention 
basin. 


• Excess stripped sour water streams. 


• Desalter effluent stream. 


• Sanitary sewer System (SS). 


• Spent sulphidic caustic streams and spent COS solvent stream. 


• Spent caustic stream. 


• Jetty Slops, including contaminated rainwater from the Jetty. 


• Bilge water. 


• Sludge and Sanitary water from cargo ships. 


• General Service Drain system (GSD). Water collected in the GSD (rain water from 
tankage area and paved area outside the process units and water from the wells) is  routed 
to the sea. 


Storm water from the area outside the STAR Facility is redirected directly to the sea via channels. A 
typical process block diagram of the WWTU is given below 
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Figure B.1-10 Process Flow Diagram of WWTU 
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Streams collected in the OWS are routed to the Inspection Basin of the WWTU. From here the stream 
is routed to a Corrugated Plate Interceptor (CPI) and a Dissolved Air Flotation (DAF) unit respectively. 
The water stream from the CPI is adjusted by pH adjustment and chemical dosing, before it is sent to 
the DAF unit. Here, the oil is removed by means of dissolved air flotation and the water stream is sent 
to the common Equalization Tank. Removed oil and oily sludge from the CPI and DAF shall be sent to 
the refinery slop tanks. 


Spent caustic stream is high in alkalinity and the pH of this stream needs to be adjusted. pH 
adjustment for this stream to bring it down to a suitable pH shall be performed inline. The remaining 
alkalinity of this stream should be utilized to neutralize the combined feed to the biological WWT. 


The spent sulphidic caustic and spent COS solvent stream are produced intermittently and collected in 
a Sulphidic Spent Caustic Buffer Storage Tank in the WWTU area. The content is continuously dosed 
to the Equalization Tank. Considering the relatively small flow of these streams it is believed that the 
streams can be routed directly to the WWTU without prior treatment or separate pH adjustment. 


Desalter Effluent is treated in respectively its own CPI and DAF unit to remove oil and is subsequently 
sent to the Equalization Tank. Removed oil and oily sludge from the CPI and DAF shall be sent to the 
refinery slop tanks. 


Excess stripped sour water is sent directly into the Equalization Tank, where it will be mixed with the 
above streams. 


Sanitary waste water is to be added downstream the Equalization Tank directly into the aeration tank 
of the WWTU. 


After the aeration tank, the effluent is sent to the Clarifier section. The effluent of the Clarifier will be 
routed to sandfilters and subsequently sent to the sea. Excess biological sludge will be dewatered. 
Separated water will be sent back to the Aeration Tank, while the dewatered sludge will be routed to 
the existing Solid Liquid Incineration Unit in PETKIM or third parties. 


The final scope and design of the WWTU shall be confirmed by Contractor. The following sections 
describe the design considerations of some of the equipment in the WWTU. 


Inspection Basin 


Oily Water Stream will be collected in the surge pond (Inspection Basin) before entering its own CPI 
separator and DAF units. The Inspection Basin will have sufficient capacity to accommodate the 
rainwater resulting from 30 minutes of the maximum recorded rainfall intensity of 33.7 mm within ½ 
hour from the Process Unit Area (245,000 m2, to be confirmed by Contractor). This quantity of oily 
water is to be collected in the aforementioned surge pond (Inspection Basin). In addition to this flow, 
the continuous Blowdown flow of 89 m3/h shall also be included. 


The GSD is routed to the WWTU area (to be investigated by Contractor) with the option to divert it into 
the Inspection Basin before it is sent to sea. The proposed connection to the WWTU is for safety 
precautions for emergency cases, therefore no additional design flow for the WWTU shall be 
considered. 


The flow from the pond to the CPI separator shall be done by means of non emulsifying pumps. 


The preliminary size and depth of the Inspection Basin, refer to the plotplan in Figure B.1-10  shall be 
verified by Contractor. 


 


OWS Effluent CPI separator and DAF unit 
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To treat the OWS influent stream the following is proposed: 


• 1x 100% CPI free oil separator, consisting of two (2) bays. 


• 1x 100% DAF emulsified oil separator. 


The design operating range for the CPI and DAF oil removal systems is 144 to 453 m3/hr. Multiple 
plate packs in the CPI with isolation capability shall be considered for maintenance without requiring 
shutting down the entire CPI. Pumping of sediment out of the CPI is performed manually as required. 
The CPI effluent is fed by 2x100% capacity pumps (one in operation) to the DAF system. The DAF 
unit will be equipped with 2x100% (one in operation) recirculation pumps. 


Desalter Effluent CPI separator and DAF unit 


To treat the Desalter influent stream the following is proposed: 


• 1x 100% CPI free oil separator, consisting of two (2) bays. 


• 1x 100% DAF emulsified oil separator. 


The design operating range for the CPI and DAF oil removal systems is 110 m3/hr. Multiple plate 
packs in the CPI with isolation capability shall be considered for maintenance without requiring 
shutting down the entire CPI. Pumping of sediment out of the CPI is performed manually as required. 
The CPI effluent is fed by 2x100% capacity pumps (one in operation) to the DAF system. The DAF 
unit will be equipped with 2x100% (one in operation) recirculation pumps. 


Equalization Tank, Equalization Tank Pumps 


Volume of the equalization tank shall be based upon 36 hours of the design waste water flow. In 
addition the following design considerations apply: 


• Activated Carbon Filters are required to reduce volatile hydrocarbon emissions from the 
Equalization Tank. 


• Tank is to be equipped with floating skimmer for free oil removal. 


• Tank is to be equipped with submersible mixer(s) complete with hoisting device / side 
entry mixer(s). 


• The equalization tank pumps (2x100%), pump the equalized and homogenized effluent 
streams from the equalization tank to the Biological WWT. 


Biological Waste Water Treatment Package 


The biological treatment system, including clarifiers, is designed with two half-rate (50% of the design 
flow rate) parallel trains to allow for continuous reduced capacity operation with one train out for 
maintenance or operational problems. This two stage biological treatment unit consists of a pre-
aeration basin, followed by an extended aeration basin to reach discharge limits given in section Table 
A.2-8: . (The stringent of the limits given in that Table will apply) . 


Chemical Dosing Package(s) 


• pH adjustment and chemical dosing is required for the inlet streams of the OWS DAF, 
Desalter Effluent DAF, CCR Spent Caustic stream and feed flow to the biological treatment. 
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• Required chemicals are: 


- coagulant, 


- medium - strong cationic polymer 


- flocculant such as a medium / strong anionic polymer 


- pH adjuster such as Sulfuric Acid or Caustic. 


- Phosphoric Acid (as nutrient for bacteria’s) 


• Contractor to advice on type and quantity of required chemicals. 


• 2x100% Dosing pumps are required per chemical (1 continuously running and 1 spare) 
for OWS DAF chemicals, Desalter Effluent DAF chemical And CCR Spent Caustic chemical. 


• Capacity of pumps by Contractor. 


• 3x50% Dosing pumps are required for chemicals for the two 50% train of the biological 
treatment unit. 


• 3X50% Dosing pumps are required for nutrient dosing for biological treatment. 


• 2x100% Dosing pumps are required for sludge dewatering. 


• Remote set-point with position transmitter on the chemical dosing pumps and local on/off 
shall be applied. 


Biological Sludge Dewatering 


The biological sludge dewatering is designed to dewater the excess biological sludge, from the 
biological WWT. Dewatering of excess biological sludge shall be by means of a centrifuge. Excess 
biological sludge will be transferred by sludge pumps to the centrifuge. Cationic polymer dosing shall 
be considered for optimal dewatering, Sludge will be transferred to a sludge holding tank. From the 
central pit the water return pumps will return the water. A belt conveyer will convey the sludge to a 
container located close to the WWTU. The collected sludge will be sent to a licenced third party or will 
be routed to Petkim incinerator and will be disposed in accordance with the “Regulation on Control of 
Hazardous Wastes” published at Official Gazette dated March 14, 2005 and numbered 25755. The 
operating licence of the Petkim Incinerator and the types of the wastes accepted by the incinerator is 
presented in Appendix 14.  


Wastes 


The main waste types expected to be generated during the construction and operation phases 
of the Project and planned disposal methods are explained below: 


Waste Generation During Construction Phase 


Expected main waste types to be generated during the construction period are: 


• Domestic solid waste,  
• Excavation wastes, 
• Waste oil,  
• Recyclable wastes (glass, metals, papers and plastics), 
• Accumulators and batteries,  
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• Waste tyres,  
• Packaging waste (paper, carton, metal, glass, rubber, gum, textile, plastic etc.),  
• Used vegetable oil, and 
• Medical wastes.  


Assuming the domestic solid waste generated by the staff will be 1.34 kg/day/person (Website of 
MoEF, General Directorate of EIA, Permits and Control, http://www.cedgm.gov.tr ),, the daily solid 
waste generation of 2,000 to 3,000 employees is estimated approximately 4,020 kg. During the peak 
construction period the daily waste amount is estimated to be 9,400 kg for 7,000 employees including 
personnel in STAR Marine Terminal construction works. 


Waste Generation During Operation Phase 


Expected main waste types to be generated during the operations will include: 


• Domestic solid waste,  
• Waste oil,  
• Recyclable wastes (glass, metals, papers and plastics), 
• Accumulators and batteries,  
• Waste tyres,  
• Hazardous wastes,  
• Packaging waste,  
• Used vegetable oil, and 
• Medical wastes.  


A typical hazardous waste composition of a refinery is presented in Table B.1-9: . 


Table B.1-9: Waste Composition Generated at STAR 


Type of Waste   Category Source 


Greasy Material Oily sludge Bottom of the tanks, wastewater treatment sludge, 
contaminated sludge 


Solid material Contaminated sludge, oil spills, filter material, 
activated carbon, packaging, insulation material 


Non-greasy 
Material 


Spent catalyst Hydrotreatment catalyst 


Other 
materials 


Boiler feed water sludge, resin, desiccants and 
absorbents  


Containers  Metal, glass, plastic and dye 


Spent Chemicals  Caustics, acids and solvents  


Mixed Waste  Domestic waste and plant waste  


Waste Oil  Naphtha, lubricating oil and recycled oil 


WWTP Sludge  WWTP 
Source: IPPS, 2003 


The daily domestic solid waste generated by 700 employees for both refinery and marine terminal 
operation works is estimated approximately 938 kg.  


The estimated hazardous waste amounts to be generated in STAR are as follows: 


• Catalyst and chemicals: 1,500 ton/5 years 
• Tank bottom sludge : 1,000 ton/year 
• WWTP sludge: 125 ton/day 
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Waste Management Methods 


As required by the “Regulation on General Principles of Waste Management” the wastes generated 
during construction and operation phases of the Project will be separately collected and stored on the 
site and will be disposed according to the requirements provided in the relevant regulations  


Collection, transportation and disposal of the main waste types are mentioned below: 


• Domestic solid wastes (construction and operation): Will be collected and disposed by 
Aliağa Municipality. 


• Excavation waste (construction): Will be transported to the area indicated by Aliağa 
Municipality in accordance with the provisions of the Regulation on Control of Excavation, 
Construction and Demolition Wastes. 


• Waste oil (construction and operation): The waste oils and other wastes during 
maintenance of the process units, machinery and equipment, vehicles, etc. will be stored 
in contained tanks labelled with “waste oil” signs. These containers will not be mixed with 
water, benzene, fuel-oil, paint, detergent, solvent, and antifreeze or diesel fuel. The 
maintenance, fuel delivery and oil change of the machines and vehicles will be performed 
at the related unit or machinery park built on the construction site or at licensed/certified 
gas stations. Licensed entities will be contracted for collection, transportation and 
disposal. 


• Recyclable wastes (construction and operation): The wastes which have salvage value, 
such as machinery or metal parts, plastics, etc will be sold to the related parties for 
recovery.  


• Waste tyres 


• Waste batteries and accumulators (construction and operation): Licensed entities will be 
contracted for collection, transportation and disposal. 


• Hazardous wastes (construction and operation): Hazardous wastes management will be 
conducted along with the requirements of the Regulation on Hazardous Waste 
Management. The wastes will be stored on a dedicated impermeable hazardous waste 
storage area which will be fenced, covered and labelled. Licensed entities will be 
contracted for collection, transportation and disposal. The wastes that can be incinerated 
will be transported to Petkim’s licensed waste incineration plant. 


• Packaging waste (construction and operation): Will be transported to licensed entities to 
be recycled/recovered in accordance with the provisions of the Regulation on Packaging 
Waste Management. 


• Used vegetable oil (construction and operation): Licensed entities will be contracted for 
collection, transportation and disposal. 


• Medical wastes (construction and operation): Will be collected in special bags and 
containers. A local hospital will be contracted for collection, transportation and disposal. 


STAR Marine Terminal 


Marine transportation of the raw material and products associated with the Project construction and 
operations will be performed by STAR Marine Terminal consisting of four Jetties to be constructed in 
two phases.  


Petkim has been decided to resort capacity increase for the jetty and port facilities in order for 
improving existing Port in Nemrut Gulf, operating it under more economical conditions and carrying out 
more effectively income-generating activities. The extension has been projected so as to meet 
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primarily its own needs by the Project Owner and to maintain commodity flow and besides it shall 
provide port services to third parties.  


EIA Report has been prepared for the Project and “EIA Positive Decision” was given dated 
December,8,2010 by the former MoEF. 


Afterwards, the project went under revision and extension again. Another EIA Study for the second 
extension (with two Jetties of STAR Marine Terminal) was conducted in 2011 and EIA Report was 
approved by MoEU and “EIA is Positive” decision was obtained for the new extension project in 
January, 26, 2012. 


In operation of STAR Project, unloading (import) of crude oil and loading (export) of multiple products 
including LPG, jet, diesel, reformate, sulphur and xylenes activities will be allowed by planned STAR 
Refinery Marine Terminal in Petkim Port.  


The site for the marine terminal is located to the west of the existing port inside Petkim facilities. The 
coastline in the area is currently idle and the access is very limited. For development of the marine 
terminal, first construction of a coastal reclamation is needed. The reclamation will be done by marine 
filling by quarried rock along the coastline and will aim to create a platform for the access road, 
pipeline and conveyor lines. The average width of the reclaimed area will be 30 meters and 
approximately 3 million tons of rock will be used. A minor slope stabilization work also will be required 
on the cliffs behind the terminal. General layout of STAR Marine Terminal is given in Figure B.1-11 . 
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Figure B.1-11 General Layout of STAR Marine Terminal 


 


At present, four separate jetties are planned. Each of the jetties will allow double sided berthing of 
tankers. While three jetties will be for liquid handling, one jetty will be for bulk cargo namely coke and 
sulphur. 


The first jetty at southern boundary of the terminal is called Jetty 1 and will serve to crude oil unloading 
and diesel loading. The jetty will allow berthing of up to 150,000 DWT tankers. The jetty length will be 
app. 510 meters and will consist of multiple loading/unloading platforms and breasting/mooring 
dolphins.  


Jetty 2 and 3 will have a similar structural configuration and both will have an approximate length of 
370 meters. The design vessels for these jetties are smaller; max size is 35,000 DWT. The jetties will 
serve to export products and loading arms for these various products shall be present on the jetties.  


Jetty 4 is reserved for bulk cargo handling only and located at northern part of the terminal area. It is 
approximately 300 m. in length and will have app. 30 m. constant width to enable operation of 
conveyor system on the deck. Both sulphur and coke will be handled in the conveyor system which 
will include two separate belts and shiploaders for each product. 


Jetty 1 and Jetty 2 (Phase 1 projects) are planned to be constructed before other jetties and their EIA 
approval was obtained in 2012 as described above. EIA and other permits will be obtained for Jetty 3 
and Jetty 4 (Phase 2 projects) before construction. The time table for this projects is given in Chapter 
A.1.2. 


All jetties will be founded on large diameter steel piles. Operating platform will be formed by reinforced 
concrete deck system which will be a combination of precast and in-situ concrete components. Each 
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jetty shall be connected to the reclamation along the coast by means of an access road (or 
trestle/causeway). This trestle will form the bridge between the land and loading platforms for pipe 
racks, roadway and other facility and instrumentation required for the marine terminal.  


All necessary water, wastewater and fire water facilities shall exist on the jetties in addition to mooring 
accessories like bollards, fenders and quick release hooks etc. For emergency situations, oil boom 
containers and fire monitors will also be available.  


At general master planning of the terminal, vessel navigation simulation studies including the third and 
fourth jetty have been conducted and the best configuration of the jetties was determined for safe 
operation of the terminal. The water depths in the terminal area are suitable for safe navigation of the 
tankers and there will be no need for dredging.  


Selection of the Structural System  


For berthing of tankers, jetty systems composed of offshore loading/unloading platforms and 
breasting/mooring dolphins are considered. Connection of the platforms to the land is via a trestle on 
which a roadway and two separate pipe racks are placed. Interconnections  between  the  platforms  
and  dolphins  are  made  by  means  of  steel  catwalks.  


Each  jetty  member  shall  be  exposed  to  specific  design  loads  depending  on  their function as 
described below in detail. Earthquake loads in case of a seismic action are common load for all jetty 
members. Breasting/mooring dolphins shall also be exposed to vessel impact and bollard loads 
respectively. It is foreseen that the seismic loading shall be the governing factor in design of the 
structures. Due to existence of strong tuff layers at sea bottom, bearing capacity, settlement or slope 
stability related problems are not expected to be critical at the jetties.   


Regarding structural system selection, piled concrete deck systems were considered in conceptual 
design phase.  A  jetty  system  composed  of  steel  pipe  piles  and  a combination  of  precast  and  
in  situ  concrete  deck  system  is  commonly  applied  in Turkey.   


The main concerns regarding piled structures for the jetties are the existence of hard material which 
could make pile driving a costly and difficult task. In case piles are not driven into the bedrock at 
sufficient lengths by hammering only then a rock socketing might be necessary.   


The  access  trestles  are  formed  by  pre-stressed  RC  beams  placed  on  pile  capping beams. A 
concrete deck on top of beams is designed to place roadway and two pipe racks located along both 
sides of the trestles.   


The  catwalks  are  simple  steel  structures  formed  of  a  steel  pipe  used  as  main  load carrying 
beam. 


Reclamation  


Reclamation works to be carried out shall consist of formation of marine fills along the coastline to the 
west of the Petkim Port. 


In conceptual design, the reclamation is formed by a granular volume fill covered by filter and armor 
layers from offshore side. The source of the material for reclamation works  are  the  excavations  at  
Petkim  site  during  both  refinery  and  container  port constructions. The filter and armor layers are 
formed by quarried rocks assuming that the yield of the existing quarries shall be adequate to obtain 
required material in required volumes and qualities.  


See below figure for typical Warf construction stages with piles. 
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Figure B.1-12 Wharf construction stages with typical piles 


 


Handling of bilge water 


The oily water slop is generated during ship tank washing. Slop may include previous product that 
cargo ship has transferred, sea water, fresh water etc. Each tanker is provided with his own pumping 
system to transfer the oily water slop on-shore through a new dedicated pipeline to be installed on the 
jetty and connecting the slope oil tanks. Connection with the new pipeline will be done through product 
loading arms for each berth. The off-loaded oily water slop goes to the Slop Storage Tanks (690TK-
001A and 690TK-001B), where it is accumulated and then sent  to the downstream Corrugated Plate 
Interceptor Unit (CPI Separator Package 1, by EPC Contractor) for primary de-oiling. Water out-
coming the CPI Separator Package-1 is pumped to the Waste Water Treatment Unit. Separated oil is 
skimmed off and pumped back to the Hydrocarbon Drainage Tank 690TK-002. The oily sludge 
extracted from slop will be routed to the incinerator by barrels. 


Bilge water can be classified as the closed drain of the engine room of the cargo ships. Bilge water 
may include oil, water, sea water, etc. Each tanker is provided with his own pumping system to 
transfer the bilge water to on-shore through a new dedicated pipeline to be installed on the jetty and 
connecting the bilge water tanks. Connection with the new pipeline will be done through product 
loading arms for each berth. The off-loaded bilge water goes to the Bilge Water Tank (690TK-003), 
where it is accumulated and then is sent to the downstream Corrugated Plate Interceptor Unit (CPI 
Separator Package 2, by EPC Contractor).Water out-coming the CPI Separator Package-2 is pumped 
to the Waste Water Treatment Unit. The oily sludge extracted from slop will be routed to the 
incinerator by barrels.  


The Separator packages will be designed to ensure an operation of treating  the oily water to a quality 
acceptable to the wastewater treatment plant. 
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“Law on Principles for Emergency Response and Compensation of Losses in Pollution of Marine 


Environment by Petroleum and Other Hazardous Substances - No.5312 (issued on 11.03.2005)” and 
of “Regulation of Implementation of the Law on Emergency Response and Compensations on Marine 


Pollution by Petroleum and Other Hazardous Wastes (issued on 21.10.2006)” require; that the coastal 
facilities which may potentially cause marine pollution by petroleum or by the materials identified by 
the international MARPOL 73/78, should take all required measures to prevent marine pollution. 


In order to determine the required measures, the coastal facilities in the scope of the abovementioned 
Law and Regulation, should conduct a risk assessment study and prepare an emergency response 
plan including required equipments and staff resources to respond various emergency cases. 


The Risk Assessment and Emergency Response Plan for Petkim Port has been completed in 2008 by 
the company Trsim Ltd. along with the requirements of the abovementioned Law and Regulation. In 
the scope of the study, environmental characteristics of the subject area have been investigated and a 
marine water quality analysis was conducted. It is reported that 9 samples were collected from sea 
water at and around Petkim Port on November 21, 2007 and analyzed for physical, chemical and 
biological characteristics. 


Other marine investigations in the scope of the Risk Assessment and Emergency Response Plan are 
listed below: 


• Hydrographic and oceanographic investigation and sea water oceanographic 
parameters measurements; 


• Sea bottom sediment analysis, sediment transportation and sand deposit model; and 


• Sea bottom sonar studies and seismic measurements. 


This study will be updated and revised to include the STAR marine terminal project by the STAR 
Company before the actual operation of the project starts. 


Associated Facilities 


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders. 


The required water for the Project will be received from Petkim. Petkim provides its water demand 
from Güzelhisar Dam which is located at 15 km to the east of the Project Site (Figure B.1-2 ) and has 
been constructed by DSİ for the use of Petkim. Petkim has an allocation of 1,830 l/s (or 73.2%) water 
for the Dam’s water. At present, Petkim utilizes some 1,000 l/s of its total allocation, 600-700 l/s being 
Petkim’s use and 300-450 l/s supply to other industries in the region such as Tüpraş İzmir Refinery 
and Petrol Ofisi Oil Terminal. Thus, Petkim is in the position to supply the 220 l/s operational water 
demand of the Project through its water allocation at Güzelhisar Dam. 


It’s predicted that no additional transmission line will be needed between Güzelhisar Dam and Petkim. 


Petkim incinerator licensed by the Ministry of Environment and Urbanisation will be used to dispose 
the hazardous wastes resulting from STAR activities.  


Associated facilities are facilities that are not funded as part of the project and that would not have 
been constructed or expanded if the project did not exist and without which the project would not be 
viable. 
 
STAR project will  not require any new infrastructural facility to be built or extended by third parties for 
the execution of the project. 
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However the pre-construction site preparation contractor will require using damping sites for the 
disposal of the excavated debris during the site preparation.  
 
Below table lists the dumping sites and the volume of the debris that have been disposed and to be 
disposed at these dumping sites during the course of the preconstruction activities.. 
 


Table B.1-10 Excavated Soil Inventory as of March 2013 


Dumping Area Total Volume (m3) Complete (m3) Remaining Volume 
(m3) 


Permit 


Güzelhisar A&B 1,690,070 1,690,070 0 OK 


Güzelhisar D 1,104,731 1,104,731 0 OK 


Industrial Zone 194,021 194,021 0 OK 


Güzelhisar E1 278,823 278,823 0 OK 


Caltilidere 2,093,032 2,093,032 0 OK 


Güzelhisar E2 928,000 928,000 0 OK 


Güzelhisar E 3,708,323 0 3,708,323 OK 


Others 53,000 53,000 0 OK 


Total  10,050,000 6,341,677 3,708,323  


The locations of dumping areas in relation is presented below: 


 


Figure B.1-13 Location of Dumping Areas 
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Necessary permissions have been taken from relevant authorities i.e. Municipality of Aliağa. 
Municipality of Aliağa consults with provincial directorate of  forestry, culture-tourism, and environment 
during the permitting process. 
 
The dumping sites are approximately located at minimum 2.5 km and maximum 9.5 km from the 
project site. 
 
The dumping sites were not in use for specific purposes except Çaltılıdere  which was an empty 
quarry.  
 
Before the pre-construction study, 5,000 trees were cut by İzmir Directorate of Forestry. The forest 
area was cultivated by Petkim on Petkim land. Trees were granted to the İzmir Directorate of Forestry. 
21,000 trees were planted in Haydar Aliyev Forest by SOCAR in the last two years. STAR plans to 
plant more than 5,000 trees in Haydar Aliyev Forest. 


Top soil from excavation areas will be used on Güzelhisar A&B dumping areas and reclamation in 
STAR refinery area. After top soil laydown studies on Güzelhisar A&B areas, trees will be planted on 
these areas.  
 
 
The main impact of use of these dumping areas will be on traffic load at the area and a specific traffic 
management plan has been prepared and implemented by the project in coordination with the 
dumping contractor. The scope of the Traffic Management Plan includes the provision for the safe 
movement of vehicular and pedestrian traffic, the protection of workers from passing traffic, the 
provision for access to properties located within the limits of the STAR  Project, the design, 
construction, maintenance and removal of any necessary temporary roadways and detours, the 
provision of traffic controllers, the 
Installation of temporary signs, road markings, lighting and safety barriers. It also covers maintenance 
of the existing road corridor, including the existing road and road shoulder that may be used for the 
temporary diversion of traffic, over the duration of the STAR Project.  
 


Resource efficiency benchmarking 


The energy efficiency benchmarking values for the project in comparison with IFC guidelines  and 
BERF5 is below: 


Table B.1-11:Energy Efficiency Benchmark – (IFC, Environmental, Health, and Safety 
Guidelines for Petroleum Refining)  


Paramter Unit 
Bench mark value of IFC 
guidelines  Value at STAR 


Land Use (1) hectares 200-500 222 


Total Energy(1) 
MJ per Metric Ton 
ofprocessed crude oil 2,100 – 2,900 2614 


Electric Power(1)(2) 
KWh per Metric Tonof 
processed crude oil 25 - 48  78 


Notes: 


                                                      


5 The BREF (Best Available Techniques reference document) on Mineral Oil and Gas Refineries, 2003 
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1. Based in part on EC BREF for Refineries 


2. Greenfield facilities 


 


Table B.1-12: Efficiency Benchmark- BREF ((Best Available Techniques 
reference document) on Mineral Oil and Gas Refineries, 2003) 
Parameter Unit Benchmark value 


(BREF) 


STAR 


Fresh Make-up water  m3 per Metric Ton of 
processed crude oil  


5th Percentile: 0.18 
95th Percentile: 25.53 
Average: 5.89 


0.68 


Total Energy MJ per Metric Ton of 
processed crude oil  


5th Percentile: 1670 
95th Percentile: 3730 
Average: 2750  


2614  


Electric Power KWh per Metric Ton of 
processed crude oil  


5th Percentile: 23.19 
95th Percentile: 51.81 
Average: 38.19 


78 


 


These values are calculated with the design information available and in line with the current status of 
the design. The values for the paremeters listed will be calculated during EPC- detaied design stage. If 
eceedences in this table will still be present, a plan for the reduction of resource consumption will be 
developed. 
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B.2 Best Available Technology (BAT) 


As part of the Project the following key components are included into the design in order to minimise 
and where possible eliminate the environmental impacts of the Project: (see also Section Error! 
Reference source not found. ) 


Main air emissions from natural gas plants are CO2, NOx, SOx, and VOC. Water and waste are 
typically less important than for mineral oil refineries. 


The main source of SOx is the production of energy; during combustion, the sulphur in the fuel is 
transformed to a mixture of SO2 and SO3. Another source, typically smaller, is the flue gas from the 
sulphur recovery units. There is a direct relation between the sulphur in the feed to a combustion 
process and the sulphur oxides in its flue gas. In that respect, the refinery furnaces will utilize natural 
gas and H2S treated Refinery fuel gas for reduction of SOx emissions. Natural gas normally 
contains only traces of sulphur compounds. In order to control the waste gas emissions, there will be 
waste gas treatment techniques; namely Amine Treatment Unit – Sulfur Recovery Unit – Tail Gas 
Treatment Unit combination, treating the H2S and converting to elemantary sulfur. These techniques 
are industry practice examples for BAT. 6 As another sulphur capturing technology; fluids in H2S 
service shall be treated and converted to elementary sulfur in Amine Treatment Unit – Sulfur Recovery 
Unit – Tail Gas Treatment Unit combination.  


NOx emissions is one of the major emission from furnaces. There will be low NOx burners at the 
fırnaces. Low NOx burners is one of the primary NOx control techniques. 7 Low- NOx burners, 
either air staged or fuel  staged, have the aim of reducing peak temperature, reducing oxygen 
concentration in the primary combustion zone and reducing the residence time at high temperature, 
thereby decreasing thermally formed NOx Staging of fuel addition is also thought to provide a 
reburning effect, further reducing the NOx Ultra-low-NOx burners add internal recirculation of flue 
gases to the features of the low-NOx burner, enabling further NOx reductions. Low-NOx burners 
achieve NOx reduction performances of 40 - 60 % for gaseous fuels and 30 - 50 % for liquid fuels. 


Hybrid burner will be used in the refinery which will ensure 3% oxygen utlilisation and thus complete 
combustion. Complete combustion will reduce the CO emissions.Control of fugitive emissions 
involves minimising leaks and spills through equipment changes, procedure changes, and improved 
monitoring, good housekeeping and maintenance practices. The aim in all refinery processes should 
be to prevent or minimise the release of VOCs. Because of the size, scope and nature of 
hydrocarbon processing on refineries, this presents a major challenge, which requires an overall 
strategy that also devolves down into individual action at a process unit and plant item level. Most 
VOCs are released through fugitive losses from sources including valves, flanges, pump seals and 
equipment vents. 


During routine operation of natural gas terminals and other processes, the aim need to be to prevent 
releases to air of natural gas.8  


The following arrangements in the STAR refinery design  will be examples of considertaions to reduce 
the fugitive emissions including VOC.: 


                                                      


6 The BREF (Best Available Techniques reference document) on Mineral Oil and Gas Refineries, 2003 
7 The BREF (Best Available Techniques reference document) on Mineral Oil and Gas Refineries, 2003 
8 The BREF (Best Available Techniques reference document) on Mineral Oil and Gas Refineries, 2003 
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• Fixed roof tanks shall be coated with light-colored paints that reflect the solar 
radiation 


• Light liquid products such as naphtha, gasoline, etc. shall be stored in internal 
floating roof - external fixed roof tanks 


• All floating roof tanks shall be provided with double seal system 


• Sampling containers and level gauges on tanks shall be capped and be closed  


• Automatic sampling system with closed cycle drain system shall be installed for 
toxic fluids. 


• Vapor return to storage tanks (or other equivalent means) shall be provided for the 
loading and unloading facilities in VOC service. 


• Pressure safety diaphragm valves shall be provided instead of conventional gasket 
valves 


• The discharge lines of the pressure safety containing flammable or combustible 
vapors shall be connected to the flare header. 


 


When transferring liquids to vessels at atmospheric pressure, the existing mixture of vapour and gas 
(often air, but also inerts) in the receiving vessel is often emitted to atmosphere. Such loading 
operation is recognised as having an impact on the environment due to the presence of VOC, a 
precursor of ozone. EU Stage 1 Directive 94/63/EC requires that Member States prescribe the specific 
emission reduction measures is laid down in the annexes of the Directive.9  A VOC Recovery Unit for 
the loading of ships on the refinery jetties is provided in the design of the jetties. The detailed design of 
the VOC recovery unit will be finalised during the EPC phase. 


 


                                                      


9 The BREF (Best Available Techniques reference document) on Mineral Oil and Gas Refineries, 2003 
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B.3 Analysis of Project Alternatives 


No Project Alternative 


If the Project is not developed, both the positive and negative impacts of the Project will be eliminated. 


The positive local, regional and national economic effects of the Project (see Section E2: 
Socioeconomics) will occur over a long period of 49 years (construction and operations), with the 
potential to extend benefits past that time due to plant improvements. Planning has emphasized 
integration of the Project with Petkim’s adjacent petrochemical complex, with mutual benefits for both 
companies through exploiting economies of scale and scope. In addition, the Project has committed to 
involvement in future regional environmental monitoring and consultation to ensure that cumulative 
effects from industry in the Aliağa region are understood and enable the Project to apply necessary 
mitigations during all phases of the Project life cycle.  


STAR believes that successful implementation of environmental and social mitigations and monitoring 
listed in this ESIA will result in a net positive outcome from the Project (See Section B4: The Cost-
Benefit Analysis for more details).  


Evaluation of the Site and Technology Alternatives proposed for the Project 


This section is based on alternatives reviewed initially in Local EIA. The analysis of alternatives 
focuses on technology alternatives, plus site selection. As noted in the site selection section, and 
explained previously in the Project description, a number of utilities and services will be supplied by 
the nearby Petkim facilities. For that reason, no additional analysis of alternatives was conducted. 
Presence of land, power generation, port facilities, water and waste disposal plants make the site 
unique location for Sponsors whose ultimate objective is providing reliable and economic feedstock to 
Petkim. 


Site Selection 


Several conceptual criteria were identified during the site selection studies for the Project. The main 
criteria for site selection are as follows: 


• Proximity to Petkim facilities; 
• Opportunity of connecting to utilities and services through Petkim; 
• Land ownership status; 
• Land use status; 
• Economic feasibility; 
• Environmental characteristics of the site (ambient air quality, etc.); 
• Topographic, geologic and seismic characteristics of the site; 
• Accessibility to transportation facilities.  


The proposed Project site will be located adjacent to the current Petkim site surrounded by Petkim 
facilities to the south and southeast and by Tüpraş facilities along with the border of northeast. The 
following requirements were considered for selection of the Project site.  


• Reliable and economic supply of raw material to Petkim. 
• Availability of required infrastructures including energy, water, and port. 
• Transfer of several by-products s to Petkim. 
• The advantageous location of Aliağa County in terms of its proximity to the major 


consumption regions of Turkey to Western Europe, since some portion of the products is 
anticipated to be exported to MED Market.  
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Technology Selection 


Refinery configuration and unit processes were selected based on the criteria specified below: 


• Maximum naphtha and petrochemical feedstock production; 
• Maximum middle distillates (jet fuel/diesel) production; and 
• No gasoline production; 
• No fuel oil production. 


The primary design requirement of STAR is achieving the maximum middle distillates production after 
processing vacuum gas oil in the Hydrocracker unit (HCU).  


A Continuous Catalytic Reformer (CCR) was included in the analysis so as to maximize the 
petrochemical feedstock production. 


Fluidized Bed Catalytic Cracking (FCC) unit option was excluded from the analysis of alternatives due 
to the minimum gasoline requirement. 


The following alternative technologies were evaluated for upgrading of the bottom residue to more 
valuable white products: 


• Visbreaking; 
• Solvent Deasphalting; 
• Delayed Cooking; and 
• Residue Hydrocracking. 


Each alternative configuration with abovementioned technologies was evaluated with a linear 
programming model and assessed by using different types of crude oil and product price projections. 
The crude oil types were preselected as Azeri Light, Ural, Mid Gravity and Kirkuk. 


Payback periods of each technology for different types of crude oil are presented in Table B.3-1: . 


Table B.3-1: Payback Periods of Each Technology (Years) 


Technology Azeri Light Ural Mid 
Gravity 


Kirkuk 


Visbreaking 5.6 5.9 5.4 5.1 


Solvent Deasphalthing 5.9 6.7 5.6 5.2 


Delayed Coking 4.6 4.5 4.1 4.2 


Residue Hydrocraking 5.6 5.8 5.3 5.2 


 


The primary parameter which affects the profit margin for upgrading the bottom residue is the 
production amount of low-priced fuel oil or high-sulfur containing coke and pitch. Delayed Coking 
technology produces the least fuel-oil amount. 


While the amount of fuel-oil produced in Residue Hydrocracker technology is smaller, the majority of 
low-sulfur fuel-oil is used as fuel for steam generation at the refinery. Delayed coking option generates 
the highest margin in parallel with minimum fuel-oil and coke production.  
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Delayed coking alternative is followed by Residue Hydrocracking option with smaller amount of low 
quality product output. As expected, the residue hydrocracking alternative requires the highest 
investment cost while visbreaking option requires the lowest investment cost.  


Delayed coking alternative offers the shortest payback period for each type of crude oil. With that 
information, the alternatives producing high level of distillate output offer reasonable margins and 
investment costs. Delayed coker stands alone economically as the most feasible alternative. The 
detailed information concerning these alternatives is given in Appendix 1. 


Conclusion 


In conclusion, the Hydrocracking and Delayed Coking technologies along with a high severity 
Continuous Catalytic Reformer have been selected amongst the other alternatives because such 
configuration offers the shortest payback period and the petrochemical feedstock/middle distillates 
maximization supports the strategy of fuel oil and gasoline minimization.  


The most important indicator in measuring the sufficiency and productivity of refineries is the Nelson 
Complexity Index and the Nelson Complexity Index value of the projected refinery has been is 
determined as 7,4. In terms of cash operating costs, the configuration falls within the first quartile of 
Solomon’s Index, which provides benchmark for the global refinery industry. 


For STAR Marine Terminal, loading and unloading (wet and dry cargo) Jetty/Dolphine configuration 
has been selected over other loading/unloading structure, i.e. SPM and similar, since the 
characteristics of cargo and the existing structure of Petkim Port is appropriate for Jetty/Dolphine 
configuration. 
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B.4 Cost & Benefit Analysis 


The objective of the cost & benefit analysis is to ensure implementation of the Project by using 
environmental resources in an efficient way. In general, environmental cost-benefit analysis considers 
socio-economic and biophysical aspects of the Project description and the results of the discipline-
specific impact assessments.  


STAR aims to produce petrochemical feedstock and Euro-V grade products through its high 
conversion configuration with the help of sulfur removal and aromatic value improvement processes. 
STAR’s state-of-the-art processing technologies are compliant with the most recent EU environmental 
standards and prospective emission limits. The emissions generated from STAR will be monitored 
continually to ensure that emission targets are being met.  


The cost & benefit analysis was prepared considering the facts that: STAR will be built in an industrial 
region intensively occupied by heavy industries. During the operations, STAR will procure various 
utilities and services from the existing Petkim facilities (see Section B1: Project Description). It will also 
run its processing facilities stand-alone. Along with the utilization of existing infrastructure, the 
feedstock requirements of the adjacent petrochemical complex will be met in an economical and 
reliable fashion.  


All of these aspects indicate that the Project will have a positive impact on the development of Turkish 
economy, especially the oil and gas industry, and create significant direct and indirect employment 
opportunities for steadily growing population.  


This premise is explored more below in this section of the ESIA. The drivers of the cost-benefit 
analysis are presented in the following sections after which a summary section is presented that 
considers overall predicted positive (benefit)  and negative (cost) Project effects as found by this ESIA. 


Energy Demand of Turkey 


The energy consumption of a country is considered as the major criterion for economic development. 
As an obvious result of rising growth rates recently experienced in Turkey, the energy requirements 
increase drastically day by day. For a sustainable economic development, Turkey should make the 
most economic and efficient use of its energy resources and consider new alternatives.  


STAR plans to establish the refinery adjacent to the Petkim petrochemical facilities to meet the fuel 
products deficit of domestic market and to ensure feedstock supply for Petkim, which is the only 
integrated petrochemical complex of the country. Besides the fact that STAR will provide raw materials 
in an economic and reliable fashion to Petkim, following valid reasons for selecting the site location 
adjacent to the Petkim also exist: 


• The readily available utilities such as water supply, port facilities for which the expansion 
designs are being prepared, and power generation unit to be expanded for STAR’s demand will 
significantly decrease the upfront investment costs.  


• 100% of the Naphtha produced by STAR will be transferred to Petkim along with significant 
percent of the LPG and Mixed Xylenes to be used in the petrochemical industry for high value-
added products. 


• The synergy of STAR and Petkim can possibly lead to the establishment of new facilities and 
partnerships focused on petrochemicals and chemicals production in close proximity. 


• The competitive advantages of Aliağa in logistics, international dispatching and domestic fuel 
sales.  


Therefore, the investment is based on the following objectives: 


• To provide reliable feedstock for the Petkim; 
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• To meet the fuel products supply deficit in Turkey; 
• To support the country’s growth in terms of production, employment and logistics etc., and; 
• To lower the foreign trade deficit of the country through internalizing the refining operations and 


to provide significant incomes to the national economy by exporting the surplus production and  


For the purposes mentioned above, UOP (United Kingdom) and Technip (Italy) consortium was hired 
to carry out a concept and feasibility study (CFS). The total investment cost including the working 
capital and pre-operating expenses of the Project is estimated to be USD 4,023 million with +-40% of 
accuracy. The relevant summary information on economic analysis according to the CFS is presented 
below. 


Table B.4-1: Results of Economic Analysis (CFS) 


Parameters Unit Brent: 73 US$/barrel 
Gross Profit Margin 2018 US$/barrel 11.68 


Net Profit Margin 2018 US$/barrel 10.25 


EBITDA 2018 US$/barrel 9.65 


Payback Period (100% Equity) Years/months 6/1 


Payback Period (30% Equity) 6/6 


IRR(100% Equity) % 12.9% 


IRR(30% Equity) 16.8% 


NPV(100% Equity) Million US$ 844.2 


NPV(30% Equity) 1,102.2 


In addition to the employment of 3000-4000 people on average during construction, the Project is 
expected to provide long term employment opportunities during operations for 650 people.  


Market Analysis 


World Refining Industry and Market 


Throughout the 20th century, the global energy consumption has shown an increasing trend in parallel 
to the economic development. In 2008, total primary energy consumption has increased by 1.7% and 
reached 11.3 Billion TPE (ton petroleum equivalent). Oil, natural gas, nuclear power, hydroelectric 
power and coal are considered to be the primary sources of energy among which oil had a share of 
46% from 1971-80, 40% from 1981-90, 39% from 1991-00, and 35% after 2000. In spite of that 
diminishing trend in relative share of oil as an energy source, nominal consumption and production 
figures illustrate a steady increase over the years.  
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Figure B.4-1 World Oil Consumption vs. Production - Million Barrels/Day (BP) 


The world oil demand has also grown with a rate fluctuating parallel to the global economic growth 
parameters. After a monotonic increase in the last 10 years, a slight reduction was experienced in 
2008 due to financial crises and economic recession. Nevertheless, 2008 consumption was higher 
than that of year 2006.  


Average yearly growth rate from 2009 to 2014 is projected to be 1.4% or 1.2 million barrels per day 
and the global oil demand is expected to 89 million barrels per day in 2014. The majority of demand 
growth comes from the emerging countries, which will consume more than 50% of the oil products in 
2014. Stronger GDP growth rates, higher income elasticity and sticky administered prices boost the 
demand growth in Non-OECD countries. On the other hand, OECD economies will experience 
stagnation in oil demand due to increasing inter-fuel substitution and greater efficiency. Still, 
transportation accounts for the 80% of the total growth. 


 


Figure B.4-2 World Oil Demand - Million Barrels/Day (BP) 


The world refining capacity has increased annually by 0.96% on average since 1990 and reached 90.6 
Million barrels per day in 2009. In the same period, the world oil demand has increased annually by 
1.35% on average higher than that of the refining capacity increments. Hence, this imbalance has 
resulted in considerable increase in refining capacity utilization rates.   
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Figure B.4-3 World Refining Capacity - Million Barrels/Day (BP) 


In 1990, the world refining capacity had an excess of 8 million barrels/day compared to the global oil 
demand, whereas the surplus capacity descended to the minimum level of the last 25 years and was 2 
million barrels/day in 2007. It climbed up to 6 million barrels/day in 2009 due the decline in global 
demand. 


Geographically, Americas utilize the most capacity, followed by European and Asian countries. The 
refining capacity in the Europe & Eurasia region has declined in the last two decades. In spite of the 
higher capacity utilization rates and growing demand forecasts, most of the projects under 
consideration are revamps and capacity expansion of the existing facilities. Most of the export refinery 
projects in the Middle East and Asia have been postponed in 2008 due to economic downturn and 
shortfall in product demand. Project deferrals are expected to persist in upcoming years.  


 


Figure B.4-4 Refining Capacity vs. Consumption - Million Barrels/Day (BP) 


The rising trend in crude oil prices after 2000 and the deficiencies in refining capacity boosted the 
refinery margins in recent years. Margins vary among refineries according to the type of crude oil 
processed and refinery configurations. For instance, refineries capable to process heavier crude oils 
yield higher margins depending on their conversion rates. The benchmark refining margin used in 
Europe, namely “NWE Brent Cracking”, corresponds to refineries having Cracking units and 
processing Urals crude oil, is higher than the rest of the industry. Urals Cracking-NWE refinery 
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margins hit the peak of last 10 years in 2004 with a margin of 10 USD/barrel. The refineries comprising 
Hydroskimming technologies and having lower conversion factors yield much lower margins.  


Crude oil prices have also been volatile in the last 40 years. The first oil crisis (aka 1973 oil crisis) 
started during the Yom Kippur war in Middle East, and the crude oil prices jumped to 11-12 
USD/barrel in 1974 from 2.5-3 USD/barrel levels in 1972.  


The 1979 (or second) oil crisis, occurred during the Iranian Revolution, boosted the crude oil prices to 
the level of 30-35 USD/barrel between 1979 and 1981, which corresponds to 80-85 USD/barrel in 
2010 dollars. 


In 1986, the average price level dropped to 10 USD/barrel and a reverse shock was experienced in 
the markets. Crude oil prices started to rise in 1991 during the Gulf War, and oscillated between 14 
and 24 USD/barrel from 1992 to 1999.  


 


Figure B.4-5 Crude Oil Prices (USD/Barrel) 1970-2009 (BP) 


The economic revival in United States along with growth performance of China and other developing 
countries increased the oil demand after year 2000. In addition, natural disasters in United States, a 
reduction in world excess production capacity and increasing supply risk due to continuing violence in 
Middle East carried prices up to  record breaking levels with an average of 75 USD/barrel in 2007. 


Crude oil prices hit a value of 147 USD/barrel in 2008 with an average of 97 USD/barrel corresponding 
to an increment of 30% compared to the previous year. That average level was the all-time high for 
real prices.  Due to increasing impacts of global financial crisis in the last quarter of 2008, the crude oil 
prices varied around 60 USD/barrel in 2009. 


Mediterranean Refining Industry and Market 


In 2008, Wood MacKenzie (WMK), a leading industry consultant, provided an in-depth review of the 
market demand in the Mediterranean region, the European Common Market, the North American 
Market, and the Asian Market for the products of an oil refinery for STAR. This analysis includes the 
likely future prices for the crude oils to be used in STAR, the demand and pricing on a net-back to 
STAR for refined products, the major sources of competition for STAR in the region and in other 
locations than can affect markets of interest to STAR. 


Trade balances have been analyzed for all countries in the Black Sea and Mediterranean regions and 
selected clients determined for certain fuel products. In addition, world demand for both crude and 
refined products is projected through 2020 and this forecast will be upgraded to include the period of 
2020-2025 in order to assess the economic viability of STAR.  
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Figure B.4-6 Product Consumptions in Europe - 000 Barrels/Day (BP) 


According to WMK, the current consumption of crude oil stands at more than 81 million barrels per day 
and is expected to exceed 90 million barrels per day by 2020. Turkey as a consumer represents only 
400,000 barrels per day and will not exceed 600,000 barrels per day in 2020 – only 0.7 percent of 
world demand. As Turkey has virtually no domestic sources of crude, the figure represents almost total 
imports of crude oil for the country, much of it being sourced by pipelines from Russia and other 
Caspian fields along with supplements from the Middle East and North Africa. 


Based on a future demand of some 400 million tons per annum, there will be a shortfall of some 50 
million tons, most of which is Jet Fuel and Diesel. STAR processing capacity represents only 20% of 
this potential shortfall. 


The quality of refineries in the region is poor compared to the world average levels. Therefore, fuel 
production meeting the specifications of Euro IV and Euro V is low. With the changing fuel standards 
and the increase in the demand for cleaner and high quality fuels, the significance of fuel production 
meeting the specified aspects will increase more in the future. 


Turkish Refining Industry and Market 


Turkey has a unique location linking the energy sources of the East to the markets of the West. Due to 
the presence of this strategic energy corridor, Turkey hosts major crude oil export pipelines such as 
Baku-Tbilisi-Ceyhan and Kirkuk-Ceyhan as well as domestic pipelines such as Batman-Dörtyol and 
Ceyhan-Kırıkkale. The development of Samsun-Ceyhan crude oil pipeline project, which is planned to 
transport Russian and Caspian crude sources to Mediterranean markets, is in progress.  


 


Figure B.4-7 Oil Refineries and Pipelines in Turkey (TUPRAS) 
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Türkiye Petrol Rafinerileri A.S. (TUPRAS) is the sole producer of refined petroleum products in Turkey. 
TUPRAS owns four oil refineries in four distinct locations, namely İzmit, İzmir, Kırıkkale and Batman. 
Total processing capacity of TUPRAS refineries is 28.1 Million tons per year. The individual capacities 
and associated Nelson Complexity Index values of TUPRAS refineries are shown in above graph. 


Turkish General Directorate of Petroleum Affairs (TGDPA) publishes annual reports showing the 
realized figures in Turkish Oil Market. Table below lists various market outcomes from the most recent 
report published in 2008. 


Table B.4-2: Turkish Oil Market Figures (TGDPA) 


(Million Tons) 2001 2002 2003 2004 2005 2006 2007 


Domestic Crude Oil Production 2.6 2.4 2.4 2.3 2.3 2.2 2.1 


Crude Oil Import 23.2 23.7 24.1 23.8 24.4 23.8 23.4 


Crude Oil Processed in Refineries 25.9 26.1 26.5 26.0 25.5 26.2 25.6 


Refinery Products Volume 25.3 25.3 25.8 25.4 25.0 25.5 25.0 


Oil Products Consumption 28.6 29.3 29.5 30.6 30.0 29.9 30.9 


Oil Products Import 5.8 7.5 8.2 9.7 10.4 11.8 13.0 


Oil Products Export 2.6 3.0 3.6 3.6 4.9 6.2 6.6 


Oil Expenditures (Billion USD) 4.9 5.1 6.0 8.6 11.1 13.4 15.5 


 
 
According to TGDPA, Turkey imports more than 25 Million tons of crude oil and more than 10 Million 
tons of oil products with an oil bill exceeding 15 Billion USD.  


Tüpraş refineries process more than 25 Million tons of crude oils with a capacity utilization rate of over 
90% from 2002-2007. However, the capacity utilization rates of TUPRAS refineries have declined after 
2008 and realized approximately 60% in 2009. 


Table B.4-3: Capacity Utilization of Turkish Oil Refineries (TUPRAS) 


(Million Tons) 2004 2005 2006 2007 2008 2009 


Processing Capacity  28.1 28.1 28.1 28.1 28.1 28.1 


Crude Oil Processed 25.9 25.4 26.1 25.6 23.2 16.7 


Production Volume 25.3 24.9 25.4 24.9 22.7 16.3 


Capacity Utilization Rate (%) 92.5 90,7 93.2 91.1 82.5 59.4 


 
According to TGDPA, Diesel is the leading product in the market, followed by Fuel Oil and Gasoline. 
There is considerable amount of Gasoline oversupply due to increasing Diesel and LPG demand in 
the recent years. The Diesel and Naphtha balances of Turkey are projected to show the most deficits 
in year 2015.  


Table B.4-4: Product Import/Export Balance in 2007 (TGDPA) 


Product (000 tons) Production Consumption Export Import 


Gasoline 3,860 1,896 2,047 569 


Diesel 7,015 13,354 562 7,463 


Fuel Oil 5,476 3,169 2,730 510 


Total 16,342 18,419 5,339 8,542 
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Table B.4-5: Naphtha Balance Projection (PETKIM) 


 Product (000 tons) 
2008 


Production 
2008 


Consumption 
2015 


Production 
2015 


Consumption 
2015 Balance 


Naphtha* 1,388 6,500* 419 15,000* (14,581*) 


* Required amount to satisfy total domestic Petrochemicals demand.  


 


 


Figure B.4-8 Fuel Products Sales in Turkey – Million Tons (PETDER) 


The recent regulatory changes and renewals in the vehicle park gave birth to a shift in the distribution 
of Diesel demand from Gasoil to Ultra Low Sulphur Diesel (ULSD) starting from 2004. 


 


Figure B.4-9 Development of Diesel Demand in Turkey – Million Tons (PETDER) 


A market survey prepared by Wood Mackenzie (WMK) illustrates the incremental product demand 
forecasts in the Turkish market. According to WMK, LPG and Diesel demand will show an increasing 
trend over the next 15 years. Gasoline, Naphtha and Jet Fuel demands will also increase in the same 
period. Should no refineries be built in Turkey, the product balances are expected to show a significant 
amount of deficiency by the year 2015. All fuel products are also expected to show deficits if refining 
capacities are not increased. 
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Project Investment Period and Completion Date 


As described above in Section B-1: Project Description, the construction period of the Project is 
estimated to be 3-4 years and service life to be 49 years. Service life of the plant may be extended by 
maintenance and renovations. The Project commences with the planning prevision studies and 
determination of the raw material supply possibilities. 


Socio-Economic Benefits of the Project 


The parent company STEAS’ ultimate majority ownership in Petkim provides a captive market for 
several products of the refinery including Naphtha, LPG, and aromatic feedstock. The market demand 
for Diesel and Jet Fuel with tighter product specifications for contaminants is growing in all countries 
bordering the Mediterranean coast lines.  


The population growth and the increasing demand for transportation fuels in Turkey already provide 
an attractive home market for such products. Therefore, the indicative demand can be determined by 
GDP, population density, automobile and truck population increases, and demand for petrochemicals 
for the plastics and fiber industries which are served by Petkim as the unique domestic producer 
currently holding 25% of the market.  


Due to the global trend of “dieselization”, the demand for middle distillates has grown faster than any 
other product categories in the last decade and is expected to continue growing in the near future. The 
refinery configuration selected to maximize middle distillates production will lead to considerable 
competitive advantages in the market. 


Refineries and petrochemical plants have long enjoyed a synergistic relationship with refineries 
supplying feedstock to petrochemical plants and petrochemical plants supplying blend stocks to 
refineries. The primary integration driver is competitiveness.  


Integration of STAR with Petkim will make a very profitable use of Naphtha and the other streams and 
also take advantage of many other optimization opportunities including cooperation in utilities and 
shared services, port and infrastructures.  


The port facility of Petkim is an example of support operations that will be adapted to the receipt of 
crude oil feedstock and the transit of export products to the Mediterranean markets. Hazardous Solid 
Waste Disposal (incinerator) facility of Petkim and/or third party will serve for the refinery effluents.  


STAR will potentially have various integration opportunities with fuel storage and distribution terminals, 
a prospective coal fired power plant, neighbouring TUPRAS Aliağa refinery, cement facilities, chemical 
plants etc. 


Thanks to presence of storage facilities of major fuel distribution companies in close proximity, fuel 
products output from STAR targeting the domestic market can be transferred to those facilities via 
pipeline in an economic and reliable fashion. The remaining products such as petroleum coke and 
sulphur can securely be marketed to cement facilities and agricultural usage, respectively. Also, sea 
cargo can be transported to all points of the Turkish coast line and through the Bosphorus into the 
Black Sea which serves Eastern Europe and countries from the former Soviet Union. Through the 
Suez Canal, markets in India and Asia can be serviced if market demand and income potential make 
such activities profitable to STAR. Through the Mediterranean, ports in the Americas are available as 
well although such distances for bulk products generally make trade with those continents 
economically distressed. Turkey as a nation bridging West and East with excellent transport 
capabilities is an ideal location for such a project.  


The project will attract considerable number of international contractors and suppliers throughout the 
construction activities and create new business opportunities for local enterprises. In order to start-up 
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and operate the plants, various well-educated technical people migration to Aliağa is expected. Such a 
movement will diversify the social life and enhance the standards of the county. 


SOCAR, the majority shareholder of STAR, intends to build a Vocational School focusing on the 
Petroleum Industry so as to provide sufficient technical workforce for the region.  


Employment 


There will be an employment opportunity for 3000 to 4000 people and this number may reach a peak 
level of 7,000 people during construction including employers in construction of jetties. In addition, this 
Project will provide a permanent employment opportunity for 700 people possibly and will assist the 
economic growth of the region and bring along the activation of the other sub industrial branches. 


Table B.4-6: Estimated Personnel Requirement of the Project 


Unit Estimated Personnel Requirement 


Process Units 245 


Auxiliary Units 98 


Utilities 15 


Off-site Units 70 


Areas, Buildings and Supporting Units 222 


Total Refinery Personnel 650 


Marine Terminal  50 


TOTAL 700 


 


The current Petkim organization consists of more than 2,400 operations personnel in various skill and 
grade levels. The staffing of the refinery in the new location within the Petkim site will no doubt attract 
experienced personnel from the petrochemical operation on the site and STAR believes a movement 
between the organizations would be beneficial to both entities. 


STAR intends to insure that several professionals of high talent capacity will be employed in the 
refinery when the facilities are completed and ready for operations. Further, Petkim already has in 
place a training program for new hires which is geared to education in process unit operations – it is 
natural to extend such a program to include refining operations as well as petrochemicals operations. 


Economic Analysis of the Project 


The results of the economic analysis are presented in the Table B.3-7. 


Table B.4-7: The Results of Economic Analysis 


 
Internal Rate of Return 


(IRR, %) 
Net Present Value 


(NPV, MM USD @ 10%) 
Pay-Out Time 


(POT, years/months) 


Base Case 
(100% Equity) 


12.9 844.2 6/1 


Financed Case 
(Debt/Equity 70/30) 16.8 1,102.2 6/6 


 


Because of a marketing strategy based on captive demand for feedstock by Petkim and the 
distribution channels of SOCAR for fuel products, STAR will yield a strong and constant stream of 
cash flow.  
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Table B.4-8: Simplified Cash Flow (CFS Base Case) 


Million USD 2015 2016 2017 2018 2019 2020 2021 2022 


Sales Revenue 2682 5483 5736 5879 6012 6148 6303 6486 


Total Raw Materials 2240 4600 4835 5004 5116 5228 5376 5560 


Gross Margin 442 883 902 875 896 920 927 926 


Total Utilities & Auxiliary Mat.  49 100 105 108 111 114 117 121 


Net Margin 393 783 797 767 785 807 809 805 


Fixed Operating Costs 42 43 44 44 45 46 46 47 


EBITDA 351 740 753 723 740 761 763 758 


 


Investment costs 


The summary of Project investment costs are presented in the Table B.4-9: . 


Table B.4-9: The summary of Project investment Costs 


Description Million USD 


Catalysts & Chemicals (initial load) 36.6 


Services 531.3 


Civil Works 354.2 


Cost for Main Equipment 1,602.4 


Cost for Service Facilities  
(Utilities & Off-sites) 509.7 


Import & Tariff Cost 29.6 


Installation 708.4 


Fixed Capital Investment 3,772.2 


Working Capital 100.1 


Pre-Operating Expenses 150.9 


Total Investment Cost 4,023.2 


 


Basis and Assumptions 


For the economic and financial analysis during CFS, a project economic life of 20 years including 60 
months of implementation period, i.e. Basic Engineering Design and FEED activities and Engineering, 
Procurement and Construction (EPC) phase and 15 years of industrial operation has been assumed. 
The year 2010 has been considered as the first year for completing Feasibility Study and starting 
Basic Engineering Design and FEED activities.  


All products are supposed to satisfy Turkish oil products demand and to be sold either on the domestic 
market / Petkim or, if needed, on the export market, according to the Supply/Demand Balance. 


Price and cost projections over the period 2015 – 2027 according to Wood Mackenzie forecasts and in 
house data gathered from various market analysts; for missing data forecasts over the last 2 years of 
the economic life of the project, products prices and crude costs have been assumed equivalent to 
those in 2027. Local inflation rate (@ 2% p.a.) and international inflation rate (@ 2.5% p.a.) have been 
used to update some operating costs. 
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Table B.4-10: Basis and Assumptions (CFS) 


Item Assumption 


Stream Factor 350 days/year 


Operating Factor  50% in the first year of operation, 97.5% onwards (i.e. on 
341.25 days/year basis) 


Fixed Operating Costs 


Land cost 3.0 MMUSD/y (to be borne from the year 2011) 


Personnel 650 employees for an annual cost of 21.67 MM US$ 


Maintenance 0.5% of (Equipment Cost + Civil Works) 


30% of such cost has been considered as variable cost 


Insurance 0.25% of Equipment Cost. Local inflation has been applied 


Overheads 1.5% of (Personnel + Maintenance Costs) 


25% of such cost has been considered as variable cost 


Fees 


Waste Water Treatment Fee 0.8 USD/m3 applied on waste water flow rate sent to Petkim 
(2009 figure). Local inflation has been applied 


Jetty Handling Fee 1.0 USD/t applied on all crudes and products sold to the 
export market. 2009 figure. Local inflation has been applied 


Catalysts & Chemicals have been evaluated by Technip on the basis of preliminary information 
given by the pre-selected Licensors and updated with international inflation rate (at 2.5%) 


Depreciation 


Depreciation Methodology Straight Line 


Residual Value 5 years of EBITDA 


Discount Rate 10% 


Taxation 


Dues 0.2% on Gross Profit 


Corporate Tax Calculated by taking the investment incentive into account. 
After completion of incentive period, 20% of (Gross Profit-
Dues) 


 


Financial Analysis Basis 


In order to analyse realistic financing scenarios, different credit conditions are specified for Export 
Credit and Commercial Loan packages based on STAR’ in-house data and prior experiences. 


Table B.4-11: Credit Conditions (CFS) 


 Export Credit Commercial Loan 


Amount 85% of total loan 15% of total loan 


Interest Rate 6% p.a., to be paid cash 6% p.a., to be paid cash 


Grace Period 


42 months assuming the first 
drawdown in January 2012, i.e. 8 
months after the completion of 
FEED activities 


42 months assuming the first 
drawdown in January 2012, i.e. 8 
months after the completion of 
FEED activities 


Repayment Terms 10 years in semi-annual 7-10 years in semi-annual 
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 Export Credit Commercial Loan 


consecutive equal instalments, 
the first one falling due 6 months 
after the start of industrial 
operation 


consecutive equal instalments, the 
first one falling due 6 months after 
the start of industrial operation 


Credit Insurance 


5% of the Export Credit amount, 
to be paid in advance with first 
drawing. It will be 100% financed 
as loan principal 


0% 


Interest During 
Construction 


Calculated at the same interest 
rate (i.e. 6.00% p.a.) and paid 
cash 


Calculated at the same interest rate 
(i.e. 6.00% p.a.) and paid cash 


Management Fee 
0.30% of the total Export Credit, 
to be paid 100% at the execution 
of the credit contract 


0.30 % of the total Commercial 
Loan, to be paid 100% at the 
execution of the credit contract 


Commitment Fee 
0.25% of the remaining unused 
credit during construction, to be 
paid cash every 6 months 


0.25% of the remaining unused 
credit during construction, to be 
paid cash every 6 months 


 


Financial Analysis 


The financial analysis carried out with respect to the abovementioned basis and assumptions yielded 
the following results. 


Table B.4-12: Results of the Financial Analysis (CFS) 


Case IRR (%) 
Net Present Value (MM 


USD) 
Payout Time 


(years/months) 


Financed Base Case (70% Debt) 16.8 1,102.2 6/6 


Debt/Equity 80/20% 18.4 1,151.8 6/8 


Interest Rate for Commercial 
Loan @ 8% 16.5 1,068.7 6/8 


Repayment period of 14 years 
for Export Credit 17.9 1,190.4 5/5 


ECA Insurance @ 7% 16.5 1,067.4 6/8 


 


The Debt Service Coverage Ratio (DSCR) is always greater than 1 for the project life. The Return on 
Equity (ROE) is 5.02% in 2018 and from 2020 onwards it is greater than 22%. The following sensitivity 
analysis results show the robustness of profitability parameters. 


Table B.4-13: financed Case Sensitivity Analysis Results 


Financed Case (70% Debt) 


Raw Material Costs & Product 
Prices 


Fixed Capital 
Investment 


-20% +20% -40% +40% 


IRR (%) 16.8 11.2 21.6 28.9 10.1 


NPV (MM USD) 1,102.2 186.9 2,001.3 2,129.8 24.8 
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Financed Case (70% Debt) 


Raw Material Costs & Product 
Prices 


Fixed Capital 
Investment 


-20% +20% -40% +40% 


Payout Time 
(years/months) 


6/6 11/0 4/5 2/9 11/9 


 


Table B.4-14: Net Profit and Ratios (CFS Base Case) 


Million USD 2015 2016 2017 2018 2019 2020 2021 2022 


Net Profit (92) 296 310 280 297 461 463 457 


Cumulative Net Profit (92) 204 514 794 1091 1552 2015 2472 


Gross Profit/Net Revenues 
(%) -3.44 5.41 5.41 4.77 4.95 7.51 7.36 7.07 


Net Profit/Net Revenues (%) -3.44 5.40 5.40 4.76 4.94 7.50 7.35 7.05 


Return On Equity (%)       <0 7.53 7.87 7.11 7.54 11.71 11.76 11.63 
 


Overall Environmental and Social Costs and Benefits 


The ESIA considers environmental and social importance in the selection of physical, biological and 
socio-economic components, study areas, and in the classification of predicted residual effects. This 
consideration is reflected in the assignment of an environmental consequence to the Project’s residual 
effect on each studied component. 


Benefits are the result of an increase in environmental or social wellbeing (a positive effect) and costs 
are the result of reductions in environmental or social wellbeing (a negative effect). To better 
summarize the potential costs and benefits of the Project, the environmental consequence of the 
effect to each component (i.e., negligible, low, moderate or high as described in Section A4: ESIA 
Approach) was reviewed and assigned a corresponding cost or benefit value. The ‘direction’ of the 
effect and its environmental consequence combine to subjectively represent the cost or benefit of the 
effect, as listed in Table B.4-15:  below. 


Table B.4-15: Determination and Level of Cost or Benefit 


Direction of effect Environmental consequence Cost or benefit  


Positive Negligible 0 
Positive Low + 
Positive Moderate ++ 
Positive High +++ 
Negative Negligible 0 
Negative Low - 
Negative Moderate -- 
Negative High --- 


 


It is necessary to mention that there are important differences between the assessments of physical 
and biological effects, and socio-economic effects. First, unlike physical and biological effects, many 
socio-economic effects exhibit irreversibility; they take part in an ongoing process of interdependent 
economic and social change extending into the future and generally cannot be reversed to return to 
one or all of pre-project development conditions. Second, although the environmental consequence of 
physical and biological impacts can be quantitatively rated as negligible, low, moderate or high on the 
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basis of thresholds and decision trees, the consequence of socio-economic impacts must often be 
determined intuitively. 


 


Results 


Table B.4-16: Cost-Benefit Qualitative Summary of the Project 


Component or Activity of the Project  Local Study 
Area 


Regional 
Area 


Physical Components 


Geology and Topography na na 


Natural Hazards - - 


Soils - na 


Hydrogeology and Groundwater na na 


Hydrology and Surface Water Quality 0 0 


Sea Water Quality  - - 


Marine Sea Floor - - 


Coastal Geomorphology - - 


Climate and Meteorology  na na 


Air Quality -- 0 


Noise - 0 


Traffic - 0 


Biological Components 


Flora - 0 


Fauna - 0 


Aquatic Ecology - 0 


Marine Flora Fauna -- 0 


Marine Habitat - 0 


Biodiversity and Protected areas 0 0 


Socio-Economic Components 


In-migration 


      Construction 


      Operation 


 


0 


0 


 


-- 


- 


Employment and Income Earning Opportunities 0 ++ 


Resettlement and Land Acquisition  na na 


Direct Employment (including contractors) na ++ 


Indirect Employment (workers and 
businesses/contractors) na ++ 


Human and Ecological Risk   


Archeological Remains 0 0 


Visual Aesthetics - 0 
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VOLUME C: PHYSICAL COMPONENTS 
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C.1 Introduction  


As a precursor to considering the potential impacts of the Project, a clear understanding of the 
physical components likely to be affected is necessary. Information pertaining to physical baseline 
conditions within the Project site was obtained through field assessments/surveys, satellite images, 
internet databases, scientific journals and books reviewed both during the Local EIA and this ESIA 
studies. Along with the physical baseline results of the selected Study Areas, the potential impacts and 
the related mitigations are presented in the following sections: 
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C.2 Geology and Topography 


C.2.1 Introduction 


This section presents the baseline investigation methods and results for geology and topography of 
the Project Site and Local Study Area. No impact assessment is conducted in this section, rather 
results are used in assessments elsewhere in the ESIA, including for natural hazards.  


C.2.2 Study Area 


The Local Study Area (LSA) for geology and topography comprises the Project Site. Relevant geology 
and topography data were obtained also for a wider area to put the LSA information in perspective.  


C.2.3 Baseline Summary 


Methods 


During the Local EIA processes, the following methods and sources were primarily utilized for 
obtaining geology and topography data about the LSA and surroundings: 


• Field surveys; 


• Literature research; 


• Geological-Geotechnical Survey Report prepared by Geoteknik Etüd Müsavirlik ve 
Mühendislik A.S. for the Refinery Project;  


• Hydrogeological Survey Report prepared for Pamukkale Universitesi-Department of 
Geological Engineering for the Jetty Project; 


• Geological-Geotechnical Survey Report prepared by Macrocad Mühendislik İnş. Taah. Bilg. 
San. ve Tic. Ltd. Şti for the Refinery Project; 


• Geotechnical Survey Report prepared by Ege Temel Sondajcılık Sanayi ve Ticaret Ltd. Şti. for 
the Marine Terminal; 


• Seismic Hazard and Design Earthquake Characteristics Report for the Project prepared by 
Boğaziçi University, Kandilli Observatory and Earthquake Research Institute, Department of 
Earthquake Engineering; and  


• Mineral Research and Exploration Institute’s maps and figures concerning the LSA. 


The findings in the Local EIA were utilized and provided in this ESIA study. The entire Geological-
Geotechnical Survey Report and Seismic Hazard and Design Earthquake Characteristics Report for 
the Project are provided in Appendix 5. 


In addition to these studies, another detailed geological-geotechnical investigation has been carried 
out by the company Ege Temel in parallel with this ESIA and another detailed seismic hazard study 
was being carried out by Kandilli Institute as of the completion date of the draft version of this ESIA 
report. 
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Baseline Results 


Site Topography  


The elevation of the Refinery Project site varies between 50 m and 80 m above sea level and the 
average level of the site is 50 m. Altitude of the Project Site rises from the sea to the south and from 
the adjacent Petkim facility area to the east-southeast.  


A representative 3-dimensional view (Elevation Exaggeration=3) of the Project Site topography is 
presented in Figure C.2.3-1  . 


 


Figure C.2.3-1  Representative 3-dimensional View of the Project Site’s Topography (Elevation 
Exaggeration=3) 


Rock-stratigraphy units in and around Aliağa can be sequenced as Dikili group or Zeytindağ group 
from bottom up. The Dikili group is composed of sedimentary and igneous rocks constituted at Early-
Mid Miocene period while the Zeytindağ group is composed of sedimentary and igneous rocks 
constituted at Young Miocene-Pliocene epoch. These two main rock groups diverge from each other 
throughout West Anatolia. Igneous rocks of Dikili group are formed by lavas of andesite, latite, dacite, 
rhyolite types and pyroclastic equivalents of these lavas. These are interlaced with sedimentary rocks. 
Sedimentary rocks are represented by those sediments that are cool, low-energy and stored within 
lacustrine environments. On the other hand, the Zeytindağ group is composed of sediments such as 
lacustrine limestone, lay stone and marl which lapped on the various rock types at the region in 
addition to basalt and rhyolitic lavas of the same age. Quaternary-period sediments are represented 
by alluvial and beach (sea coast) deposits. Alluvial deposits are generally composed of volcanic 
sedimentary rock gravels, sand, silt and clay.  


Regional Geology  


Geological Map and rock types of İzmir Province and Surrounding Area are illustrated in Figure 
C.2.3-2  below. There exists İzmir flysh which is created from intercalation of recrystallized, limestone 
blocked schist and meta-sandstone at the lowermost part in region. Yellowish, beige colored Soma 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 142  


Formation consists of sandstone, siltstone, clayey limestone and fine limestone. Tuffite and different 
type of volcanoclastiks that show volcanosedimanter character are placed at the uppermost level in 
this formation. 


Aliağa volcanites exist over the Soma formation by angular unconformity. In middle Miocene, andesite 
lavas interfingered pyroclastiks which is called Aliağa pyroclastiks are created. Although Aliağa 
pyroclastik has acidic tuff, weathered tuff, pyroclastik rock and altered pyroclastik rock in explosive 
phase, it has volcanites coming from lava flow such as pyroxene andesite and perlite in extrusive 
phase.  


Source: Local EIA Report of the Aegean Refinery (Mineral Research and Exploration Institute, 1992) 


Figure C.2.3-2  Geological Map of İzmir Province and Surrounding Area 


Hatundere dasites, Sarıkaya rhyolites, Bozdivlit basaltic andesites and Dumanlıdağ andesites which 
are defined as Upper Miocene geological age are the most important rocks of Aliağa vulcanite. 


Local Study Area 


The Project Site is located on young volcanics observed at local sites of the Aegean coastline as 
illustrated in Figure C.2.3-3 . 
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Source: Local EIA Report of Aegean Refinery (Mineral Research and Exploration Institute, 1992) 


Figure C.2.3-3 General Geological Map of the Region 


An on-site geotechnical survey was performed in order to identify geotechnical features of the Local 
Study Area and the relevant report is presented in Appendix 5.  


Stratigraphy 


Stratigraphic sequence of the geological formations of the region is presented in Figure C.2.3-4  
below. 
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Source: Local EIA Report of the Aegean Refinery (Mineral Research and Exploration Institute, 1992) 


Figure C.2.3-4 Stratigraphic Column Section 


Tectonic Characteristics 


The study area is affected by the tectonic activity of step fault system which is effective in West 
Anatolia. Extensional regime toward west direction and normal faulting system create the main 
structural systems. There are fractures in NE and NW direction which were created in Paleogene –
Miocene in the Aliağa region. Güzelhisar fault between Aliağa and Osmancalı districts is an important 
system and it has nearly 25 km in length. Geomorphologic findings show that the fault has an activity 
in the Quaternary, therefore it is said that Güzelhisar fault is a possible active fault.  


Seismicity 


The STAR Project Site (Aegean Refinery and STAR Marine Tarminal) is located at the 1st Degree 
Earthquake Zone with the highest earthquake risk. The entire Seismic Survey is provided in Appendix 
5. 


Seismicity of the Project Site and surroundings are assessed in detail in the Section C.3: Natural 
Hazards. 
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C.3 Natural Hazards 


C.3.1 Introduction 


Major natural hazards associated with the Project were assessed and the results are presented in this 
section. 


Natural risks result from extreme climatic events (temperatures, rainfall or wind) and seismic 
(earthquake) events.  For the purposes of this ESIA, the focus of the natural risk assessment was on 
potential impacts to the environment and public safety. 


C.3.2 Study Area 


The study area for natural risks depends on the particular risk being assessed. The area of focus is 
the immediate vicinity of the Project site. However data from a much wider area were used to assess 
natural risks associated with seismic events. 


C.3.3 Baseline Summary 


Methods 


Baseline data for natural hazards included earthquake data describing seismicity hazards and climate 
data describing hydrological hazards. 


Seismic hazards were assessed by Boğaziçi University Kandilli Observatory and Earthquake 
Research Institute Earthquake Engineering Division using data from the technical literature, seismic 
databases, reports and geological/seismological maps available for the Project region. Earthquake 
records for the historical era were compiled based on available earthquake catalogues, published 
articles and reports. 


STAR has conducted a detailed seismic evaluation prior to the site preparation activities in order to 
provide precise information for the civil and structural design studies. 


STAR will conduct a flood risk assessment study during the detailed design phase of this Project. 
Flood hazards were assessed qualitatively for the ESIA using historical data. 


Baseline Results 


Seismic  


According to Turkey Earthquake Zones Map issued in 1996 by General Directorate of Disaster Affairs, 
Earthquake Research Department, the Project site is located within a first-degree seismic zone as 
illustrated in 2007 


Figure C.3.3-1 . In addition, the Project site is shown on the active fault map of Turkey in Figure 
C.3.3-2 .  
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Source: General Directorate of Disaster Affairs, 2007 


Figure C.3.3-1 İzmir Earthquake Map 


PROJECT 
AREA 
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Source: General Directorate of Disaster Affairs, 2007 


Figure C.3.3-2 Illustration of the Region on Turkey Active Fault Map 


A seismic hazard study was performed in order to examine the seismicity status of the Project site. It is 
estimated that an earthquake within an area of diameter 100 km could impact the Project site; 
therefore the area located between 25,5º -28,5º eastern longitudes and 37º-40º northern latitudes was 
identified as a seismotectonic region. The earthquakes that occurred in this region in historical times 
(between B.C 10 and 1900) were assessed along with the data collected during the instrumented 
period (between 1900 and 2008),to calculate the seismic hazard both in terms of transformation 
periods and probability of excedance. The seismicity of the region is illustrated in  


Figure C.3.3-3  Based on an assessment of the characteristics of historical earthquakes only those 
great earthquakes (I ≥ VI) have been used for the purposes of this study. Information on earthquakes 
that occurred during the instrumented period was compiled from published earthquake catalogues, 
reports, announcements and a database. 


As seen in Table C.3.3-1, within 100 km diameter around the Project site, a total of 93 earthquakes 
with the magnitude of I ≥ VI occurred in the historical period while 196 earthquakes with the magnitude 
of M ≥ 4 occurred in the instrumented period. 


In addition, another detailed seismic hazard study was being carried out by Kandilli Institute as of the 
completion date of the draft version of this ESIA report. 
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Table C.3.3-1:  Earthquake occurrence within100 km of Project site in Historical and 
Instrumented Periods 


Historical Period Events recorded separated by intensity and magnitude 


Earthquake intensity (10) 6 7 8 9 10 


Calculated magnitude (M) 4.9 5.5 6.1 6.1 7.3 


Number of events 93 43 30 16 6 


Instrumented  Period Events recorded separated by intensity and magnitude 


Magnitude range 4≤M ≤ 4 4.5≤M ≤ 4.5 5≤M ≤ 5 5.5≤M ≤5.5 6≤M ≤ 


Number of events 196 81 34 11 6 
Source: General Directorate of Disaster Affairs 2007, Geotechnical Survey Report, 2008 


 


Figure C.3.3-3 Seismicity of the Project Site 


Flood 


There are not any continuously active stream beds in or close to the Project site, whereas very low 
flow drainage systems may occur falling from the hill on north side of the project site. These drainage 
systems can be observed during excessive precipitation and during short-term flows after melting 
snow occurs (See Section D6: Hydrology and Surface Water). However the low flows from these 
drainage systems will not cause flood events. 


As the Project is located uphill from the sea level there is no risk of sea flooding.  
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C.3.4 Impact Assessment 


Issue Scoping 


Two principal natural hazards are identified in the risk assessment as seismic and hydrological. Issues 
associated with these natural hazards are summarized as follows.  


Seismic Hazards 


An earthquake could:  


• cause a power failure and plant shutdown;  
• damage plant structures; and  
• rupture containment facilities such as process tanks and piping. 


Hydrological Hazards 


Heavy rains could trigger:  


• flooding from overloading of the diked containment areas, and  
• flooding from overloading of the storm sewers. 


Marine storms could trigger: 


• disturbances during loading/unloading operations. 


Based on these issues, the key questions for natural hazards were defined as: 


• What effects will seismic activity associated with the Project have on the public and 
environment? 


• What effects will flood events/marine storms associated with the Project have on the public 
and environment? 


Key Question 1: What effects will seismic activity associated with the Project have on the public and 
environment? 


Linkage Evaluation 


The linkage of potential impacts of seismic activity during the construction and operation period is valid 
and assessed further below. 


Impact Analysis Methods 


During construction and operation, impacts from natural hazards will be managed through minimizing 
risk. Risk analyses will be conducted within an ongoing management program to control risks from all 
natural hazards. A qualitative risk assessment was carried out to analyse the potential impacts from 
natural hazards. 


Impact Assessment Criteria 


Impact assessment criteria are defined by likelihood of occurrence and magnitude of consequences. 
Overall risk is therefore a product of the relative ranking for likelihood and consequence. Ranking 
categories run from extremely low to extremely high. 
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Impact Analysis Results 


A site-specific seismic risk assessment was carried out to develop design parameters for the feasibility 
design. Ground motions from an earthquake could potentially cause the following hazard scenarios: 


• Liquefaction of soils and damaging foundations which could fail Project facilities and 
containment tanks; 


• A power failure causing a processing plant shutdown causing releases into the 
environment. 


The analyses used to develop seismic criteria used for engineering design are presented in Appendix 
5. Based on the analyses conducted a peak ground acceleration on the ground surface of 0.75g was 
adopted. The engineering design will reduce the risk for all events up to the maximum design 
earthquake. 


Risk Mitigation 


• Plant structures will be designed with respect to design earthquake parameters (peak 
ground acceleration and design acceleration spectrum) as determined by the Seismic 
Hazard Study (see Appendix5). 


• Earthquake loads will be addressed in piping design. Connections to rigid equipment 
such as tanks and pumps will be located in diked areas. Following an earthquake, 
equipment and piping will be inspected, and any leaks will be isolated. 


• Earthquake loads will be addressed in tank and vessel designs. The volume of the 
tank containments will not be less than 100% of the volume of the biggest tank within 
the containment area. 


• Pipelines are designed for shutdown of several days duration. 
• Plant units will be designed to shut down in safe mode, 
• An active risk management program will be implemented throughout the Project life 


cycle and appropriate mitigation measures will be implemented. 


Residual Impacts 


In addition to the design criteria used, an active risk management program will be implemented 
throughout the Project life cycle and appropriate mitigation measures will be implemented. The 
residual risks of natural hazards for the public and the environment as a result of the Project are 
therefore estimated to be at the low end of the risk spectrum and within international standards. 


Monitoring 


Monitoring programs will be assessed during detailed design. 


Key Question 2: What effects will flood/marine storm events associated with the Project have on the 
public and environment? 


Linkage Evaluation 


The linkage of potential impacts of flood/marine storm events during the construction and operation 
period is valid and assessed further below. 


Impact Analysis Methods 


A qualitative risk assessment was carried out to analyse the potential impacts from flooding. 
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Impact Assessment Criteria 


Impact assessment criteria were used as described above for seismic risk.  


Impact Analysis Results 


Extreme events could potentially cause the following hazard scenarios: 


• Flooding could cause overloading of the containment areas in the refinery and release 
to the environment; 


• Flooding could cause direct damage to the Project facilities. 
• Marine storms could cause accidents around Marine Terminal which may result in 


structural damage escalating to marine oil spills. 
 


Mitigation 


• Although there are minimal flood risks from storms, interception channels will be built 
to prevent surface water from flowing into the facilities. Rain water in the facility will be 
controlled via in-site drainage systems and removed from the site. These measures 
will also protect against erosion (see Section C6: Hydrology and Surface Water). 


• In the design calculations of drainage systems, the highest rain ratios observed in 
standard times recorded by General Directorate of State Meteorology Studies Dikili 
Meteorological station will be used as base. 


• Furthermore, provisions will be implemented according to Prime Ministry Circular Letter 
on Stream Beds and Floods published at Official Gazette dated September 9,.2006. 


• STAR Marine Terminal loading/unloading operations will be happening in coordination 
with Port authority. Communication between terminal land personnel and vessel 
personnel will ensure meteorological conditions are taken into account during planning 
for loading/unloading. Response to possible oil spills are discussed in Chapter G, 
Emergency Response Plan. 


Residual Impacts 


Given the rainfall pattern, site and surrounding area topography, plus mitigations included in Project 
design, residual natural risks from the Project are expected to be at the low end of the risk spectrum. 
This finding agrees with experience from similar operations built and operated to international 
standards and therefore Project risks are expected to be within international standards for refinery and 
marine terminal operations. 


Monitoring 


Monitoring programs will be assessed during detailed design. 
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C.4 Soils  


C.4.1 Introduction 


This section presents the characterization of soils in the local study area and environmental 
assessment for the effects of the Project on soils.  


C.4.2 Study Area 


The soils local study area (LSA) comprises the Project Site. Relevant soils and land use data were 
also obtained for a wider area to put the LSA information in perspective.  


C.4.3 Baseline Summary 


Methods 


During the Local EIA of Aegean Refinery, maps and studies of Ministry of Agriculture and Rural Affairs 
- Rural Services General Directorate (KHGM) were utilized for characterization and classification of 
major soil groups and land use capabilities in the region. Same maps were used here to identify major 
soil groups and land use capabilities in the LSA.  


In addition, during local EIA studies, soil samples were taken in April 2009 during drilling studies for 
the establishment of the MW36Y observation well in the Project Site and were analyzed in Turkey 
Scientific and Technical Research Institution Marmara Research Center (TÜBİTAK-MAM) for 
determination of existing quality of the soils and level of potential contamination in the LSA. The 
sampling location is shown in Figure C.4.3-1 . The analysis results are summarized in the Baseline 
Results section. 


 


Figure C.4.3-1 Location of the Soil Sampling Point 


Baseline Results 


Naphtha 
tanks 


Fuel oil 
tanks 


Aromatics 
Unit 


Project 
Site 


Petkim 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 153  


Total area of the Project Site is given as 137.5 ha however, it was measured as 142 ha by GIS and 
the area of the Project Footprint on which the Refinery units, buildings and roads will be located was 
measured as about 101.5ha. 


Major Soil Groups  


Major soil groups in the LSA and in the 20x20km surrounding area are shown in Figure C.4.3-2 
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Source: Local EIA of Aegean Refinery (General Directorate of Rural Services) 


Figure C.4.3-2  Major Soil Types in the local study area and 20x20km Surrounding Area 
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Three major soil groups were identified in the soils LSA. The largest soil group is “brown forest soils” 
that is observed at southeast, south and west of the LSA. Another large soil group is “non-calcareous 
brown soil that is observed at eastern and central parts of the LSA where the majority of the Project 
Footprint is located. A smaller area at southeast of the LSA is “colluvial soils” group. 


KHGM explains the characteristics of the major soil groups situated in the LSA as below: 


Non-calcareous Brown Soil: Soil with A (B) c profile. It has brown or light brown dispersible upper soil 
and pale reddish brown B horizon. It does not show bubbling in application with diluted acid including 
B horizon. In general, there is washing and upper soil has more acidic character compared to lower 
soil. Sub-soil is dominated by alkaline. In some cases, free-carbonates can be seen in sub-soil. 
Natural vegetation is observed as grass and grass-bush mixture. 


Brown Forest Soil: Brown forest soils with high lime content are formed on main ingredient. Their 
profile is A(B)C and horizons pass to each other gradually. A horizon is well evident since it is very 
well developed. It is dark brown and dispersible. It has a porous or granular structure. Its reaction is 
generally alkaline and sometimes neutral. Color varies between light brown and red in B horizons. 
Reaction is generally alkaline and sometimes neutral. Its structure is granular or block with rounded 
corners. There may be a small amount of clay accumulation. CaCO3 is found in lower parts of the 
horizon. This soil is generally formed under large leaf forest cover. Soil formation process that is 
effective is calcification and podzolization. Drainage is good. It is often used as forest or grass land. 
Main and regional products are cultivated in where this soil is allocated to agriculture and its yields are 
good. 


Colluvial Soil: Deposits that are carried with gravity and small flows at slopes of mountainous and hilly 
lands and narrow valley floors, ordered as in alluvial according to size of grains form Colluvial soil. 
Young soil over colluvial material that does not exhibit formation other than weak A1 is mapped as 
colluvial. Weak structure formation may be seen at bottom other than A1. However, this is not an 
advanced differentiation. Organic material accumulation and decomposition actions are effective in 
formation. Soil reflects features of main materials on which they are present due to inadequacy of soil 
formation. Main material is carried from soft lime, hard limestone, schist, serpentine or soil bodies 
composed of them. According to that, they may be calcareous, non-calcareous and with rough or thin 
structure. In short, soil features change based on material they carry. Difference of colluvial soil from 
alluvial soil is that it is ordered according to size of grains of carried material. In addition, surface slope 
and drainage slope is good in colluvial. It is drier compared to alluvial. Therefore that supports weaker 
flora. Less organic material is accumulated on upper soil as result of that. 


The major additional soil groups situated in the 20x20km surrounding area are Rendzina Soil, Non-
Calcareous Brown Forest Soil, Alluvial Soil, River Flood Beds, and Grey-Brown Podzolic Soil.  


Land Use Capabilities  


Land use capabilities are classified according to the cultivation of soil. Land use capability classes 
used by Ministry of Agriculture and Rural Affairs are explained in Table C.4.3-1: . 
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Table C.4.3-1: Soil Classes for Cultivation Capability 


Capability 
Class 


Suitability for Cultivation Cultivation Limiting factors 


I Suitable for many crop types. No limitations. 


II Suitable for long term cultivation of various crops It requires measures against soil and 
water loss 


III Suitable for cultivation of certain type of crops for which 
special protection measures are provided. 


It is open to erosion and requires 
artificial drainage for cultivation 


IV Suitable for some crops. It requires special care when 
used for agricultural purposes in general. 


There are limitations in terms of depth 
of soil, stone content, humidity and 
slope. 


V Plain or slight slope, stony or lush soil. It is not suitable 
for plough and cultivation. It is used as grass or forest 
area in general 


It has a weak drainage and a structure 
that is not suitable for plough. 


VI Not suitable for plough and cultivation. It is generally 
used as grazing area and forest area 


There are limitations in terms of slope 
and shallow soil 


VII Not economic for agricultural activities but it is suitable 
for weak grazing or forestation 


There are limitations in terms of 
shallow soil, stone content, slope and 
erosion. 


VIII Not suitable for flora. It may be used as recreation or 
protection area for wild life. 


It is poor of soil 


Source: General Directorate of Rural Services (KHGM) 


Land use capability classes in the LSA and in the 20x20km surrounding area are shown in Figure 
C.4.3-3 . 
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Source: Local EIA (General Directorate of Rural Services) 


Figure C.4.3-3 Land use Capability Classes in the Local Study Area and 20x20km Surrounding Area 
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Three classes of land use capabilities were identified in the LSA. The majority of the soils are class VI 
that is not suitable for agriculture. The second class is class IV that is suitable only for a few crops with 
special processes. The smallest is class I that is suitable for agriculture. For more than half of the LSA 
no data is provided in the source maps. In any case, overall LSA is identified as industrial land in the 
Regional Development Plan. 


Soil Quality 


The soil samples taken during the Local EIA studies from the location shown in Figure C.4.3-1  in April 
2009 were analyzed along with the parameters and limits stated in the previous Regulation on Soil 
Pollution Control (issued on May 31, 2005 in the Official Gazette No. 25831). In many soil 
investigation studies conducted in Turkey, Dutch Limits were also used where there was no limits in 
Turkish Regulation for particular parameters. A recent Regulation on Soil Pollution Control and 
Contaminated Sites by Point Sources was issued on June 8, 2010 in the Official Gazette No. 27605. 
This recent regulation replaced the previous regulation. 


Results of the soil analysis, compared against previous Turkish Soil Pollution Regulation limits, Dutch 
Soil Pollution limits, and recent Regulation on Soil Pollution Control and Contaminated Sites by Point 
Sources limits are provided in Figures below. 
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Table C.4.3-2:  Soil Analysis Results and Limits – Heavy Metals 


(*) Source: Soil Analysis Report in Local EIA Study 


Parameter Soil Sample 
Analysis Results(*) 


Limits in Previous Regulation on 
Soil Pollution Control (Appendix 
I-A - a) 


Dutch Limits 


(mg/kg dry 
weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated 
Sites by Point Sources (Appendix I) 


CAS-No Absorption via 
ingestion of soil 
and dermal 
contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence 
of fugitive 
dusts in 
ambient 
environme
nt 


(mg/kg dry 
weight) 


Transfer of 
pollutants from soil 
to groundwater and 
drinking 
groundwater  


(mg/kg dry weight) 


pH  5-6 


(mg/kg furnace-
dried soil) 


pH>6 


(mg/kg 
furnace-dried 
soil) 


Optimu
m 


Action SF=10 


(dilution 
factor) 


SF=1 


(diluti
on 
factor
) 


Lead (Pb mg/kg) 
furnace-dried 
material 


8.8 50 300 85 530 7439-92-
1 


400     135 14 


Cadmium (Cd mg/kg) <0.1 1 3 0.8 12 7440-43-
9 


70   1124 27 3 


Chromium (Cr 
mg/kg) 


52.5 100 100 100 380             


Chromium +6 (Cr 
mg/kg) 


     18540-
29-9 


   10 1 
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Parameter Soil Sample 
Analysis Results(*) 


Limits in Previous Regulation on 
Soil Pollution Control (Appendix 
I-A - a) 


Dutch Limits 


(mg/kg dry 
weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated 
Sites by Point Sources (Appendix I) 


CAS-No Absorption via 
ingestion of soil 
and dermal 
contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence 
of fugitive 
dusts in 
ambient 
environme
nt 


(mg/kg dry 
weight) 


Transfer of 
pollutants from soil 
to groundwater and 
drinking 
groundwater  


(mg/kg dry weight) 


pH  5-6 


(mg/kg furnace-
dried soil) 


pH>6 


(mg/kg 
furnace-dried 
soil) 


Optimu
m 


Action SF=10 


(dilution 
factor) 


SF=1 


(diluti
on 
factor
) 


Total Chromium (Cr 
mg/kg) 


     7440-47-
3 


   900,000 1 


Copper (Cu mg/kg) 22 50 140 36 190 7440-50-
8 


3129     514 51 


Nickel (Ni mg/kg) 47.4 30 75 35 210 7440-02-
0 


1564     13 1 


Zinc (Zn mg/kg) 73.7 150 300 140 720 7440-66-
6 


23464     6811 681 


Mercury (Hg mg/kg) <0.5 1 1.5 0.3 10 7439-97-
6 


23 3   3 0.6 


pH 8.92   pH>6                 
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Parameter Soil 
Sample 
Analysis 
Results 


Limits in 
Previous 
Regulation on 
Soil Pollution 
Control 
(Appendix I-A - 
b) (mg/kg 
furnace-dried 
soil) 


Dutch Limits  


(mg/kg dry weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated Sites by Point 
Sources (Appendix I) 


CAS-
No 


Absorption via 
ingestion of 
soil and 
dermal contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence of 
fugitive dusts 
in ambient 
environment 


(mg/kg dry 
weight) 


Transfer of pollutants from soil 
to groundwater and drinking 
groundwater  


(mg/kg dry weight) 


Optimum Action SF=10(dilution 
factor) 


SF=1(dilution 
factor) 


Chlorite (Cl mg/l) 0.51 25 ° °             


Sodium (Na mg/l) 10.8 125 ° °             


Cobalt (Co mg/kg) 16.9 20 20 240 7440-48-
4 


23   225 5 0.5 


Arsenic (As mg/kg) 5.3 20 29 55 7440-38-
2 


0.7   471 3 0.3 


Molybdenum (Mo mg/kg) 2.7 10 10 200             


Stannum (Sn mg/kg) 8.5 20 ° °             


Barium (Ba mg/kg) 553 200 200 625             


Fluoride (F mg/l)(Onon) 0.38 200 ° °             


Free Cyanide (T CN mg/l) <0.004 1 1 20             
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Parameter Soil 
Sample 
Analysis 
Results 


Limits in 
Previous 
Regulation on 
Soil Pollution 
Control 
(Appendix I-A - 
b) (mg/kg 
furnace-dried 
soil) 


Dutch Limits  


(mg/kg dry weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated Sites by Point 
Sources (Appendix I) 


CAS-
No 


Absorption via 
ingestion of 
soil and 
dermal contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence of 
fugitive dusts 
in ambient 
environment 


(mg/kg dry 
weight) 


Transfer of pollutants from soil 
to groundwater and drinking 
groundwater  


(mg/kg dry weight) 


Optimum Action SF=10(dilution 
factor) 


SF=1(dilution 
factor) 


Total Cyanide (T CN mg/l) 0.024 5 ° °             


Total Sulfur (S* mg/l) 0.038 2 ° °             


Bromine (BR mg/l) 0.0018 20 ° °             


Benzene (mg/kg) <0.05 0.05 0.05 2             


Butyl Benzene ( mg/kg) <0.05 0.05 ° °             


Toliol (mg/kg) <0.05 0.05 ° °             


Xylol (mg/kg) <0.05 0.05 ° °             


Phenol (C₆H₆OH mg/kg) <0.07 0.05 0.05 40             


Selenium (Se mg/kg) <1 5 ° °             


Thallium (Tl mg/kg) <0.5 1 ° °             


Polycyclic Aromatic Hyd. (PAH 
mg/kg) 


0.222 5 1 40             
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Parameter Soil 
Sample 
Analysis 
Results 


Limits in 
Previous 
Regulation on 
Soil Pollution 
Control 
(Appendix I-A - 
b) (mg/kg 
furnace-dried 
soil) 


Dutch Limits  


(mg/kg dry weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated Sites by Point 
Sources (Appendix I) 


CAS-
No 


Absorption via 
ingestion of 
soil and 
dermal contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence of 
fugitive dusts 
in ambient 
environment 


(mg/kg dry 
weight) 


Transfer of pollutants from soil 
to groundwater and drinking 
groundwater  


(mg/kg dry weight) 


Optimum Action SF=10(dilution 
factor) 


SF=1(dilution 
factor) 


(*) Halogen org. Bil. (AOX mg/l) 0.027 0.5 ° °             


Pesticides – Individual <0.01 0.5 ° °             


Pesticides – Total <0.01 2 0.0025 4             


PCBs (mg/kg) <0.01 0.5 ° °             


Total Organic Carbon (TOC 
mg/kg) 


9135 -                 


Total Petroleum Hydrocarbons 
(mg/kg) 


368 -                 


Total Petroleum Hydrocarbons 
(Aliphatic) (EC5-EC8) 


     0-01-0 4693      4   0.4 


Total Petroleum Hydrocarbons 
(Aliphatic) (EC8 >-EC16) 


    0-01-1 7821   7 0.7 


Total Petroleum Hydrocarbons 
(Aliphatic) (EC16 >-EC35) 


    0-00-9 156429   146 15 
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Parameter Soil 
Sample 
Analysis 
Results 


Limits in 
Previous 
Regulation on 
Soil Pollution 
Control 
(Appendix I-A - 
b) (mg/kg 
furnace-dried 
soil) 


Dutch Limits  


(mg/kg dry weight) 


Generic Limits in Current Regulation on Soil Pollution Control and Contaminated Sites by Point 
Sources (Appendix I) 


CAS-
No 


Absorption via 
ingestion of 
soil and 
dermal contact 


(mg/kg dry 
weight) 


Inhalance of 
volatile 
substances in 
ambient 
environment 


(mg/kg dry 
weight) 


Inhalence of 
fugitive dusts 
in ambient 
environment 


(mg/kg dry 
weight) 


Transfer of pollutants from soil 
to groundwater and drinking 
groundwater  


(mg/kg dry weight) 


Optimum Action SF=10(dilution 
factor) 


SF=1(dilution 
factor) 


Total Petroleum Hydrocarbons 
(Aromatic) (EC5-EC9) 


    0-01-3 15643   15 1 


Total Petroleum Hydrocarbons 
(Aromatic) (EC9>-EC16) 


    0-01-4 1564   1 0.1 


Total Petroleum Hydrocarbons 
(Aromatic) (EC16>-EC35) 


    0-01-2 2346   2 0.2 


Antimony (sb mg/kg) <1 -     7440-36-
0 


31     2 0.2 


Vanadium (mg/kg) 82.8 -     7440-62-
2 


548     2556 256 


(*) Source: Soil Analysis Report in Local EIA Study of the Refinery 
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The analysis report stated that among the parameters analyzed; only Barium exceeds the Turkish 
limits (in the previous Regulation). As the other pollutant parameters have not exceeded the limits, it 
was estimated that this pollutant was naturally present in soil.  


The Regulation on Soil Pollution Control and Contaminated Sites by Point Sources states that after 
two years of the issue of the Regulation (June 8, 2012), industrial sites should declare an Activity 
Preliminary Information Sheet to MoEU and MoEU will determine potential risk rates of each industrial 
facility and determine site-specific soil quality limits. Currently, the Regulation gives the specific soil 
quality parameters for each industry to be monitored and provides generic limits for parameters. 


C.4.4 Impact Assessment 


Issue Scoping 


The main potential issues associated with soils in the local study area are: 


• Construction of the Project will involve topsoil removal and excavation of soil for refinery units 
and other infrastructure, which increases the probability of, loss of soil nutrients and soil 
compaction, and erosion.  


• Generally, chemicals used in the refineries are classified as hazardous chemicals. Hence, 
these chemicals may cause soil pollution due to possible leaks, tearing or punctures in the 
process units, storage tanks and infrastructure of the Refinery.  


Based on these issues, the key questions for soils have been defined as: 


• What effects will topsoil removal and excavation of land areas during construction have on 
soils in the local study area? 


• What effects will hazardous chemicals to be used in Refinery have on soils in the local study 
area? 


Key Question 1: What effects will topsoil removal and excavation of land areas during construction 
have on soils in the Local Study Area? 


Linkage Evaluation 


Soil groups will be directly affected due to the clearing and excavation activities during construction 
activities. Topsoil and lower soil layers will be removed for the construction of the process units, 
buildings and infrastructure resulting in direct loss or alteration of soil. Disturbance of the soil might 
potentially result in erosion through movement by wind and rainfall-runoff. Hence, this linkage for 
potential impacts is valid and assessed further below. As surface runoff will be discharged to the sea, 
soil erosion by surface runoff is also linked to the potential sediment accumulation in the sea. This 
issue is assessed in Section C.7-Sea Water Quality. 


In addition during the construction of Aegean Refinery, two-four existing tanks of Petkim will be 
demolished. During the excavation for that process, some contaminated soil at the bottom of the tanks 
might come out and this might create potential risk of soil pollution. 


Impact Analysis Methods 


The assessment methodology included an analysis of potential linkages between construction 
activities of the Project, the analysis of effects by the Key Question and classification of residual 
effects associated with the Key Question.  
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GIS surface area measurements were done for the major soil groups and land use capabilities of the 
soils in the LSA and in Project Footprint where the soil disturbance will occur. Impact ratings were 
determined based on the net permanent loss of unique and valuable soil groups and a qualitative 
assessment was made for the soil impacts. 


Impact Assessment Criteria 


The criteria for rating impacts for soil are presented in Table C.4.4-1: . 


Table C.4.4-1: Soil Impact Description Criteria 


Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) Reversibility(e) Frequency(f) 


Positive 
negative or 
neutral 


negligible:  no 
measurable effect 
(<1%) from current 
conditions 
 
low:  <10% change 
from current conditions 
 
moderate:  10 to 20% 
change from current 
conditions 
 
high:  >20% change 
from current conditions 


local:  effect restricted 
to the LSA 
 
regional:  effect 
extends beyond the 
LSA into the RSA 
 
beyond regional:  
effect extends beyond 
the RSA 


short-term: 
construction 
 
medium-
term: 
operations 
 
long-term:  
>operations 


reversible  
or 
irreversible  


low:  occurs 
once 
 
medium:  
occurs 
intermittently 
 
high:  occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs (considers a 4-5 year 


construction period and a 44-45-year operations period) 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


 


Impact Analysis Results 


Three major soil groups were identified in the soils LSA. The largest soil group is “brown forest soils” 
that is observed at southeast, south, west and north of the LSA. Another large soil group is “non-
calcareous brown soil that is observed at eastern and central parts of the LSA where the majority of 
the Project Footprint is located. A smaller area at southeast of the LSA is “colluvial soils” group. 
Surface areas of soil types in the Project Site and Project Footprint where the soil disturbance would 
occur were measured as given in Table C.4.4-2: .  


Table C.4.4-2: Distribution of soil groups in the Project Site and Footprint 


Soil Type Project Site Project Footprint 


area (ha) % at Area (ha) % at 


Brown Forest Soil 81.6 57.4 47.9 47 


Non-calcareous Brown Soil 52.5 37 49.7 49.2 


Colluvial Soil 3.9 2.8 3.8 3.8 


No Data 4.0 2.8     
Total 142.0   101.4   
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Three classes of land use capabilities were identified in the LSA. The majority of the soils are class VI 
that is not suitable for agriculture. The second class is class IV that is suitable only for a few crops with 
special processes. The smallest is class I that is suitable for agriculture. For more than half of the LSA 
no data is provided in the source maps, but overall the LSA is identified as industrial land in the 
Regional Development Plan. Surface areas of land use capability classes in the LSA and Project 
Footprint where the soil disturbance would occur were measured as given in Table C.4.4-3: .  


Table C.4.4-3:  Distributions of land use capability classes in the Project Site and Footprint 
Area 


Land Use Capability 
Class 


Project Site Project Footprint 


Area (ha) %at Area %at 


No Data 56.6 39.8 
49.8 49.0 


VI 44.1 31.1 


14.0 13.8 
IV 37.4 26.3 


33.9 33.4 
I 3.9 2.8 


3.8 3.8 
Total 142.0  101.5  


 


The prediction from these analyses is that less than 4% of the Project footprint comprises soil that is 
suitable for agriculture. In addition, top-soil salvage will focus on this higher quality soil to ensure it is 
all used for reclamation during construction.  


Mitigation 


The following mitigations will be applied to reduce the loss of topsoil: 


• The average topsoil depth in the Project Site was taken as 30cm. As required by the 
Regulation on Excavation, Construction and Demolition Wastes (issued on March 03, 
2004 at Official Gazette no.25406) removed topsoil will be moved to a proper area in 
the Project Site to be used for landscaping after the construction. This topsoil will also 
be used for reclamation after closure. Given the length of time before closure, a viable 
system will be developed to conserve as much topsoil on site in an ecologically viable 
way. Should space for some top-soil storage for closure be an issue, subject to 
agreement with regulators, it shall be moved off-site to be placed in an appropriate 
productive manner. The objective will be striven for use of all topsoil in a productive 
manner, either on site or off-site.  


• To avoid loss by surface runoff, soils will be covered by tarpaulins or gravel, the 
ground will be covered by impermeable material and slope of the soils will not be over 
5%. 


• Temporary cross ditches will be constructed to redirect surface runoff. 


The following mitigations will be applied to prevent the siltation of seabed: 


• Excavate cross ditches to divert runoff within the construction site away from the 
interception channels discharging to the sea. Construct settling ponds at the end of 
cross ditches before they connect to the interception channels. 


The following mitigations will be applied to eliminate any possible soil contamination during excavation 
for tanks demolishment:  
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• The excavated soil under the tanks bottom will be analysed against applicable soil 
contamination regulations. If the analyzed parameters dictate that the soil is 
contaminated (classified as hazardous), it would be disposed in accordance with 
applicable regulations i.e. licensed entities will be contracted for collection, 
transportation and disposal. The wastes that can be incinerated will be transported to 
Petkim’s licensed waste incineration plant.  


Residual Impacts 


The location of the Project footprint plus planned soil salvage with a focus on the small area of higher 
quality soil will ensure a negligible magnitude impact to more productive soil present. Overall within 
the Project site, for all soils within the Project site 71% disturbance will occur from the footprint, which 
is a high magnitude impact. However, topsoil salvage will be undertaken as much as possible for all 
soil types to lessen the impact through the complete Project life cycle. Thus, overall a low magnitude 
soils impact is predicted, with low environmental consequence.  


Table C.4.4-4: Residual Impact Classification for Soil 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question 1: What effects will clearing and excavation of land areas during construction have on soils in 
the local study area? 


Negative Low Local   Long term Yes  Low  Low 


Monitoring 


Annual reporting of soil salvage and reclamation activities during construction and initial period of 
operations, including area disturbed, area and volume of soil salvaged, area re-contoured, and area of 
soil replacement. 


• Monitoring and annual reporting during construction of the effectiveness of erosion 
control efforts including erosion control structures and measures implemented. 


• Annual visual inspections of re-vegetated areas during construction and initial 
operations to assess vegetation establishment and facilitate early detection of any 
erosion. 


• Annual evaluations at the end of construction and during early operations of re-
vegetated areas for vegetative growth performance and species abundance. 


Key Question 2: What effects will hazardous chemicals to be used in Refinery have on soils in the 
local study area? 


Linkage Evaluation 


Spills and leaks during operation can result in the alteration of chemical and physical properties of soil, 
which in turn can affect vegetation groundwater quality and seawater quality. To minimize the possible 
contamination risk, necessary precautions and monitoring will be taken in the Refinery. The subject 
precautions to be taken are discussed in detail in Section C5: Hydrogeology and Groundwater Quality. 
Should any soils be suspected as being contaminated during construction or operations, then soil 
samples will be collected and analyzed to see if a corrective action is required or not.  


Considering subject precautions in the Refinery, the linkage for potential impacts is invalid and isn’t 
therefore assessed further. 
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C.5 Hydrogeology and Groundwater Quality 


C.5.1 Introduction 


This section presents the baseline results and impact assessment for hydrogeology and groundwater 
quality. 


C.5.2 Study Area 


The local study area (LSA) for hydrogeology and groundwater quality comprises the Project Site. 
Relevant hydrogeology and groundwater data were also obtained for a wider area to put the LSA 
information in perspective.  


C.5.3 Baseline Summary 


Introduction 


Groundwater is available in permeable parts of alluvial layers and cracks and spaces of volcanic rocks 
and Neogene sediments around Aliağa. Groundwater is supplied by rainfall. Rainfall on a basin 
supplies groundwater from bottom and upper layers with leakage to rivers, channels, cracks and fault 
zones. Discharge of groundwater is due to the water extraction from wells, evaporation and water 
movement by slope of land. Groundwater is stored in free aquifers in the region. 


Depths of water wells in the region vary between 50 and 100 meters. Static water levels of the wells 
are around 10m. and their yields range between 4 and 10 l/s. Ground water levels fell almost by 3m 
from 1984 to 1991 due to severe droughts. As stated in İzmir Province Environment Report (the 
former Ministry of Environment and Forestry, 2007), deep well drilling is prohibited for the areas within 
100m from the sea since ground water is salty in such areas.  


Currently, water demand of Petkim and the other industries around the Project Site are supplied from 
Güzelhisar Dam. The detailed information about the dam is given in Section C6: Hydrology and 
Surface Water Quality. Groundwater will not be used for supplying the demands of the Refinery. Also, 
since ground waters are limited in terms of quality and quantity, no additional water wells will be drilled 
on the Project Site.  


Methods 


As part of the Local EIA process of Aegean Refinery in 2008, a literature research and field 
observations took place to document hydrogeology and groundwater quality. Also, a Geological-
Geotechnical Survey Report has been prepared to evaluate current land situation of the Project Site 
and its immediate surroundings. The report includes detailed description of geographical position and 
morphology, geology of the region, geological features of surface and rock types, and availability of 
water. Details of the geotechnical report can be found in Appendix-5. To determine the existing 
groundwater quality and levels of potential existing contamination in the LSA, groundwater samples 
were taken in April 2009 from two separate locations called MW2 and MW36Y shown in Figure 
C.5.3-1 . With respect to groundwater analysis results, Petkim Site Soil and Groundwater Pollution 
Report were prepared. The groundwater analysis results and Petkim Site Soil and Groundwater 
Pollution Report are presented in Appendix 6. 
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Figure C.5.3-1 MW2 and MW36 Sampling Points in the Project Site 


Groundwater Sampling Location 
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Figure C.5.3-2 MW2 and MW36 Sampling Points Locations 


Baseline Results 


In the Geological-Geotechnical Survey Report, groundwater level was measured by boreholes and it 
was noticed that ground water levels varied between 3.50 m. and 6.20 m. Considering the soil profile 
and water levels, it was decided that there is no static water level in the research area. However, it 
should be considered that measured groundwater levels might be affected owing to boring circulation 
water. 


Turkish Water Pollution Control Regulation classifies groundwaters in 3 classes: 


• GW – I: High quality groundwater that can be used as drinking water, in food & beverage 
industry and for all other purposes; 


• GW – II: Medium quality groundwater that can be used as drinking water through a proper 
treatment; and can be directly used for irrigation, husbandry, industrial cooling water and for 
other purposes; 


• GW III: Low quality groundwater that can be used through a proper advanced treatment. 


Classification of groundwater samples taken from MW2 and MW36Y boreholes with respect to Turkish 
Water Pollution Control Regulation is given in Table C.5.3-1:  below. 


  


Naphtha tanks 


Fuel oil tanks 


Aromatics Unit 


STAR Refinery Site 


Petkim Site 
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Table C.5.3-1: Groundwater Analysis Results with respect to Water Pollution Control 
Regulation 


Parameter Unit Class 
1 


Class 
2 


MW2 MW36 


Measured Quality Class Measured Quality Class 


Ammonium mg/L 0.2 1 0.04 1 0.09 1 


Sodium mg/L 125 125 84 1 130 3 


Nitrate-Nitrogen mg/L 5 10 0.98 1 0.48 1 


Sulphate mg/L 200 200 250 3 100 1 


Arsenic mg/L 0.02 0.05 0.022 1 0.017 1 


Lead mg/L 0.01 0.02 <0.003 1 <0.003 1 


Chromium mg/L 0.02 0.05 <0.005 1 0.008 1 


Iron mg/L 0.3 1 <0.01 1 <0.01 1 


Cobalt mg/L 0.01 0.02 <0.005 1 <0.005 1 


Copper mg/L 0.02 0.05 <0.005 1 <0.005 1 


Nickel mg/L 0.02 0.05 <0.005 1 <0.005 1 


Mercury µg/L 0.1 0.5 <0.2 1 <0.2  


Selenium mg/L 0.01 0.01 0.004 1 <0.001 1 


Zinc mg/L 0.2 0.5 <0.01 1 0.02 1 


 


As indicated in Table C.5.3-1:  above, groundwater samples MW36Y are included in class 3 with 
respect to Turkish standards. 


Soil and groundwater samples were also assessed in accordance with the Dutch Pollution Standards 
in the Site Soil and Groundwater Pollution Report. Dutch standards comprise two levels for pollutant 
chemicals: these are optimum limits and action limits. Optimum limits are the limits determining the 
improvement levels, in other words, the minimum level that may be reached with current treatment 
technologies. Action limits are the thresholds where treatment is necessary for complying with the 
optimum limits. For pollution levels below action limits and above target limits, decision for intervention 
is left to authorities’ discretion. In summary, the main purpose of using the Dutch standards is to 
identify dimensions of the pollution and to find out the need for intervention.  
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The compliance of groundwater analysis results with Netherland Pollution Standards are summarized 
in Table C.5.3-2: , Table C.5.3-3:  and Table C.5.3-4 below. 


Table C.5.3-2: Groundwater Samples Total Petroleum Hydrocarbon (TPH) Results 


Aromatic Hydrocarbons (C5-C35) Unit Dutch Limits MW2 MW36Y 


Optimum Action 


C6-C7 µg/l - - n.d. 2.5 


C8 µg/l - - n.d. 45 


>C8-C10 µg/l - - n.d. n.d. 


>C10-C12 µg/l - - <0.2 <0.2 


>C12-C16 µg/l - - <0.2 <0.2 


>C16-C21 µg/l - - <0.2 <0.2 


>C21-C35 µg/l - - <0.2 <0.2 


Aromatic Hydrocarbons Total µg/l - - n.d. 47.5 


Aliphatic Hydrocarbons (C5-C35)  - - - - 


>C5-C6 µg/l - - <10 <10 


>C6-C8 µg/l - - <10 <10 


>C8-C10 µg/l - - <10 <10 


>C10-C12 µg/l - - <0.1 <0.1 


>C12-C16 µg/l - - <0.1 <0.1 


>C16-C21 µg/l - - <0.1 <0.1 


>C21-C35 µg/l - - <0.1 <0.1 


Aliphatic hydrocarbons Total µg/l - - n.d. n.d. 


Total TPH µg/l 50 600 n.d. 47.5 


 


Source: Petkim Site Soil and Groundwater Pollution Report 
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Table C.5.3-3: Groundwater Samples Benzene-Toluene and Ethylbenzene-Xylenes (BTEX) 
Results  


BTEX Unit Dutch Limits MW2 MW36Y 


Optimum Action 


Benzene µg/l 0.2 30 <0.5 <0.5 


Toluene µg/l 7 1000 <0.5 2.5 


Ethyl benzene µg/l 4 150 <0.5 1.9 


m.p-xylene µg/l - - <0.5 43 


o-xylene µg/l - - <0.5 0.6 


Xylenes (total) µg/l 0.2 70 n.d. 43.6 


Petkim Site Soil and Groundwater Pollution Report 


Table C.5.3-4: Groundwater Samples Dissolved Metal Concentrations Results  


Metals Unit Dutch Limits MW2 MW36Y 


Optimum Action 


Arsenic (As) mg/l 0.01 0.06 0.022 0.017 


Antimony (Sb) mg/l - 0.02 0.0008 0.0006 


Beryllium (Be) mg/l - 0.015 <0.005 <0.005 


Lead (Pb) mg/l 0.015 0.075 <0.003 <0.003 


Chrome (Cr) mg/l 0.001 0.03 <0.005 0.008 


Cobalt (Co) mg/l 0.02 0.1 <0.005 <0.005 


Copper (Cu) mg/l 0.015 0.075 <0.005 <0.005 


Nickel (Ni) mg/l 0.015 0.075 <0.005 <0.005 


Mercury (Hg) mg/l 0.00005 0.0003 <0.0002 <0.0002 


Selenium (Se) mg/l - 0.16 0.004 <0.001 


Silver (Ag) mg/l - 0.04 <0.001 <0.001 


Vanadium (V) mg/l - 0.07 0.006 0.006 
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Metals Unit Dutch Limits MW2 MW36Y 


Optimum Action 


Zinc (Zn) mg/l 0.065 0.8 <0.01 0.02 


Source: Petkim Site Soil and Groundwater Pollution Report 


In sample taken from MW2 for Arsenic and in sample taken from MW36 for Xylene, Chrome and 
Arsenic values exceed the Dutch optimum limits. However, it is believed that arsenic can naturally be 
found in the groundwater. Arsenic and Chromium do exist naturally in soil and groundwater in parts of 
Turkey as a result of the alteration process near the surface of volcanic rock of the rocks. This is 
predominantly the case in Anatolia. Xylene does not occur naturally. The concentration observed 
should be linked to an accidental release of petroleum hydrocarbons to the environment. The 
concentration observed could be linked to refinery activities.  


Site Soil and Groundwater Pollution Report stated that only two parameters, Arsenic and Xylene, 
exceeded the Dutch regulatory limits in the water samples; hence there is no need for intervention. 


C.5.4 Impact Assessment 


Issue Scoping 


Due to the fact that groundwater will not be used for supplying the demands of the Refinery, the main 
potential issue relating to hydrogeology and groundwater quality is: 


• Refinery activities may cause groundwater pollution via possible leaks and seepages. 


Based on this issue, the key question for hydrogeology and groundwater quality has been defined as: 


• What effects will possible leakages and seepages caused by Refinery activities have on 
hydrogeology and groundwater quality? 


Key Question Hydrogeology-1: What effects will possible leakages and seepages caused by Refinery 
activities have on hydrogeology and groundwater quality? 


Linkage Evaluation 


Generally, a considerable portion of the chemicals used in the Refineries are classified as hazardous 
chemicals. Hence, these chemicals may cause groundwater, surface water, seawater and soil 
pollution, due to possible leaks and seepages caused by tearing or punctures in the Refinery units. To 
minimize the possible contamination risk, some precautions were taken in facility. For example, it is 
very important that impervious ground-covering material is used in certain locations to minimize risk. 


Mitigations 


In order to prevent corrosion which causes leaks, tanks’ outer surfaces will be painted. The inner 
surfaces of the tanks (1.5 meters high) will be coated with epoxy topping and protected from corrosion. 
This method, which is a kind of inner surface lining, will prevent tanks from tearing and puncturing due 
to corrosion.  


Tanks will be located stand-alone or in groups upto four at the tank farm areas. Tanks will be placed 
on a compacted soil to prevent land subsidence and tank material deformation because of the weight 
of the product inside the tank. The tanks will be placed on a circular concrete wall. The tanks will have 
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a single bottom and additional impervious provisions under the storage tank to prevent leakage of 
product to soil and groundwater. The impermeability under the storage tanks will be ensured via, 
granular layer, a thin sand layer, elastic membrane (HDPE and min 2 mm.) and asphalt. Any products 
leaked through the tank bottom will be collected by drainage channels between the tank bottom and 
elastic membrane and transferred to collection pits outside the circular ringwall. The collected leaked 
product will be conveyed to STAR waste water treatment facility through the drainage system. 
Appropriate measure will be taken to prevent progressive leaking of the storage tank.  The tank farm 
area not covered by the storage tanks will be paved with concrete. Tank areas will be paved by 10 - 
20 cm thick concrete. Tank groups and single tanks containing flammable and combustible liquids will 
be surrounded by dikes. The dikes will be built from concrete walls. In case of any leaks from the 
storage tank to the tank farm area, those dikes will retain the products and prevent further dispersion. 
The retention capacity of the diked area will not be less than the volume of the biggest tank in the tank 
farm area.  


Any spilled chemicals will be collected by drainage channels to be constructed around this concrete 
circle and transmitted to manholes. Then, collected chemicals will be conveyed to   Refinery new 
wastewater treatment facility through infrastructure system.  


Tank groups and single tanks will be surrounded by dikes. The dikes design will be calculated 
according to API 2610 and NFPA 30. Walls of diked area shall be concrete designed to be liquid tight 
and to withstand a full hydrostatic head. The surface inside the dike area shall be covered by concrete 
pavement in order to prevent leakage to soil/ground.  


Tanks filling level shall be in accordance with  API 2350.  Tank fill ratios will be controlled regularly and 
thus spillover will be prevented. 


Considering the precautions explained above, that come into play in case of leakage, the linkage for 
potential impacts from the Project on groundwater is assessed as invalid and therefore will not be 
assessed further. 
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C.6 Hydrology and Surface Water Quality 


C.6.1 Introduction 


The baseline results and impact assessment for hydrology and surface water quality are presented in 
this section. Hydrology and surface water quality will potentially be impacted by water supply needs 
and run-off or discharge during construction and operation phases.  


Water supply will be provided by Petkim during construction and operation phases as a third party 
service. Water will be supplied by Petkim from Güzelhisar Dam. Güzelhisar Dam is over 10 km 
location to the Project Site and the associated potential impacts are discussed in Section F: 
Cumulative Effects Assessment. 


This section concerns only freshwater; potential impacts to sea water are considered in Section C7: 
Sea Water Quality.  


C.6.2 Study Area 


The study area for hydrology and surface water quality covers the Project Site and immediate 
surroundings. 


C.6.3 Baseline Summary 


Methods 


As part of the Local EIA processes, literature research, field observations, analysis of existing maps, 
and interviews with Petkim representatives took place to document hydrology and surface water 
quality. In the scope of this ESIA Study, a field observation and study on maps took place to verify the 
current status.  


Baseline Results 


No stream or any other surface water body exists in the Aliağa Peninsula and in the Study Area. The 
closest stream is Güzelhisar Creek which is approximately 10 km away. The only ephemeral surface 
waters in the Study Area are small natural drainages from the hills to the west of the Petkim Property, 
where naphtha storage tanks are located. A few natural drainages in the Study Area are illustrated in 
Figure C.6.3-1  and Figure C.6.3-2 . The naphtha tanks area is within the Project Site and the tanks 
will be demolished for the Refinery. These drainage beds are dry in dry season and they transmit 
some amount of water in fall season and during heavy rainfall and snow melt periods. Discharges of 
the drainages adjacent to Petkim property have been diverted to Petkim interception channels that 
discharge to the sea. Flood risk of these small drainages is considered under Section C.3 Natural 
Hazards.  
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Figure C.6.3-1  Natural Surface Water Drainages in the Study Area 


 


Figure C.6.3-2 A Dry Natural Drainage (Surface Depression) from the North-west of the Project 
Site  


(dry natural drainage at left and crossing cleared section of the site downslope to south-east, 
to right) 
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Water resource capacity of the region is constituted by Bakırçay section of Northern Aegean Basin, 
Gediz basin, Küçük Menderes basin and eastern part of Büyük Menderes Basin. Surface waters in the 
region are presented in Figure C.6.3-3  below. 


 


Figure C.6.3-3 Surface Waters in the Region 


C.6.4 Impact Assessment 


Issue Scoping 


There is no freshwater surface water body in the Study Area and the few potential drainage lines are 
already linked to Petkim’s water management ditches. Erosion control measures during construction 
are described in the Section C4: Soils. Potential impacts to the marine environment during 
construction and operations are assessed in Section C7: Sea Water Quality. No impacts will be 
generated by the Project on surface waters. Water will be supplied by Petkim from Güzelhisar Dam as 
a third party service. Güzelhisar Dam is over 10 km location to the Project Site and the associated 
potential impacts are discussed in Section F: Cumulative Effects Assessment. 


 


Petkim 
Port 
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C.7 Sea Water Quality 


C.7.1 Introduction 


The baseline results and impact assessment for sea water quality are presented in this section. Sea 
water quality will potentially be impacted during construction phase of the Project by construction 
camp effluent discharges and soil erosion through surface runoff; and during operation phase by 
domestic and industrial wastewater discharges, discharge of surface runoff with oil and chemical 
contents and marine transportation activities including accidental or illegal spills.  


Several construction camp alternatives were assessed by STAR. There will be one or more 
construction camps that will generate domestic wastewater. These wastewaters are planned to be 
discharged to the sea following treatment (by package treatment units or Petkim WWTP) that would 
potentially result in an impact in sea water quality. 


The Refinery will be composed of process units, buildings, storage areas and roads. Refinery 
construction will involve varying degrees of land disturbance such as removal of vegetation and 
excavation. These disturbances will potentially result in increased runoff rates from the construction 
area until reclamation and re-vegetation activities are complete. The increased runoff will likely 
increase erosion and will transport additional sediment into downstream receiving water bodies, that is 
the sea in this case. 


C.7.2 Study Area 


The Project Site is located adjacent to the inland side of Petkim property, less than 1km from the coast 
at its closest point. Treated / processed waters and wastewaters of the Project will be discharged to 
the sea. Hence, the study area covers the Project Site and sea coasts of Petkim. 


C.7.3 Baseline Summary 


Methods 


Two previously conducted studies were used to summarize the sea water quality baseline here: 


• Risk Assessment and Emergency Response Plan for Petkim Port (existing), 2008; 


• Former EIA Report for Petkim Port Extension, 2010; and 


• Updated EIA Report for Petkim Port Extension, 2012. 


Risk Assessment and Emergency Response Plan for Petkim Port (existing) 


“Law on Principles for Emergency Response and Compensation of Losses in Pollution of Marine 
Environment by Petroleum and Other Hazardous Substances - No.5312 (issued on 11.03.2005)” and 
of “Regulation of Implementation of the Law on Emergency Response and Compensations on Marine 
Pollution by Petroleum and Other Hazardous Wastes (issued on 21.10.2006)” require; that the coastal 
facilities which may potentially cause marine pollution by petroleum or by the materials identified by 
the international MARPOL 73/78, should take all required measures to prevent marine pollution. 


In order to determine the required measures, the coastal facilities in the scope of the abovementioned 
Law and Regulation, should conduct a risk assessment study and prepare an emergency response 
plan including required equipments and staff resources to respond various emergency cases. 
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The Risk Assessment and Emergency Response Plan for Petkim Port has been completed in 2008 by 
the company Trsim Ltd. along with the requirements of the abovementioned Law and Regulation. In 
the scope of the study, environmental characteristics of the subject area have been investigated and a 
marine water quality analysis was conducted. It is reported that 9 samples were collected from sea 
water at and around Petkim Port on November 21, 2007 and analyzed for physical, chemical and 
biological characteristics. 


Other marine investigations in the scope of the Risk Assessment and Emergency Response Plan are 
listed below: 


• Hydrographic and oceanographic investigation and sea water oceanographic 
parameters measurements; 


• Sea bottom sediment analysis, sediment transportation and sand deposit model; and 
• Sea bottom sonar studies and seismic measurements. 


EIA Reports for Petkim Port Extension 


A preliminary design has been prepared for the Petkim Port extensions and an EIA Report was 
completed in 2010. Some additional facilities detailed in Section B were planned after the EIA 
Decision and another application was done to MoEU which includes two jetties of STAR Marine 
Terminal. EIA Positive decision was obtained in the beginning of 2012.  


It is reported that 4 samples were collected from sea water for each EIA studies on March 05, 2010 
and April, 05, 2011 and analyzed for physical, chemical and biological characteristics. 


Baseline Results 


Risk Assessment and Emergency Response Plan for Petkim Port (existing) 


Sampling points are indicated in Figure C.7.3-1 . Analysis results compared against the local 
regulatory limits are summarized in Table C.7.3-1: . 
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Figure C.7.3-1  Sea Water Sampling Locations in Petkim Port Risk Assessment Study 
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Table C.7.3-1: Results of Sea Water Analysis in Petkim Port Risk Assessment and Emergency Response Plan 


Parameter Unit Local 
Limits* 


Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 
8 


Poi
nt 9 


Measureme
nt 


Uncertainty 


pH - 6.0-9.0 8.36 8.40 8.42 8.44 8.43 8.44 8.44 8.48 8.43 %±0.02 


Color Mg/L Pt/Co 
scale 


 4.2 4.4 2.8 3.4 3.8 5.5 3.9 3.5 3.8 - 


Turbidity NTU  1.2 0.7 0.4 0.4 0.5 0.3 0.8 0.7 0.3 - 


Floating Solid Particle   None None None None None None None None Non
e 


 


Suspended Solid Particles mg/L 30 21.2 12.4 32.4 24.4 13.6 17.6 21.2 40.8 33.2 %±0.10 


Dissolved Oxygen mg/L  9.6 9.6 9.7 9.8 9.9 9.9 9.9 9.8 9.8 %±6.50 


Degradable Organic 
Contaminants (BOD5) 


mg/L  <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 <4.0 %±7.17 


Crude Oil and Petroleum 
Derivatives (Using Soxhlet 
Extractor as Hydrocarbon) 


mg/L 0.003 6.6 3.8 5.0 6.0 10.4 4.8 7.0 4.0 3.2 - 


Phenols µg/L 0.001 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 <1.6 %±2.00 


Copper mg/L 0.01 <0.005 <0.005 <0.005 0.075 <0.05. <0.05. <0.05. <0.05
. 


<0.0
05 


- 
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Parameter Unit Local 
Limits* 


Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 
8 


Poi
nt 9 


Measureme
nt 


Uncertainty 


Cadmium mg/L 0.01 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.00
05 


<0.0
005 


- 


Chrome mg/L 0.1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.00
5 


<0.0
05 


- 


Lead mg/L 0.1 <0.010 <0.010 <0.10 <0.010 <0.010 <0.010 <0.010 <0.01
0 


<0.0
10 


- 


Nickel mg/L 0.1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.00
5 


<0.0
05 


- 


Zinc mg/L 0.1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.0
1 


- 


Mercury mg/L 0.004 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.00
02 


<0.0
002 


- 


Arsenic mg/L 0.1 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.00
5 


<0.0
05 


- 


Ammonium mg/L 0.02 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.15 <0.1
5 


±1.10 


Radioactivity (Bq/L) Gross Alpha 
Activity 


 - - <3.95  3 3 3 3 -  
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Parameter Unit Local 
Limits* 


Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 
8 


Poi
nt 9 


Measureme
nt 


Uncertainty 


Gross Beta  - - 13.71±1.7
7 


- 8.44  8.44 8.48 - ±0.02 


Fish Bioassay (TDF) -  3 3 3 3 5.5  3.9 3.5 3  


* Regulation on Water Pollution Control – Table 4 – Sea Water Quality Parameters 
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EIA Reports for Petkim Port Extension 


Sampling points are indicated in Figure C.7.3-1 . Analysis results compared against the local 
regulatory limits are summarized in Table C.7.3-1: .and  Table A.1-1: . 


Sampling points are indicated in Figure C.7.3-1 . Analysis results compared against the regulatory 
limits are summarized in Table C.7.3-1:  and  Table A.1-1: . 


 


 


Figure A.1-1 Sea Water Sampling Locations in Petkim Port EIA Studies 


  


March, 05, 2010 


April, 05, 2011 
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 Table A.1-1: Results of Sea Water Analysis in Former EIA Report for Petkim Port Extension 


Parameter Unit Local 
Limits * 


Point 1 Point 2 Measurement 
Uncertainty 


Arsenic mg/L 0.1 *ND *ND ±0.016 


Cadmium mg/L 0.01 *ND *ND ±0.020 


Chrome mg/L 0.1 <0.01 <0.01 ±0.014 


Copper mg/L 0.01 *ND *ND ±0.014 


Mercury mg/L 0.004 *ND *ND ±0.054 


Nickel mg/L 0.1 *ND *ND ±0.016 


Lead mg/L 0.1 0.02 <0.01 ±0.015 


Zinc mg/L 0.1 *ND *ND ±0.021 


Mineral Oil  mg/L 0.003 0.8 3.7 ±31.18 


Phenols µg/L 0.001 0.017 0.018 ±0.015 


Dissolved Oxygen mg/L - 10.9 13.9  


SSP mg/L 30 16.7 3.7  


pH - 6.0-9.0  8.21  


Turbidity NTU Natural 2.1 1.85 ±2.02 


Chlorophyl-a mg/L  0.1 0.1  
Source: EIA Report for Petkim Port Extension (2010) 


*ND: Not Detected 
 


Table A.1-2: Results of Sea Water Analysis in Updated EIA Report for Petkim Port Extension 


Parameter Unit Local 
Limits * 


Point 1 Point 2 


Arsenic mg/L 0.1 <0.01 <0.01 


Cadmium mg/L 0.01 <0.01 <0.01 


Chrome mg/L 0.1 <0.01 <0.01 


Copper mg/L 0.01 <0.01 <0.01 


Mercury mg/L 0.004 <0.001 <0.001 


Nickel mg/L 0.1 <0.01 <0.01 


Lead mg/L 0.1 <0.01 <0.01 


Zinc mg/L 0.1 <0.01 <0.01 


Mineral Oil  mg/L 0.003 - - 


Phenols µg/L 0.001 <0.002 <0.002 


Dissolved Oxygen mg/L - 10.35 10.30 


SSP mg/L 30 <2.95 <2.95 


pH - 6.0-9.0 8.17 8.16 


Turbidity NTU Natural Natural Natural 


Chlorophyl-a mg/L - 0.177 0.218 


BOD5 mg/L - <5 <5 


Crude Oil and 
Derives 


mg/L - <4 <4 


Ammonia mg/L 0,02 0,027 0,038 
Source: EIA Report for Petkim Port Extension (2012) 


*ND: Not Detected 
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C.7.4 Impact Assessment 


Issue Scoping 


The following aspects of the Project could potentially affect sea water quality: 


• camp effluent discharges; 


• increase in erosion due to land disturbance until reclamation and revegetation activities 
completed and; 


• filling activities during construction of jetties (See Section Project Description). 


Based on these issues, the key questions for sea water quality have been defined as: 


• What effects will discharging camp effluent have on sea water quality? 


• What effects will soil erosion during construction have on sea water quality?  


Key Question Sea Water Quality-1: What effects will discharging construction camp effluents have on 
sea water quality? 


Linkage Evaluation 


The wastewater to be generated during construction activities is domestic wastewater from 
construction camp and wastewater from the construction works. It is estimated that almost 7,000 
workers will work during the peak construction period of the Project (including workers of construction 
of jetties) and the amount of domestic wastewater generated will be 1050 m3/day (7,000capita x 
150l/day/cap = 1,050,000l/day) which is a considerable amount. The wastewater will be discharged to 
the sea after treatment.  


Construction camp location has not been determined yet. Several construction camp alternatives were 
assessed by STAR. Currently there are three alternative locations as shown in Figure C.7.4-1 . There 
will be one or more construction camps. The point of discharge will be decided after the camp location 
is selected by the EPC contractors. Therefore this linkage for potential impacts is valid and is therefore 
assessed further below. 
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Figure C.7.4-1 Locations of Construction Camp Alternatives 


Impact Analysis Methods 


A qualitative assessment is conducted, based on STAR mitigations.  


Impact Assessment Criteria 


The criteria for rating impacts for sea water quality are presented below. 


Table C.7.4-1: Sea Water Quality Impact Description Criteria 


Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive, 
negative or 
neutral 


negligible: releases do not 
cause guidelines or existing 
backgrounds to be exceeded 
 
low: releases contribute slightly 
to existing background being 
exceeded 
 
moderate: releases cause the 
guidelines to be exceeded 
(where guidelines were not 
previously exceeded) 
 
high: releases cause the 
guidelines to exceeded 
substantially 


local: effect 
restricted to the 
LSA 
 
regional: effect 
extends beyond 
the LSA into the 
RSA 
 
beyond regional: 
effect extends 
beyond the RSA 


short-term: 
construction 
 
medium-term: 
operations 
 
long-term: 
>operations 


reversible  
or 
 irreversible  


low: occurs 
once 
 
medium: 
occurs 
intermittently 
 
high: occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  


Camp 
Site 1 


Camp 
Site 3 


Camp 
Site 2 
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(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs.   
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


Domestic wastewaters must be discharged to the receiving bodies with respect to the quality limits 
given in Turkish Water Pollution Control Regulation. The quality limits for the discharges of 2,000-
10,000 population equivalents are provided in Table 21.2 of the Regulation, as given in the Table 
C.7.4-2:  below. 


Table C.7.4-2:  Turkish Water Pollution Control Regulation - Figure 21.2 (till 2014) 


 


Parameter Unit 2-hr sample 24-hr sample 


BOD5 mg/L 50 45 


COD mg/L 160 110 


Suspended Solids mg/L 60 30 


pH  - 6-9 6-9 


 


Table C.7.4-3: Turkish Urban Wasterwater Treatment Regulation - Figure 1. App 5 (as of  
2014,The limits will be in line with Council Directive 91/271/EEC of 21 May 1991 Concerning 


Urban Wastewater Treatment) 


Parameter Unit limit Efficiency 


BOD5 mg/L 25 70-90 


COD mg/L 125 75 


Suspended Solids mg/L 35 70 


 


 


Impact Analysis Results 


The temporary wastewater treatment plant(s) to be installed will treat the wastewater to the quality 
required by the regulations.  


Mitigation 


Temporary prefabricated wastewater treatment plant(s) will be installed at the construction camp(s) to 
treat the wastewater to the quality required by the regulatory limits. An environmental permit including 
wastewater discharge permit will be obtained from the Provincial Directorate of MoEU. In case the 
permit requires different limits defined in Turkish Water Pollution Control Regulation - Table 21.2, the 
permit limits will be followed.  


One or more treatment plant will be installed depending on the camp locations and numbers. The 
treatment plant(s) effluent will be discharged to the sea. 


The characteristics of the treatment plant(s) will be selected so that the capacity is sufficient and the 
treatment system is appropriate to treat the particular wastewater from each of the construction camps 
to the quality required by regulations and permits. 
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Residual Impacts 


Overall impacts due to camp effluent are predicted to be of negligible or low magnitude, have a local 
or possible regional geographic extent (mainly within the LSA), short term duration during 
construction, and a high frequency (Table C.7.4-4: ). The overall environmental consequence is 
predicted to be negligible to low. 


Table C.7.4-4: Residual Impact Classification for Sea Water due to Construction Camp 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Sea Water Quality-1: What effects will discharging construction camp effluents have on sea 
water quality? 


Negative Negligible 
to low 


Local to 
regional 


Short term Yes High Negligible to low 


 


Monitoring 


Effluent quality of the treatment plants will be periodically monitored as required by the permit. Should 
the permit not state a monitoring period, then the monitoring will take place once in a month.  


Key Question 2: What effects will soil erosion during construction have on sea water quality?  


Linkage Evaluation 


Refinery construction will involve varying degrees of land disturbance such as removal of vegetation 
and excavation. These disturbances will potentially result in increased runoff rates from the 
construction area until reclamation and revegetation activities are complete. The increased runoff will 
likely increase soil erosion and will transport additional sediment into downstream receiving water 
bodies. The receiving body will be the sea. Hence the linkage is valid. 


Impact Analysis Methods 


A qualitative assessment is conducted, based on STAR mitigations. 


Impact Assessment Criteria 


Criteria used are as described above for the first Sea Water key question.  


Impact Analysis Results 


The slope of the Project Site is low and not erodible. As also discussed in the Section C4: Soils; the 
potential for impact to sea water is expected to be very low with the above mitigations.  


Mitigation 


A clarification pond will be located to collect and reduce sediments carried by runoff from areas 
affected by the Project, before the runoff water is routed to the sea.  


The Project Site will be progressively reclaimed through re-vegetation against soil erosion.  


Residual Impacts 


Residual impacts with respect to potential run-off during construction are provided in the Table below.  







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA- Final 192  
 


Table C.7.4-C.7.4-5: Residual Impact Classification for Sea Water due to Construction Activities 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Sea Water Quality-2: What effects will soil erosion during construction have on sea water 
quality? 


Negative Negligible 
to low 


Local to 
regional 


Short term Yes High Negligible to low 


 


Monitoring 


No monitoring is required.  
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C.8 Physical- Properties of Marine Water 


C.8.1 Introduction 


This section presents the baseline investigation methods and results for seawater physical properties 
of the Project Site and Local Study Area with a look at the regional oceanographic conditions. 


In general seawaters masses are basically characterized by some physical parameters that define 
their ‘physical status’. These basic parameters are Salinity (depicted measuring Conductivity), 
Temperature and Density, these values are measured through the water column by CTD probes. 
Furthermore many specific chemical analysis have been made to evaluate data quality conditions for 
nutrients and pollutants (see chapter C7). 


These values are primary indicators of the characteristics of the body of water and hence of its 
possible origin/provenance and/or of the influence that the seawater receive from externals forcing like 
climatic or atmospheric influence, currents mixing, freshwater supply, anthropogenic discharges (civil 
or industrial) etc. 


C.8.2 Study Area 


The Local Study Area (LSA) for marine waters comprises the Port Area and the Nemrut Gulf. 
Important data information were obtained also for regional scale and Larger Geographic Area (LGA) 
by bibliography studies and used in the LSA study to put the result in a more general overview. 


C.8.3 Baseline Summary 


Methods 


Data used in the present document steam from: (i) the surveys carried out from 2008 to 2010 in the 
context of the Project studies made by local companies, local experts and Turkish Universities; and (ii) 
the bibliographic research made by Golder in 2011-2012.  


Oceanographic characteristics of the seawater have been assessed through CTD measurements and 
Chemical analysis (DENAR a - Annex 8 to PETKIM EIA Report). Several CTD station have been 
measured in different campaigns around port area and in the Nemrut bay. Areal distribution is 
principally in the port area and along the northern coast, with some stations opposite the port area, 
toward south. Temporal distribution is less extensive, because the three sessions have been carried 
out in winter (January 2008 and December 2010), and late summer (September 2010). This approach 
does not cover the four seasons, so spring-early summer conditions are not assessed. 


CTD methods allows to measure by a probe: Conductivity (Salinity), Temperature and Density along 
profiles versus depth. A grid of points of measurements can be so used to model water properties 
distribution and possibly relate it with the water circulation. 


Baseline Results 


In the following, the main outcome of the available literature data is summarized and analyzed 
supplemented by the field surveys observations. 
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Regional Oceanography 


A general overview of the oceanography of the region is necessary, because it is well known how local 
conditions are generally determined by regional-scale characteristics and in turn can influence the 
meso-scale conditions. Reference region to look at to comprise local physical features of seawater 
and possible impacts is the Aegean Sea, in particular the central and northern basin.  


Aegean Sea is located in the North-Eastern part of the Mediterranean, it is a well-defined basin 
rounded to the south by the Island of Crete (Cretan arc), to the East by the Turkish coast, to the North 
and West by the Greek coasts. Important, how will be seen, for the local condition is the connection, 
by the Dardanelles Strait, to the Marmara Sea and hence to the Black Sea by the Bosporus. 


The Aegean Sea covers an area of approximately 200.000 Km² and contains a volume of about 
7.4×1013 m³ of water (Hopkins, 1978). 


                   


 


Figure C.8.3-1 Location of the study area within the Aegean Sea 


The basin has a very irregular topography, with complex bathymetry, an intricate coastline and 
hundreds of small and large islands distributed in various archipelagoes. The sea bottom topography 


Sporades Athos Basin 


CHIOS Basin 


Crete Basin 
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consists of three main depressions: (i) The North Aegean Trough (Sporades and Mount Athos Basin); 
(ii) the Chios Basin within the central part; and (iii) the Cretan Basin (largest and deepest depression). 
The shallower parts of the Sea consists of the Thermaikos, Samothraki, Limnos and Cyclades 
Plateaus (Poulos et al, 1997), while Lesbos-Chios and Dodecanese represents relevant platform 
extensions.  


To the scope of the present work important components to overview, of the regional oceanography, 
are: water circulation patterns, sea surface temperatures and salinity. 


Surface water circulation pattern of the Aegean Sea is not simple and regular and changes temporally 
and seasonally (Poulos et al, 1997). Last decadal studies have discovered very important role of the 
Aegean sea to the general Circulation of the Mediterranean (Bergamasco and Malanotte-Rizzoli, 
2010). 


At a first glance the most important factors determining the circulation in the Aegean Sea are the 
brackish and cold Black Sea Water (BSW) entering the north-eastern part of the domain through the 
Dardanelles Straits, the very saline and warm waters of Levantine origin entering the southern Aegean 
through the Cretan Arc straits and the very dense deep waters that fill the bottom of the various sub-
basins (Skliris et al, 2011). Other important factors affecting the circulations are the geographical 
distributions of the islands, the bottom topography, river outflow from Greek and Turkish mainland and 
also seasonal meteorological conditions as well as strong punctual meteorological events (Poulos et 
al, 1997). 


Winter surface waters circulation, of the central-north Aegean basin, is characterized by a cyclonic 
gyre, with saline and warm waters (LW – Levantine Waters) moving from the East Mediterranean, 
through the Cretan-Charpathos-Rodhes passages, along the Turkish coast toward north that are 
mixed with the colder and lesser saline (low density) waters coming from the Black Sea. Waters 
continue their path south-west along the Greek coast [Ovchinnikov (1966); Roufogalis, (1971), 
Theocharis and Georgopoulos (1993) and Zodiatis (1994)]. 


The most pronounced characteristic of the circulation in the North Aegean is this spreading of BSW 
inflow from the Dardanelles that generate the general westward, then southward, water movement 
associated with small-scale cyclonic and anticyclonic flow regions (Zodiatis (1994). The waters flow 
westward along the northern shoreline of Limnos, where they bifurcate into northerly and southerly 
directions. The interaction between water masses with different characteristics and origin, results in 
the formation, on the Limnos Plateau, of a well-defined haline frontal zone between the less saline 
BSW and the saline (39-39.1 PSU) water of Levantine origin (Ivanov et al., 1989; Zodiatis and 
Balopoulos, 1993). At this north location, a dense and oxygen-rich water mass is formed; this sinks 
subsequently, contributing to the ventilation of the deep waters of the northern Aegean Sea 
(Theocharis and Georgopoulos, 1993). 


The summer surface water circulation is characterized by general southern movement (Lacombe and 
Tchemia, 1972) which succeeds the winter cyclonic circulation and are induced by the prevailing wind 
climate; this, in turn, is dominated by the Etesians winds (Metaxas, 1973). 
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Figure C.8.3-2 Surface geostrophic currents in the North Aegean, summer period, revealing the 


BSW flow, the anticyclonic eddy in the NW Aegean and the weak northward flow in the SE part of 
the sea (after Zodiatis, 1994) 


 


The Etesians generate a coastal divergence and surface water flow towards the south, along the 
eastern boundary of the Aegean, which causes coastal upwelling. This phenomenon lead to a 
decrease in the sea surface temperature, which enhances the air cooling and contributes, therefore, to 
the stability of the wind system (Hopkins, 1978). On the western boundary of the Aegean, however, 
these winds induce a coastal convergence with downwelling. Under such conditions, the single winter 
cyclonic gyre is succeeded by a 2-gyre system incorporating an anticyclonic part to the east and a 
cyclonic part to the west; these are separated by a divergence zone, where upwelling phenomena 
may occur. Such a pattern has been presented also by Zodiatis (1994) for the summer period in the 
North Aegean Sea. Furthermore, the same author has stated that BSW during the warm periods 
(summer-autumn) flow, in general, in a southwesterly direction. The core of this water mass is located 
to the south of Limnos island. 


Mean monthly sea surface temperatures (SST) vary from 8°C in the north during winter, up to 26°C in 
the south during summer. SST depends mainly upon air temperature: there is a month’s delay 
between the former and latter maxima. The sea surface salinity (SSS) varies also spatially and 
seasonally, ranging from less than 31 PSU, in the north, to more than 39 PSU, in the southeast; lower 
values (< 25 PSU) occur adjacent to the river mouths. SSSs present their maximum differences during 
summer, whilst during winter and autumn the distribution of SSS is more uniform. The overall spatial 
SST and SSS distribution pattern is controlled by: (a) distribution of the (colder) Black Sea Waters; (b) 
advection of warmer Levantine Waters from the southeastern part of the Aegean; (C) upwelling (and 
downwelling) induced by Etesian; and (d) to a lesser extent, but locally important, freshwater river 
inflows. 


 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA- Final 197  
 


Local conditions 


As previously stated, local conditions has been assessed through CTD measurements around the 
project area. Collected values show a considerable difference between summer (September) and 
winter conditions, with a clear layering during the summer season and a more homogeneous 
distribution during winter (DENAR - Annex 8 to PETKIM EIA Report; Siviri N. - Appendix I).  


Superficial temperature (SST) measured are in the range of 17.3°-17.6° in December and 15.3° in 
January, while oscillate between 22.7° and 23.2° in September. Considering that these values are not 
strictly the monthly average temperatures, but single session of measures, they fall widely into the 
means of the periods for the region. The regular distribution indicates a homogeneous condition of the 
water masses excluding localized divergences from the wide area average. In the light of the regional 
scale characteristics the 2 °C difference between December and January can be due to the influence 
of the cold Black Sea waters that comes from the north or by localized riverine discharges. 


Vertical distribution of temperatures shows a more homogeneous water body, with small variability, 
during winter with occasional stratification at mid depth due to intermediate Levantine dense and warm 
waters. While in the summer, as expected, temperatures decrease versus depth with evident layering 
showing a clear thermocline at 4-5m depth and in some case another thermocline at 8-9m depth.  


Superficial salinity distribution in winter is in the range of 37.8-38.8 PSU. Starting from the sea surface, 
salinity values increase proportionally with depth. In the observed summer session superficial salinity 
varies between 39 and 39.6 PSU, while vertical distribution is in a more complex pattern with evident 
peaks (halocline) at 4 and 8m WD and in some cases at 15-18m WD. This stratification denotes the 
presence of layer of waters with less salinity up to 0.5 PSU. 


Superficial density values, in the observed winter period, vary between 28.1-28.6 σT (sigma-t), while 
the vertical distribution increases quasi-linearly with depth. 


In the observed late summer period density is approximately around 27.4 σT with some spots at 27-
27.1 σT. Vertical distribution is less regular than in winter with a decreasing trend with some negative 
peaks at the same salinity layers, this confirms the presence of different characteristics of the water. 


In conclusion, despite the embayment area appears relatively closed and with low dynamics, it is 
enough interested by the main regional circulation patterns. 


Chemical analysis of the waters, which are described in detail in chapter C 7 (DOKAY lab., Seawater 


laboratory testing report. Annex 2 to PETKIM EIA Report) revealed that for the majority of the 
parameters are appropriate for the demanded criteria except some parameters. Suspended Solid 
Matter at some stations is significant high. This situation mainly affects planktonic forms which are the 
first and the most important level of the food chain and other organisms in the upper levels of the chain. 
Similarly for “Petrol and derivatives” founded values are remarkably higher in all stations (3.8-10.4 
mg/l). Measured values are almost thousand-fold higher the demand criteria (0.003 mg/l).  


Also the copper level of 0,075 mg/l in the station n° 4 is significantly higher than the level of 0.01 mg/l 
which is permitted by sea water criteria. Lethal dosage in toxic studies is represented with different 
values depending upon any compound it creates. However, they all stipulate maximum value of 1 
mg/l as the limit values. 
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C.8.4 Impact Assessment 


Issue Scoping 


Potential issues associated with physical characteristics of seawater have been assessed considering 
the potential effects of jetty development on the specific conditions present in the Project area. 


These issues are: 


���� constructions foreseen in the Project involve filling of sea areas for the planned activities. 
Filling could result in an impact on the surrounding waters in the short-term (construction 
phase). Moreover Project could directly or indirectly impact water features in time (operational 
phase) with increased level of pollutants and/or turbidity  (e.g. domestic wastewater from 
construction camp and wastewater from the construction works). Regarding seawater, phase 
1 and phase 2 of the Project (which implies respectively the building of the southern part of the 
wharf and of jetties 1 and 2, and the building of the northern part of the wharf and of jetties 3 
and 4) are tackled together.  


Based on this issue, the key questions for seawater has been defined as: 


� What effects will the Project (phase 1 and phase 2) have on seawater at construction and 
operational phase? 


 


Key Question Seawater: What effects will the Project (phase 1 and phase 2) have on physical features of 
seawater at construction and operational phase? 


 


Linkage Evaluation 


Even though the Project site is already interested by several human activities, Project construction 
(phases 1 and 2) and operational activities will occur on new areas. Furthermore increased ship traffic 
at operational phase could enhance pollutants and turbidity level with possible effects on other 
biological components. Moreover, the seawage (1050 m3/day) could have impact on physical features of 
sea water.  This linkage is therefore valid and is therefore assessed further below. 


 


Impact Analysis Methods 


Direct and indirect impacts of the Project on seawater features from construction and operations 
phases were assessed through a qualitative assessment of the LSA considering the data collected 
during the site survey. 


 


Impact Assessment Criteria 


The criteria for rating impacts for Seawater are presented in below Table.   
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Table C.8.4-1: Impact description criteria  


Direction(a) Magnitude(b) 
Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive, 
negative or 
neutral for the 
measurement 
endpoints 
(changes in 
seawater 
characteristics) 


negligible: no 
measurable effect on 
the measurement 
endpoint 
low: <10% change in 
measurement 
endpoint 
moderate:  10 to 20% 
change in 
measurement 
endpoint 
high: >20% change in 
measurement 
endpoint 


local: effect 
restricted to the 
LSA 
regional: effect 
extends beyond 
the LSA to the 
Project region 
beyond 
regional: effect 
extends beyond 
the Project 
region 


short-term: 
<5 years 
medium-
term: 5 to 
49 years 
long-term: 
>49 years 


reversible  
or 
irreversible  


low: occurs 
once 
medium: 
occurs 
intermittently 
high: occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. Considers a 4 year construction period and a 30-


year operations period. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


 


Impact Analysis Results 


It should be noted that environment inside the LSA is impacted by anthropogenic factors since the 
area has been an industrial zone and harbor facility for many years. The sea area interested by the 
Project is already disturbed by industry activities and characterized by some parameters significantly 
high (eg. copper, suspended solid matter, petrol and derivatives). 


At the present status of knowledge, oceanographic conditions are quite inside the regional area 
averages. The experience indicates that water quality is in general conditioned by port construction 
activities that may influence with pollutants and turbidity the masses of water around the area, and in 
turns the biological components related to the oceanographic parameters. Chemical analysis and 
suspended sediment evidences indicate that an increment of Port activity could increase pollutants 
(spilling, chemical leaking) and turbidity with secure effect on biological components. This is true 
especially for construction and operational phases. 


� In any case due to the non-conservative nature of seawater (dynamic component differently than 
seabed) any impact will be diluted along time and space with natural flow of waters with a 
negative gradient far away the port area and a relative reversibility. 


Direct influence on temperature, salinity and density parameters can be considered negligible. 
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Mitigation 


� One or more treatment plant will be installed depending on the camp locations and numbers.  


� grease, transparency, suspended solids and/or turbidity in areas of excavation stockpiles during 
the construction activities is suggested. At list two stations are suggested: one closer to the 
construction area and the other (control area) further but always within the Nemrut Gulf. 


� The fact that panel or aquatic environment leaks into the filling texture could diminish the friction 
strength between the particulates, and could cause the damage of the stability of the filling 
material. Therefore, the material to be used in the filling activity shall not cause the sea pollution, 
shall not be made from marly and schistose rocks, which are likely to be decomposed and 
deteriorate through exterior factors. The mineralogical, chemical and physicochemical 
characteristics of the material to be used shall not derogate the present quality of the sea, and 
shall be in accordance with the General Technical Specifications of T.R. Transportation Ministry, 
RHA Construction. In order to avoid that filling material would not spread out through the marine 
environment, and would not cause turbidity and sea pollution by spreading around the sea, the 
activity owner shall take structural measures such as concrete wall and rock fill. Furthermore the 
filling material to be used should not include heavy metals. 


 


Residual Impacts 


Impacts due to the Project activities for oceanographic features of seawater is considered low, have a 
local geographic extent (LSA), medium term duration, and a high frequency. 


Table C.8.4-2: Residual impact classification for seawater features (Chemical/Physical) 


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency 
Environmental 
Consequence  


Key Question Seawater: What effects will the Project (phase 1 and phase 2) have on seawater at 
construction and operational phase? 


Negative 
Negligible 


to 
Moderate 


Local Medium 
term Yes High Low 


 


Monitoring 


Monitoring is the only way to ensure that potential damage is kept to a minimum. It also provides 
valuable information on the success of the Project and can help in future decision-making. Water 
seasonal monitoring with respect to suspended solids, floatable oil and grease, transparency, 
suspended solids and/or turbidity in areas of excavation stockpiles during the construction activities is 
suggested, taking remedial action if necessary. At list two stations are suggested: one closer to the 
construction area and the other (control area) further but always within the Nemrut Gulf. 


Conclusions 


The findings of this ESIA have provided information on the nature and extent of environmental impacts 
arising from the Project (phase 1 and phase 2). With regards to Physical characteristics of seawater a 
negligible consequence is foreseen on the oceanographic parameters. 
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The intended activity, without mitigation measures, would potentially impact negatively seawater and 
indirectly marine habitats (marine flora and fauna) in particular during construction stage. Monitoring 
with respect to water flow, pollutants and suspended sediments is suggested, especially during 
construction phase, taking remedial action. 
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C.9 Marine Seafloor 


C.9.1 Introduction 


This section presents the baseline investigation methods and results for seabed features of the Project 
Site and Local Study Area. Seafloor is the basic physical layer on which marine biological components 
take place. Recognize and study this component and the equilibrium between seafloor and other 
phenomena linked to it, play a key role in the correct actual and future impact assessment. 


C.9.2 Study Area 


The Local Study Area (LSA) for Seabed characterization comprises the Project Port Site and an 
associated buffer that includes potential additional effects on the seabed. This area is more or less 
equivalent to the Marine Biological component area. 


C.9.3 Baseline Summary 


Methods 


Data relevant to the marine seafloor of the LSA steam mainly surveys carried out by a company 
specialized in environmental survey called Denar, in the context of the Project studies (DENAR a - 
Annex 8 to PETKIM EIA Report and DENAR b). 


Seabed has been investigated widely with many techniques. Basically, the morphology was studied by 
single beam echo-sounding bathymetry along a grid of lines 7and isobaths charts have been 
designed. Sonar imagery with Side Scan Sonar (SSS) was used to obtain echograms of the seabed. 
These echograms are the principal mean to study seabed features, nature, texture and small scale 
morphology, and also for broad biocenosis mapping. This method is most used all over for baseline 
seabed reconnaissance. Geological structure of the first meters of the bottom has been investigated 
by sub-bottom profiling method. Low frequency acoustics give information of the first meters sub 
bottom layering, and possibility to discover buried structure, paleo-surfaces and thickness of strata. 


Finally composition and distribution of the type of soil (grain size and quality) was obtained by direct 
bottom surface sampling and analysis.  


Baseline Results 


The near shore bathymetry shows a gently rising bottom approaching the port area, with depths, in the 
outer harbour decreasing from -20m to -10m in the central part of the basin, while inner basin rise up 
to -6m. 


Lateral sonar images and sub bottom profiles are in good accordance. Sonar images collected from 
the study site reveal large sand sediment deposits and flowing zones. Generally it is seen that the 
seabed is composed by recent sediments, such formations presence is clearly seen on deep 
bathymetry. There is a rocky formation outcropping on the project area also observed on seismic 
sections. No such formation or gas intrusion are within the construction site. 
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Figure C.9.3-1 Examples of sub bottom profiler data registered in the LSA (images from DENAR 
b) 


Along the northern peninsula, the interpretation of the collected sections shows two units: Unit A, Unit 
B and Base Rock. When the geology of the project site is concerned, there is a thin and young marine 
aluvial layer followed by a slightly decomposed tufa unit. Unit A represents recent aluvial sea surface 
while Unit B represents a more compact structure. Unit A is deposited on places where the slope is 
low. It is existed on most of the lines collected from the study area. Unit B is seen on areas where the 
slope gets higher. Unit B is the unit that forms the seabed upper surface on steep slopes. Rocky areas 
are thought to be included by Unit B. The Unit, which is thought to be the Base Rock, could not 
interpreted properly. The high acoustic empedance difference between the water surface and seabed, 
is caused by the multiple reflection effect. It is showed as blue dashed lines on interpreted sections. 
Such lines obscure the layers below and do not allow them to observe the thickness and properties. 


Superficial sampling and analysis revealed, at project site, a wide varying type of sediments ranging 
from gravel, sand, silt and mud with all the transitional phases along the scale. Surface sediments 
from the study area within Petkim Port have been found to contain high concentration of fine-size 
(silt+clay) material. Those sediments are generally represented with `Sandy Silt` type material and 
they are found to contain no gravel-size material. It is also found that the sediment samples collected 
in and around the Petkim Port are generally made out of dark colour (dark green and black) material 
due to heavy ship traffic and industrial facilities.  


Surface sediment structure within the surrounding area is thought to be affected from mainly 
hydrocarbon oils and different chemical compounds. On the basis of the available information the 
sediment can be considered Non hazardous Waste. In the PETKIM EIA Report, general indication 
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about the chemical analysis of sediments carried out are reported, the following consideration are 
given: “Analyses of samples taken from the area on 05/03/2010 by NEN Mühendislik ve Laboratuar 


Hizmetleri Ltd. Şti were conducted within the scope of 2010 capacity increase Project in compliance 


with parameters indicated in the “Regulation on Control of Hazardous Wastes” effectuated by being 


published on Official Gazette dated 14/03/2005 and numbered 25 755 and it has been determined that 


....... material ...... from the area (deep sludge) falls into the grade of “Nonhazardous Waste” according 


to Annex 11-A Regulation on Control of Hazardous Wastes. Due to the fact that sample is non-


hazardous as to the results of analysis, ......” 


The results of the chemical analysis on sediment are available in the tables below. 


Table C.9.3-1 Sediment Quality Analysis Results No 1 (table from Local EIA ) 


Code of the 
tested item 


10-0651 Code of Test Item of the 
Customer 


Aliağa Petkim Port Point No 1 (17m) 


Parameter Standard od 
Analysis 


*Wastes to 
be 
Classified 
as Inert 


*Wastes to 
be 
Classified as 
Non-
Hazardous 


*Wastes to 
be 
Classified as 
Hazardous 


Analysis 
Result 


Measurement 
Uncertainty 


Eluate Criteria L/S =10lt/kg 


Arsenic (As 
mg/l) 


T5 EN 150 
11885 


≤ 0.05  0.05-0.2 < 0.2-2.5 ND* - 


Barium (Ba 
mg/l) 


 ≤2 02-10 < 10-30 0.02 ± 0,014 


Cadmium (Cd 
mg/) 


≤ 0.004  0.004-0.1 < 0.1-0.5 ND** - 


Chromium(Cr 
mg/l)  


≤0.05  0.05-1 < 1-7 ND - 


Coppper (Cu 
mg/l) 


≤0.2  0.2-5 < 5-10 ND - 


Mercury (Hg 
mg/l) 


≤ 0.001  0.001-0.02 < 0.02-0.2 ND - 


Molybdenum 
(Mo mg/l)  


≤0.05  0.05-1 < 1-3  0,01  


Nickel (Ni 
mg/l) 


≤0.04  0.04-1 < 1-4  ND - 


Lead (Pb 
mg/l) 


≤0.05  0.05-1 < 1-5  0,04 ± 0,015 


Antinomy (Sb 
mg/l)   


≤ 0.006  0.006-0.07 < 0.07-0.5  ND - 


Selenium (Se 
mg/l) 


≤0.01  0.01-0.05 < 0.05-0.7  ND - 


Zinc (Zn mg/l) ≤0.4  0.4-5 < 5-20  ND - 
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Code of the 
tested item 


10-0651 Code of Test Item of the 
Customer 


Aliağa Petkim Port Point No 1 (17m) 


Parameter Standard od 
Analysis 


*Wastes to 
be 
Classified 
as Inert 


*Wastes to 
be 
Classified as 
Non-
Hazardous 


*Wastes to 
be 
Classified as 
Hazardous 


Analysis 
Result 


Measurement 
Uncertainty 


Chloride (Cl- 
mg/l) 


TS EN 
10304 -1/2 


≤80  80-1500 <1500-2500  1080  


Fluoride (F- 
mg/l) 


≤1  1-15 < 15-50  0,59  ± 0,116 


Sulphate 
(SO4-2) 


≤ 100  100-2000 < 2000-5000  94,6 ± 1,440 


Dissolved 
Organic 
Carbon (mg/l) 


ISO 8245, 


TS 2089 EN 
13137 


≤ 50  50-80 < 80-100  23,1 - 


Total 
Dissolved 
Solid (mg/l) 


SM 2540 C ≤400  400-6000 < 6000-
10000 


1400 ±7,16 


Phenolics 
(Volatile) 


TS 6227 ISO 
6439 


≤ 0.1     


Criteria for Original Waste 


Total Organic 
Carbon, % 


ISO 8245, 


TS 12089 
EN 13137 


≤30000 (%3)  ≤50000 (%5) ≤ 60000 (%6) 1  - 


BTEX (mg/l) ISO 22155 6   0,25  


PCBs (mg/l) EPA 8082 A, 
EPA 3540 C 


EPA 3665 A, 
EPA 3510 C 


1   0,1 - 


Mineral Oil 
(mg/l) 


ISO 9377-2 500   28,5 - 


Loss On 
Ignition (LOI) 


T'S EN 
12879 


    - 


       


*Turkish Hazardous Wastes Control Regulation Table 11-A 


** ND: Below detection limit 
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Table C.9.3-2: Sediment Quality Analysis Results No 2 (Figure from Local EIA) 


Code of the 
tested item 


10-0651 Code of Test Item of the 
Customer 


Aliağa Petkim Port Point No 2 (22,5m) 


Parameter Standard of 
Analysis 


*Wastes to 
be Classified 
as Inert 


*Wastes to 
be Classified 
as Non-
Hazardous 


*Wastes to 
be Classified 
as 
Hazardous 


Analysis 
Result 


Measurement 
Uncertainty 


Eluate Criteria L/S =10lt/kg 


T5 EN 150 
11885 


 ≤2 02-10 < 10-30 0.03 ± 0,014 


Cadmium (Cd 
mg/) 


≤ 0.004  0.004-0.1 < 0.1-0.5 ND - 


Chromium(Cr 
mg/l)  


≤0.05  0.05-1 < 1-7 ND - 


Cupper (Cu 
mg/l) 


≤0.2  0.2-5 < 5-10 ND - 


Mercury (Hg 
mg/l) 


≤ 0.001  0.001-0.02 < 0.02-0.2 ND - 


Molybdenum 
(Mo mg/l)  


≤0,05  0.05-1 < 1-3  0,11  


Nickel (Ni 
mg/l) 


≤0.04  0.04-1 < 1-4  ND - 


Lead (Pb 
mg/l) 


≤.05  0.05-1 < 1-5  ND  


Antinomy (Sb 
mg/l)   


≤ 0.006  0.006-0.07 < 0.07-0.5  ND - 


Selenium (Se 
mg/l) 


≤0.01  0.01-0.05 < 0.05-0.7  0,003 - 


Zinc (Zn mg/l) ≤0.4  0.4-5 < 5-20  ND - 


Chloride (Cl- 
mg/l) 


TS EN 
10304 -1/2 


≤80  80-1500 <1500-2500  1421 ± 0,306 


Fluoride (F- 
mg/l) 


≤1  1-15 < 15-50  0,59  ± 0,116 


Sulphate 
(SO4-2) 


≤ 100  100-2000 < 2000-5000  144,2 ± 1,440 


Dissolved 
Organic 


ISO 8245, ≤ 50  50-80 < 80-100  25,1 - 
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Code of the 
tested item 


10-0651 Code of Test Item of the 
Customer 


Aliağa Petkim Port Point No 2 (22,5m) 


Parameter Standard of 
Analysis 


*Wastes to 
be Classified 
as Inert 


*Wastes to 
be Classified 
as Non-
Hazardous 


*Wastes to 
be Classified 
as 
Hazardous 


Analysis 
Result 


Measurement 
Uncertainty 


Carbon (mg/l) TS 2089 EN 
13137 


Total 
Dissolved 
Solid (mg/l) 


SM 2540 C ≤400  400-6000 < 6000-
10000 


2855 ±7,16 


Phenolics 
(Volatile) 


TS 6227 ISO 
6439 


≤ 0.1     


Criteria for Original Waste 


Total Organic 
Carbon, % 


ISO 8245, 


TS 12089 
EN 13137 


≤30000 (%3)  ≤50000 (%5) ≤ 60000 (%6) 2 - 


BTEX (mg/l) ISO 22155 6   0,40  


PCBs (mg/l) EPA 8082 A, 
EPA 3540 C 


EPA 3665 A, 
EPA 3510 C 


1   0,1 - 


Mineral Oil 
(mg/l) 


ISO 9377-2 500   26,7 - 


Loss On 
Ignition (LOI) 


T'S EN 
12879 


    - 


*Turkish Hazardous Wastes Control Regulation Table 11-A 


** ND: Below detection limit 
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Figure C.9.3-2  The locations of the sediment sample 1 (indicated as NUMUNE N 1and NUMUNE 


N2) (figure from TRSIM report) 


The surface sediments collected from the entrance and inside of Petkim Port, have fine and coarse 
grain size material ratio close to each other. Sediments distributed around and inside of the port 
generally show fine-size dominance (negative skewness), while sediments collected from the west 
side of Petkim Port changes into coarse-size dominance (positive skewness). 
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Figure C.9.3-3 Sediment distribution map (figure from DENAR b) 


Considering the coastal geology/geomorphology (as described in the next subsection) it is seen that 
except for the port area, the coast band is shaped as a rift structure. Gradual coarse size material 
increment in the sediments collected from the west part of the project site, this is explained by 
deposition of eroded materials from such steep rocky units. Extension of these structures to the sea is 
also observed around shallow parts on the study area. Away from the coast part, as a result of 
material transportation effect decrement, fine-size material dominance on the surface sediments is 
noticeable. 


C.9.4 Impact Assessment 


Issue Scoping 


Potential issues associated with Seabed physical characteristics have been assessed considering the 
potential effects of jetty development on the specific conditions present in the Project area. Regarding 
seabed, phase 1 and phase 2 of the Project (which implies respectively the building of the southern 
part of the wharf and of jetties 1 and 2, and the building of the northern part of the wharf and of jetties 
3 and 4) are assessed together.  


 


These issues are: 
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� constructions foreseen in the Project (phase 1 and phase 2) involve filling of sea areas for the 
planned activities. Filling will result in an impact on the surrounding seafloor area in the short-
term (construction phase). Moreover Project could directly or indirectly impact Seafloor chemistry 
in time (construction phase and operational phase) with increased level of pollutants. 


Based on this issue, the key questions for seawater has been defined as: 


� What effects will the Project (phase 1 and phase 2) have on seafloor morphological/geological 
structure? 


� What effects will the Project (phase 1 and phase 2) have on Seafloor chemistry, grain size and 
texture? 


 


Key Question SeaFloor 1: What effects will the Project (phase 1 and phase 2) have on seafloor 
morphological/geological structure? 


Linkage Evaluation 


The Project site is affected by the existing dock and port activities since long time; no changes is 
expected in the seafloor geological structure in the LSA. While, excluding areas affected by the 
construction itself  that involve obvious morphological changes, some small morphological changes 
can be predicted in term of punctual erosion and sediment runoff during construction and during the 
life cycle of the Project. These changes are evaluable only in qualitatively terms and with a temporary 
scale from short to mid-term and will not be assessed further below.  


A potential linkage for impacts on seafloor geological structure in the LSA can be considered invalid 
and further impact assessment is not required.  


Mitigation and monitoring will not be required for potential Project impacts on marine and coastal 
protected areas as well. 


In any case some applicable considerations will be done in the Coastal geomorphology and Marine 
current Impact assessment section. 


Key Question SeaFloor 2: What effects will the Project have on seafloor chemistry, grain size and 
texture? 


Linkage Evaluation 


As predictable, given that the Project site is already much impacted by the existing dock activities 
since long time, the new constructions and operational activities, that will also occur on new areas, will 
lead to new emissions and in a general increase in release of substances (pollutants, sediments, dust 
etc.). This could affect the first layer of the seafloor, that, given its conservative nature, will retain the 
changes for long periods. These changes can be relevant although evaluable in qualitatively terms 
and with a temporary scale from short to mid-term, so the linkage is valid and will be therefore 
assessed further below.  


Impact Analysis Methods 


Direct and indirect impacts of the Project on seafloor chemistry, grain size and texture, from 
construction and operations phases, were evaluated through a qualitative assessment of the LSA 
considering the data collected during the Project surveys (mainly DENAR a - Annex 8 to PETKIM EIA 
Report and DENAR b). 
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Impact Assessment Criteria 


The criteria for rating impacts for seafloor composition are those described  in above sections. 


Impact Analysis Results 


It should be noted that environment inside the LSA is impacted by anthropogenic factors since the 
area has been an industrial zone and harbor facility for many years. The sea area interested by the 
Project is already disturbed by industry activities with evidence on some pollutants levels. 


Even if dredging is not scheduled, high incidence, during port construction activities, will have the 
sediment movements as consequence of the jetties and wharf building activities. On the basis of the 
available analysis the sediments are indicated in the national EIA as “non hazardous waste” (DENAR 
a - Annex 8 to PETKIM EIA Report). Therefore applying the precautionary approach, the sediment of 
an industrial harbour should be considered as potentially polluted (mainly hydrocarbon oils and 
different chemical compounds); therefore during the construction phase pollutants risk to be dispersed 
in the water with direct impact on turbidity and general quality of waters and accordingly with the 
surrounding seabed and hence obvious impact on biota.  


On the basis of data from the model sediment dispersion (Appendix 13)) two prevailing wind (and 
waves) directions SW and NE characterize the area. While NE direction simulation does not determine 
long-shore currents and hence no sediment transportations, the SW direction simulation may cause 
sediment transportation.  


As already reported for water conclusion, an increase in ship traffic could lead during years to new 
addiction of pollutants (e.g. hydrocarbons, heavy metals) on sediments. A negative gradient in 
pollutant concentration can’t be excluded away from port site.  


Construction activities as well as filling activities could cause an increase in the finest component of 
the grain size composition (silt and clay) of sediments; this in turn can affect benthonic fauna and flora. 


Mitigation 


Mitigation information is provided in above sections 


In addition, in particular to limit as much as possible the sediment dispersion during the construction 
phase, actions addressed to turbidity mitigation and to limit the pollutants dispersion are 
recommended.  


In particular classical systems like silt curtains and containment booms can be adopted during the 
construction activities. In addition to classic approach, one option that might be considered too, is to 
use a sleeve constructed of steel plate or silt screen in a box frame; the screen and frame would be 
suspended directly from the derrick and the clamshell or backhoe system used; this last option might 
be used to provide surface mitigation of turbidity (and pollutants, if any) if a full length curtain is not 
feasible due to the water depth.  


Especially the northern section of the study area, inhabited by posidonia and hard bottom communities 
should be protected by sediment dispersion. The wind and wave directions SW could cause a 
sediment accumulation on these habitats. 


Residual Impacts 


Impacts due to Chemical contamination, grain size and texture are predicted to be of moderate 
magnitude in the port area extension and of low magnitude in the surrounding LSA. Duration is 
expected at least at medium term and with high frequency. Environmental consequence is considered 
Low to Medium. 
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Table C.9.4-1: Residual impact classification for seabed composition  


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency 
Environmental 
Consequence  


Key Question Seawater: What effects will the Project (phase 1 and phase 2) have on seabed 
chemistry, grain size and texture? 


Negative low to 
Moderate Local Medium 


term No High Low to Medium 


 


Monitoring 


Monitoring is the only way to ensure that damage is kept to a minimum. It also provides valuable 
information on the success of the Project and can help in future decision-making.  


An annual monitoring with respect to pollutants levels on sediment is suggested, taking remedial 
action if necessary. The main chemical parameters should be monitored (e.g. heavy metals, polycyclic 
aromatic hydrocarbons (PAHs), polychlorobiphenyls (PCB)); physical parameters like granulometry is 
recommended too. Monitoring could be focused on the superficial level of sediment, therefore 
sampling could be collected by grab. 


Conclusions 


The findings of this ESIA have provided information on the nature and extent of impacts on seafloor 
arising from the Project. With regards the geologic/morphologic structure of the seabed no effects are 
predicted, while for the chemical composition, grain size and texture of the seabed sediment a 
moderate consequence is foreseen in terms of increase in contaminations of sediments with pollutants 
arising from, sediment movement during the construction activities,  port activity and traffic, and 
increasing of the finest component of the grain size composition and in turn on benthonic habitats. 


Monitoring with respect to pollutants levels on sediments is suggested during construction and 
operational phases, taking remedial action. 
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C.10 Costal Geomorphology And Marine Currents 


C.10.1 Introduction 


On this section a base survey of the geomorphology of the area is presented together with the 
baseline investigation and results of marine current regimes, sediment transportation and wind/wave-
costal interaction. 


C.10.2 Study Area 


The Local Study Area (LSA) for this component corresponds approximately with the entire Nemrut 
Gulf. Relevant to the sediment transportation and wind/wave-coast interaction is the shape of the bay 
and dominant directions in his morphology. 


C.10.3 Baseline Summary 


Methods 


General geomorphologic description is given starting from the observation of the territory together with 
some scientific literature information. 


Current regimes have been evaluated by ADCP (Acoustic Doppler Current Profiler) measurements in 
the same periods of the CTD data collection (January 2008, December 2010 and September 2010) 
and in the same locations (DENAR a - Annex 8 to PETKIM EIA Report). 


Sediment transportation is basically determined by the wave climate and its interaction with seabed 
and coast shape that form long-shore currents. Modeling has been calculated starting from a wave 
climate study that is derived from the wind regime (long-term records at Aliağa meteorology station). 
The study is been carried out by the Gazi University Marine Sciences Research and Implication 
Center within the Project studies (Balas, 2008). Sediment transport and sandblasting model Using this 
data, breaking heights, depths and angles of the offshore waves coming to the project area have been 
calculated and hence, also taking into consideration the possibilities of wave generation, the annual 
transport amount of solid matter according to the directions. 


Baseline Results 


Large Area Geomorphology 


At regional scale the coasts of Turkey are controlled by the geomorphology of the mainland, as well as 
the submarine relief of the sea basins surrounding the peninsula. Formations associated with fault 
lines characterise the submarine and coastal relief, particularly in the Aegean and Marmara Seas 
(Karaca and Nicholls, 2008). According to Erol (1990, 1991), the Turkish coast consists of three main 
types: (i) erosional rocky and softer cliff coastlines (5752 km or 69%), (ii) accretional sandy coasts 
(1546 km or 19%), (iii) accretional, partly swampy, deltaic coasts (1035 km or 12%). In this framework 
Nemrut gulf can be viewed as an embayment similar to many others in the eastern coast of Turkey, 
where coastline is very indented with many bay and inlet alternated with capes and promontories. 


Coastal morphology at LSA 
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At Local Study scale Nemrut Gulf is delimited to the north by a peninsula that verges the Gulf with 
steep cliffs in its southwest coastline (direction of coast is SE-NW). Morphology of the peninsula rises 
gradually on the direction of northwest and southeast starting from the sediment of Çökek Bay on 
which Petkim area takes place in the midst of peninsula. The sediment area lying on the direction of 
southwest-northeast towards Aliağa port from Çökek Bay divides the peninsula. This morphology 
developed under the effect of fault systems in the new tectonic period. Especially, young morphology 
developed under the effect of active and semi-active faults. Along this cost at limit of LSA is present a 
characteristic pocket beach. 


The inner part of the gulf is represented by the Çökek Bay with flat areas and gently  slope 
morphology, in this area is the mouth of a river. 


Volcanic sedimentary rocks, from Neogen period, are found on the coast line of the region. In the 
south part of the study area are present a filling layer with changing thickness, a partly gravel and 
slightly silty clay layer and rock tufa. 


 


Figure C.10.3-1 Nemrut Gulf geomorphology Sediment 


 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA- Final 215  
 


Current regimes and Coastal sediment transport 


Current measured by ADCP are delimitated to short periods and cannot be considered representative 
of long-period general circulation model. Anyway the local (low) velocities measured are strongly 
determined by the wind and atmospheric conditions that force the steams regimes. In this framework 
and considering the results of field surveys a very low dynamic of the bay can be deducted. The main 
currents measured in winter seems to follow counter clockwise circulation pattern with a west direction 
exit from the bay (this is in accordance with winter regional pattern) while in the summer currents 
seems to come from the open sea and come into the bay at both side (but with prevalent West 
provenance) and exit north way with a more complex and turbulent pattern but more or less anti 
clockwise in general. Velocities are in the range of 13-15 cm/s (DENAR a - Annex 8 to PETKIM EIA 
Report) 


Tides are in general small along the eastern Aegean coast (max 30-50 cm, Erol, 1990), while during 
storm condition mean tidal range may be as much as 122 cm in the Gulf of Izmir (Aykulu, 1952; in Erol 
1990) 


Waves are the most important item in controlling the sand transport over the shores and in 
determining the shore morphology, understanding the sand transport can be possible by determining 
the wave climate of that region. 


Along shore sand transport has been generated by means of currents, formed by wave diffraction. The 
simulation of these currents, generated through wave-effect, has been performed through the wave 
transformation study, that consisting of refraction, diffraction, shoaling and reflection events incurred 
by the waves while they headway from deep sea to shallow sea, generated by the wind-effect in the 
deep sea.  


The results of the wave climate study show two prevailing wind (and waves) directions: South-West 
(SW) and North-East (NE). Wave heights and periods for these directions (SW and NE) have been 
calculated, also possibilities of the occurrence of these wave heights within the year has been 
determined. 


While NE direction simulation does not determine long-shore currents and hence no sediment 
transportations, the SW direction simulation may cause a positive sediment transportation into the port 
area, and beside considering that the inner port is protected by the docks, some internal accumulation 
can be expected. The calculated average rate of accumulation is 2.2 cm/year (Balas, 2008). The result 
of the sediment transport model is available in the appendix 13 of the present report.  


The result of the wave climate study in the coastal part of the LSA shows two prevailing wind (and waves) 
directions: South-West (SW) and North-East (NE). According to the result of Balas (2008), the NE wind 
direction does not cause sediment transportation, while the SW could cause sediment transportation in 
certain periods. The calculated average rate of sediment accumulation is 2.2 cm/year. With wind blowing 
from SW, waves higher than 1,3 meters for 6 days in a year, higher than 1,0 meter for 8 days and higher 
than 0,5 meters for 22 days have been generated. The result of the sediment transport model is available in 
Appendix 13 of the present report. Two models have been calculated for wave heights and periods 
considering the NE or the SW directions, also possibilities of the occurrence of these wave heights within 
the year have been determined. 


Table C.10.3-1: The net sand amounts carried under the effect of the indicated wave heights 
and priods, for the direction of South West 


   South West (SW) Direction 


H % possibility 
Days 


 
Transported net sand amount  m3 (+ 


Deposit , - Scouring) 
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   South West (SW) Direction 


0,5 6 22 + 1,68 x10b 


1 2,2 8 + 3,21 x10b 


1,3 1,55 6 + 3,43 x10b 


 


 


C.10.4 Impact Assessment 


Issue Scoping 


� Potential issues associated with coastal morphology, current regimes and solid transport have 
been assessed considering the potential effects of jetty development on the specific conditions 
present in the Project area. The phase 1 and the phase 2 of the project forecast the construction 
of 4 jetties parallel each other located on the same stretch of coast (the jetties will be about 250 
m -350 m apart). As concerns the impact assessment on coastal morphology and solid transport, 
phase 1 and phase 2 of the Project are assessed together.   


These issues are: 


� Constructions foreseen in the Project involve filling of sea areas for the planned activities, other 
docks extension that are believed to have a potential effect on local current pattern.  


� Potential changes in current pattern may cause a change in coastal morphology with erosional or 
filling phenomena.  


Based on this issues, the key question for Current and Transport Sediment regimes has been defined 
as: 


� What effects will the Project (phase 1 and phase 2) have on current regimes and solid matter 
transport at project and LSA and effect on surrounding coastal geomorphology? 


Key Question Current regimes: What effects will the Project (phase 1 and phase 2) have on current 
regimes and solid transport at project and LSA, and effect on surrounding coastal geomorphology? 


Linkage Evaluation 


Even though the Project site already interested by the effect of structures on the current regimes since 
long time and Project construction and operational activities will occur on new areas, no changes is 
expected in the general current regimes. While at port scale (inner port) punctual phenomena of 
sedimentation or erosion can be expected due to the changes in the geometry even during 
construction and but mainly during the life cycle of the Project. These changes have been evaluated 
and therefore the linkage is valid and will be assessed further below.  


Impact Analysis Methods 


Direct and indirect impacts of the Project on current and sediment transport regimes from construction 
and operations phases, were evaluated through a qualitative and quantitative assessment of the LSA 
considering the data collected during the site survey (DENAR a) and simulation models (Balas, 2008). 
Both studies have been carried out within the Project studies. 
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Impact Assessment Criteria 


The criteria for rating impacts for seafloor composition are similar as described in section above 
section. 


Impact Analysis Results 


The model on current regimes and solid transport is calculated for baseline conditions, while qualitative 
considerations are used in order to assess the changes in the current regime for phase 1 and phase 2 of 
the Project. This strategy was chosen considering the low dynamic of the bay, the low sediment 
accumulation rate and the absence of dredging activities.  


In the light of the foregoing, it is seen that the dominant current structure of the region will not be 
affected by the Project and in turn do not have a coercive effect for the project condition due to the 
very low dynamic of the Project area. 


Different is the short-term sediment transport regime. As for the wind-wave climate study and 
modeling results a NE direction simulation does not determine long-shore currents and hence no 
sediment transportations, the SW direction simulation may cause a positive sediment transportation 
into the port area, and beside considering that the inner port is protected by the docks, some internal 
accumulation can be expected. The calculated average rate of accumulation is anyway very low in 
term of 2.2 cm/year (Balas, 2008).  


Different is the short-term sediment transport regime. As for the wind-wave climate study and modeling 
results a NE direction simulation does not determine long-shore currents and hence no sediment 
transportations; the SW direction simulation may cause a positive sediment transportation. Considering the 
prevalent SW wind-wave direction and the prevalent counter clockwise current, possible sedimentation 
areas along the jetties and the wharf have been identified. The potential sedimentation areas are shown in 
below Figure However, considering the current regime and low sedimentation rate of 2.2 cm/year (Balas, 
2008) the impact is expected to be limited. 
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Figure C.10.4-C.10.4-1 Potential Sediment Dispersion Areas 


Mitigation 


Since the sedimentation rate is low, it is not necessary to carry out a mitigative action in the immediate 
time, while a monitoring programme of maintenance (dredging) operation is enough to control whether 
any future actions (i.e. mitigation) should be taken. Appropriate frequency and extension have to be 
assessed; in any case a single beam (or multibeam) monitoring each year during the first 2-3 years 
and lather on each 2-3 years could be adequate.  


Residual Impacts 


Impacts due to the Project activities on Current and Solid matter transport regimes, as well for coastal 
geomorphology can be considered of negligible magnitude in short-time and very low at medium-term, 
with low frequency.  


Table C.10.4-1: Residual impact classification for Current and Solid matter transport  


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency 
Environmental 
Consequence  


Key Question Current regimes: What effects will the Project have on current regimes and solid 
transport at project and LSA, and effect on surrounding coastal geomorphology? 
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Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency 
Environmental 
Consequence  


Negative Negligible 
to very low 


Local 
Short to 
Medium 


term 
? Low Low 


 


Monitoring 


Monitoring is the only way to ensure that evolution is kept under control. It also provides valuable 
information on the success of the Project and can help in future decision-making. Monitoring with 
respect to coastline evolution, and inner port bathymetry time evolution is suggested.  


Appropriate frequency and extension have to be assessed; in any case about bathymetry a single 
beam (or multibeam) monitoring each year during the first 2-3 years and lather on each 2-3 years 
could be adequate.  


Conclusions 


The findings of this ESIA have provided information on the nature and extent of impacts on current 
regime, Solid matter transport and coastal geomorphology arising from the Project. With regards the 
currents no effects are predicted, about solid matter transport a minimum consequence is foreseen in 
terms of localized erosion and accumulation phenomena in the port area, while at LSA the coastal 
morphology impact is negligible. 


� Monitoring with respect to coastline evolution, as well as bathymetry port evolution may optimize 
in time construction in terms of frequency as well as in extension. 
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C.11 Climate And Meteorology 


C.11.1 Introduction 


This section presents the baseline methods and results for Meteorological and Climatic Features of 
the local study area. No impact assessment is conducted in this section; however the data are used 
for the assessments in other disciplines, especially air quality, in their impact assessments.  


C.11.2 Study Area 


The study area comprises the Project Site and 30km x 30km surrounding area including Dikili County 
located to the north of the Project Site.  


C.11.3 Baseline Summary 


Methods 


In the Local EIA report of the Refinery, data concerning wind, temperature and rainfall recorded by 
Dikili Meteorological Station, for the 1975-2008 period, were made use for determining meteorological 
and climatic conditions. The Dikili Meteorological Station, a body of General Directorate of State 
Meteorology Affairs (DMI), is situated in Dikili County which is approximately 30 km away from the 
Project Site. The locations of Dikili and the Project Site are given in Figure C.11.3-1  below. 
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Figure C.11.3-1 Locations of Project Site and Dikili 


Baseline Results 


General Climatic Condition 


The subject area is classified as a low-precipitation area in the Mediterranean Basin. The 
Mediterranean climate is characterized by warm to hot, dry summers and mild to cool, wet winters. 
 
Mediterranean climate can vary in areas due to factors like altitude, distance from the sea, and 
pressure. Winter precipitation is more influential on plant growth owing to less evaporation in the areas 
with Mediterranean climate. Average temperature in Mediterranean climate is below 15ºC in winters. 
Duration of temperature falling below 00C is very significant for plant growth. However this duration is 
below 3% of all cold days in a year in the subject area. Precipitations ensure that the sites away from 
rocky spaces remain green throughout the year. Annual precipitation values are 275 mm at the coast 
and 350 mm inland; and these values are sufficient for meeting the need for humidity in winter.  


The precipitation regime in the area is central Mediterranean precipitation regime. In this type of 
precipitation regime, an area receives rainfall mostly in fall and winter while summer is the driest 
season. The information concerning precipitation regime is of critical importance in the biology of the 
area. As a matter of fact, natural vegetation is directly affected by the distribution of rainfalls by 
seasons, in other words, whether any of the seasons is dry or not. This climate type is characterized 
by original Mediterranean vegetation series. 


In Dikili County, the lowest temperature was recorded as -6.8ºC in February and the highest 
temperature was recorded as 41.8ºC in July. Annual average temperature is 16.3ºC. It increases from 
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March to August and decreases from August to December. The coldest months are December, 
January and February while the hottest ones are July and August (DMİ, Dikili Meteorological Station 
Records). 


Monthly minimum, average and maximum temperature values obtained from data recorded in 1975-
2008 period in Dikili Meteorological Station are presented in below Tables. 


Table C.11.3-1: Dikili Meteorological Station - Normal Temperature Values (1975-2008) 


Months Maximum(*C) Average (*C) Minimum (*C) 


January 20.4 7.8 -5.6 


February 22.2 8.1 -6.8 


March 30.8 10.4 -5.4 


April 32.0 14.5 -1.2 


May 36.0 19.0 3.6 


June 38.0 23.7 8.2 


July 41.8 26.0 14.4 


August 41.0 25.4 14.3 


September 38.2 21.8 9.8 


October 32.2 17.4 2.8 


November 27.8 12.6 -1.0 


December 22.2 9.4 -3.3 


Annual 41.8 16.3 -6.8 
Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


As indicated in Table C.11.3-1:  above, average temperature varies between 7.8ºC (February) and 
26.0ºC (July). Annual average temperature is 16.3ºC. Temperature increases from March to August 
and decreases from August to December. The coldest months are December, January and February 
while the hottest one is July (26.0ºC). 


  
Precipitation and Evaporation Regime 


Distribution, quantity and type of precipitation are important since these factors affect pollutants’ wet 
deposit quantities. In the assessments, precipitation data recorded by Dikili Meteorological Station 
between 1975 and 2008 was used. Precipitation normals, precipitation changes and average and daily 
maximum precipitation values by seasons are presented below. 


As indicated in  Table C.11.3-2:  , annual average amount of precipitation at the area is 565.3 mm. 
Maximum amount of precipitation was observed on December (108.9 mm) while minimum amount 
was observed on August (2.1 mm). Maximum amount of daily precipitation was recorded in January 
(117.0 mm). 


 Table C.11.3-2:  Dikili Meteorological Station Precipitation Normals (1975-2008) 


 


Months Average Total Precipitation 
(mm) 


Daily Maximum 
Precipitation (mm) 


≥0.1 mm Number of  
Rainy Days 


January 91.2 117.0 10.4 
February 77.3 80.2 9.1 
March 65.6 47.8 8.0 
April 45.3 51.7 8.1 
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Months Average Total Precipitation 
(mm) 


Daily Maximum 
Precipitation (mm) 


≥0.1 mm Number of  
Rainy Days 


May 19.7 39.1 5.4 
June 10.0 62.8 2.1 
July 3.4 24.6 0.9 
August 2.1 13.6 0.6 
September 14.2 40.6 2.2 
October 37.5 74.4 5.1 
November 90.1 87.3 8.9 
December 108.9 73.0 11.2 
Annual 565.3 117.0 72.0 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


 


 


 
Source: Local EIA Report (General Directorate of State Meteorology Affairs) 


Figure C.11.3-2  Precipitation recorded at Dikili Meteorological Station (1975-2008) 


Wind speed and direction data from Aliağa Station for 2010 are given below.  
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Table C.11.3-3:  Total Number of Wind Blowing of Aliağa Meteorological Station According to 
Directions for 2010 year 


Directions I II III IV V VI VII VIII IX X XI XII Total 


N   192 183 514 571 137 317 647 409 150 406 206 203 3935 


NNE 981 201 809 910 133 284 993 1013 466 983 98 646 7517 


NE  711 279 269 241 149 247 196 375 408 661 137 500 4173 


ENE 258 213 168 180 209 231 89 255 148 230 173 266 2420 


E   244 431 274 152 199 286 44 353 148 249 282 437 3099 


ESE 69 116 172 89 185 282 21 223 144 111 264 182 1858 


SE  94 205 165 197 314 282 39 105 102 137 239 178 2057 


SSE 529 710 388 290 498 189 43 43 195 464 576 599 4524 


S   768 908 351 312 529 171 62 34 283 467 1315 900 6100 


SSW 314 240 252 195 372 185 75 30 224 197 363 155 2602 


SW  84 96 100 132 299 149 101 20 103 53 77 53 1267 


WSW 48 68 90 84 179 245 127 15 87 21 36 32 1032 


W   44 103 131 96 230 194 191 26 82 20 34 31 1182 


WNW 33 57 75 81 103 180 248 47 46 29 28 29 956 


NW  60 70 343 361 438 368 392 116 110 155 84 115 2612 


NNW 25 135 339 387 353 359 478 146 177 265 376 101 3141 
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Figure C.11.3-3 Wind Diagram for Aliağa Meterological Station (According to Total Number of 
Wind Blowing) 


Relative Humidity 


Average and minimum relative humidity values recorded at Dikili Meteorological Station between 1975 
and 2008 are presented in Table C.11.3-4: , and relative humidity changes are presented below. 
According to the information, annual average relative humidity is 73%, and the minimum relative 
humidity is 2% for the Meteorological Station. 


Table C.11.3-4:  Dikili Meteorological Station Relative Humidity Values 


Months I II III IV V VI VII VIII IX X XI XII 


Average 
Relative 
Humidity 


75,7 73,8 73,5 73,8 72,4 67,7 66,3 69,3 71,6 75,6 76,5 76,7 


Minimum 
Relative 
Humidity 


35 26 24 23 21 22 20 18 18 21 22 23 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Local Pressure 


Annual average pressure recorded at Dikili Meteorological Station in between 1975 and 2008 is 
1013.9 hPa. The highest pressure was observed on January with 1036.6 hPa, and the lowest 
pressure value was observed on January with 986.0 hPa. Average, highest and lowest values are 
presented in Table C.11.3-5:  and Figure C.11.3-4 . 


Table C.11.3-5:  Local Pressure Values measured at Dikili Meteorological Station (hPa) (1975-
2008) 


Months I II III IV V VI VII VIII IX X XI XII Annual 


Average 
Local 
Pressure 


1017.3 1016.5 1015.0 1012.5 1012.5 1011.1 1009.2 1009.8 1013.2 1016.1 1017.2 1017.3 1014.0 


Maximum 
Local 
Pressure 


1036.6 1033.8 1036.3 1030.8 1023.0 1019.8 1019.5 1017.8 1023.9 1026.5 1031.5 1035.5 1036.6 
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Months I II III IV V VI VII VIII IX X XI XII Annual 


Minimum 
Local 
Pressure 


986.0 987.1 990.8 996.7 1001.0 999.1 1000.8 1000.2 1000.9 1002.9 998.2 993.4 986.0 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


 
 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Figure C.11.3-4 Dikili Meteorological Station Relative Humidity Changes by Months 


Distribution of the Counted Days in the Area 


Counted day distribution values for additional weather parameters of the region are also obtained from 
data recorded between 1975 and 2008. Average number of snowy days is 0.12 and maximum snow 
depth is 4 cm and it was observed on December either. 


Maximum foggy days are observed on October with 0.04 average days; maximum hails was recorded 
on January, February, November and December with 0.12 average days, maximum frosty days was 
observed on January with 4.1 average days and maximum amount of thunderstorm was observed on 
January with 1.85 average days. 


Since there is no data regarding inversion days at Dikili Station, the assessments for foggy days were 
taken into account. 


Table C.11.3-6:  Counted Days and Annual Average Values (1975-2008) 


Months I II III IV V VI VII VIII IX X XI XII Annual 


Number of 
Snow Days 


0.4 0.4 0.2 - - - - 0.0 - - 0.1 0.2 1.3 


Number of 
Snow Cover 
Days 


0.1 - 0.0 - - - - - - - - 0.1 0.2 


Maximum Snow 
Depth 


3.0 - 3.0 - - - - - - - - 4.0 4.0 


Number of 
Foggy Days 


- - 0.1 - 0.0 0.0 0.0 0.1 0.1 0.2 - - 0.5 


Number of Hail 
Days 


0.1 0.1 0.1 - - - - - - - 0.1 0.1 0.5 


Number of 
Frosty Days 


4.1 3.2 1.0 0.1 - - - - - - 0.6 2.3 11.3 


Number of 
Thunder 
Stormy Days 


2.9 2.5 2.2 2.3 2.1 1.5 0.9 0.5 1.5 1.9 2.6 3.0 23.9 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA- Final 227  
 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Figure C.11.3-5 Dikili Meteorological Station, Distribution of Monthly Foggy Days (1975-2008) 


 


Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Figure C.11.3-6 Dikili Meteorological Station, Distribution of Monthly Hail Days (1975-2008) 
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Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Figure C.11.3-7 Dikili Meteorological Station, Distribution of Monthly Frosty Days (1975-2008) 


 
Source: Local EIA Report of the Refinery (General Directorate of State Meteorology Affairs) 


Figure C.11.3-8 Dikili Meteorological Station, Distribution of Monthly Thunder-stormy Days 
(1975-2008) 
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C.12 Air Quality 


C.12.1 Introduction 


Air impacts are one of the major potential impacts of refineries due to high emissions from power 
generating units, the number of thermal refining processes, and fugitive emissions from storage units, 
uncovered units and pipes-fittings. This section presents air quality baseline characterization and air 
impacts assessment during construction and operation phases of the Project.  


The Local EIA Report of Aegean Refinery was finalized and submitted to the former MoEF on 
November 26, 2009 and was approved by the Ministry with development consent. The study utilized 
as baseline data the results of the ambient air measurements previously conducted by Dokuz Eylül 
University for Petkim in 2007. Air impacts assessment in the scope of the Local EIA in 2009 was 
based on emission calculations and air quality modeling conducted using the USEPA ISCST3 
modeling software. The assessment was based on the preliminary conceptual design of the Project. 
The modelling was repeated by using   AERMOD in the light of the latest design changes in October 
2012. 


The air quality baseline data that were utilized by the Local EIA study and the outcome of the recent 
quality modeling conducted during that study were reviewed and summarized here for the assessment 
of air impacts. However, few additional measurements were conducted by Golder to support the 
available baseline data. Brief information about the air impact assessment included in the Local EIA is 
provided below: 


Baseline Information Utilized by Local EIA of the Refinery - Petkim Ambient Air Quality 


Measurements, 2007 


The ambient air measurements were conducted by Dokuz Eylül University for Petkim between June 
22 and August 17, 2007. The work included measurements at Petkim facilities and in the 
neighbourhood. Few of the measurement locations are in the STAR Project Site. Results of the 
measurements were included in the Local EIA report and utilized as baseline data. The measurement 
results are summarized in Section C.12.3: Baseline Summary and the assessment results are 
summarized in Section C.12.4: Impact Assessment in this report. The detailed baseline results are 
provided in Appendix 5, as provided in the Local EIA report. 


Air Impact Assessments in Local EIA through Emission Calculations and Air Modeling, 


2009 


Air impacts assessment in the scope of the Local EIA in 2009 was based on emission calculations and 
air quality modeling conducted by the USEPA ISCST3 modeling software. The overall study included: 


• particulate matter (PM10), settled dust and exhaust emissions calculations and dust 
dispersion modeling for the construction phase of the Project, and 


• Sulfur oxides (SOx), nitrogen oxides (NOx), and fugitive volatile organic carbon (VOC) 
emissions calculations and SO2 and NO2 dispersion modeling for the operation phase of the 
Project. 


The assessment results are summarized in Section C.12.4: Impact Assessment. The entire air 
quality modeling report prepared for the Local EIA is provided in Appendix 5. 


In addition, two other air studies recently conducted in the region were also included as part of 
this ESIA study. This additional information provides a broader baseline and impact 
assessment. Brief information on these studies that is presented below: 
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Petkim Air Quality Report, 2010 


The study was conducted by Dokuz Eylül University for renewal of Petkim’s emission permit. An air 
emission and ambient air quality monitoring program, including stack measurements at Petkim, and 
ambient air measurements at Petkim and the neighbourhood was conducted between November 6, 
2009 and January 7, 2010. An air quality report was prepared in 2009. As a supplement for that study, 
new stack emission measurements were conducted at Petkim in May 2010, and new ambient air 
quality measurements were conducted at Petkim Site and at the neighbourhood in April and May 
2010. The ambient measurement points included part of STAR Project Site. A new air quality 
modeling was conducted by using ISCST3 software, and assessment of the overall results of the two 
studies was done. The measurement results are summarized in Section C.12.3 – Baseline Summary 
and the assessment results are summarized in Section C.12.4: Impact Assessment. The entire air 
quality report is provided in Appendix 5. 


Aliağa Environmental Baseline and Assimilative Capacity Determination Project - 1st 


Interim Report, 2009 


A number of heavy industries such as a refinery, a petrochemical complex, iron and steel industries, 
power plants and ship dismantling plants exist in Aliağa region. All these industries have 
environmental impacts and the environmental conditions in the region are in decline. Moreover, 
potential capacity increases in the existing facilities as well as planned new investments, together with 
the new power plants needed, would increase the level of environmental impacts. A meeting was held 
on September 12, 2008 with the coordination of the former MoEF and the participation of public 
authorities and industries in Aliağa Region to discuss the situation. It was decided that a study was 
needed to determine the existing environmental status in the region, identify pollution sources, identify 
required mitigation measures to improve the situation, and determine the overall assimilative capacity 
for the planning of potential new investments. The scope of the study then was limited to determine 
only the existing air pollution level in the region, identify the pollution sources, determine the potential 
contribution of the planned industries to the existing air quality, and assessment of the existing and 
expected air quality with respect to the national environmental regulations.  


The study was conducted by Dokuz Eylül University Department of Environmental Engineering. The 
first phase of the study was planned as determination of existing air quality and future expected levels, 
and the second phase as monitoring. The first phase was completed in 2009 and the results were 
presented to all stakeholders and discussed with public participants in July 2009 


The study covered a 1,000 km2 area including Aliağa town in center; Aliağa Peninsula at west with 
Petkim and Tüpraş Refinery Facilities; Aliağa - Nemrut Heavy Industry Zone at south extending to 
Buruncuk Town; Çandarlı Town at north; and Manisa provincial boundaries at east.  


A number of emission measurements, ambient air quality measurements and quality assessment 
studies that were conducted by various parties in the region in the last five years were summarized 
and assessed, and dispersion modeling of the identified emissions was conducted by Calmet – 
Calpuff modeling for determination of the existing air quality. The results for the existing air quality 
levels are summarized in Section C.12.3: Baseline Summary in this report. Potential contribution levels 
of the planned new industries in the region, including the Project, were modeled based on expected 
emissions in preliminary project information. The results are summarized in Section F – Cumulative 
Effects Assessment. The entire report is provided in Appendix 5.5.3. 


Air Quality Modelling 2012, Envy 


The modelling was performed  by using  AERMOD in the light of the latest design changes in October 
2012.The results of this modelling study is presented in Appendix 6 and summarised in the following 
sections. 
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C.12.2 Study Area 


In the Turkish EIA procedure, air impact area is chosen by using the following principles:  


• The area with a radius from the center of the emissions to 50 times of the maximum stack 
height determined according to Regulation on Industrial Air Pollution (A1); 


• The square area with sides of 2 km from the center of emissions; for the plants where the 
effective height of emissions from the ground is less than 30 m (A2); 


• The square area with sides of 2 km with diffused emission sources in the center; if the surface 
distribution of the diffused emission sources is larger than 0.04 km2. 


The emissions caused by the refinery is given in the following chapters and Appendix 6. in detail. 
Exhaust gas will be converted to the fuel gas system by gas collection and compression system at the 
flares in the refinery. In case of incidental cases, gas will be burned under control and there is no NOx, 
SO2 and CO emission is expected to occur. The coordinates of the stacks and physical characteristics 
of the stacks are given in the following table and the figure. 


Table C.12.2-1: Stacks of Refinery and Characteristics of Stacks 


Name of Unit Stack 
No 


Coordinate Stack 
Height 


(m) 


Outlet 
Velocity of 
Stack Gas 


(m/sec) 


Stack 
Diameter 


(m) 


Outlet 
Temperature 
of Stack Gas 


(oC) 
X Y Z 


Hydrocracker (HCU) 1 493945 4294661 56 95.00  4.94 3.5 170 


Delayed Coker (DCU) 1 2 494094 4294655 42 75.00  4.01 2 170 


Delayed Coker (DCU) 2 3 494168 4294652 35 75.00  4.01 2 170 


Hydrogen Generation 
(HGU) 


4 493926 4294406 33 95.00  4.45 3 170 


Diesel Hydrotreater 
(DHT) 


5 493736 4294262 34 75.00  4.64 1.4 170 


Crude Oil Distillation 
(CDU)+ Vacuum 
Distillation (VDU) 


6 494198 4294368 24 95.00  5.41 4 170 


Kerosene 
Hydrotreater(KHT)1 


7 493841 4294160 27 75.00  4.87 0.8 170 


Kerosene 
Hydrotreater(KHT) 2 


8 493870 4294137 26 75.00  4.93 0.7 170 


Natural Gas (NGU) 9 493995 4294189 23 75.00  3.97 0.4 170 


Boiler 10 494066 4294154 18 95.00  4.10 3 170 


Reformer (CCR) 11 493742 4294072 27 95.00  4.98 4 170 


Sulfur Recovery 12 493928 4293932 16 75.00  4.02 1.2 170 


Naphtha Hydrotreater 
(NHT)1 


13 493655 4293935 15 75.00  4.07 0.8 170 


Naphtha Hydrotreater 
(NHT)2 


14 493688 4293917 23 75.00  4.45 1 170 


Naphtha Hydrotreater 
(NHT)3 


15 493723 4293895 22 75.00  5.09 1 170 
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Figure C.12.2-1 Presentation of Stack Locations to be established in Operation Phase of the 
Refinery on the Layout Plan 


C.12.3 Baseline Summary 


Methods 


In this ESIA, assessment of baseline ambient air quality was undertaken using the following 
methodology: 


• Review of the baseline information utilized by Local EIA, i.e. Petkim Air Quality Measurements, 
2007; 


• Review of the other air baseline studies conducted in the region: 
o Petkim Air Quality Report, 2010 
o Aliağa Environmental Baseline and Assimilative Capacity Determination Project - 1st Interim 


Report, 2009 
• Additional air measurements at the Project Site and the LSA during ESIA studies; and 
• Overall assessment of previous baseline studies and the result of the recent measurements 


conducted for this ESIA. 


Baseline Information Utilized by Local EIA - Petkim Air Quality Measurements, 2007 


The measurements were conducted by Dokuz Eylül University in Petkim area and close surroundings 
for 9 weeks between June 22, 2007 and August 17, 2007. The work included SO2, NO2 and VOC 
measurements at 23 different locations by passive sampling - diffusion tube method. It was reported 
that the measurement points were chosen so that they are the most representative for the ambient 
conditions regarding Petkim’s emissions, located away from the stagnant points and at the locations 
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that could be affected by the wind and emissions. Few of sampling locations are in the Project Site. 
Sampling locations and measured parameters are indicated in Figure C.12.3-1 . 


No. Location Measured 
Para-


meters 


1 T101 Fuel Oil Tank  
(Project Site) 


SO2 
 


NO2 
 


VOC 


2 Petkim Units 
3 T601 B Naphtha Tank  


(Project Site) 
4 Petkim Units 
5 Dock 5  (Petkim Port) 
6 Between of Dock 1 and 


2  (Petkim Port) 
7-14 Petkim Units 
15 Railways Directorate - 


TCDD Biçerova Station 
- Olive Trees 


16 Petkim Lodgments - Site 
1  


17 Petkim Çayağzı 
Entrance 


18 Aliağa Government 
Office - Fishing Port 


19 Aliağa Public Hospital 
20 Crossroad of Former 


SSK Hospital  
21 Former Gendarme 


Building 
22 Nemrut Port (Nemrut 


Industrial Zone) 
23 TCDD Biçerova Station 


- Warehouse 


Figure C.12.3-1 Measurement Locations in Petkim Air Measurement Study, 2007 (Used by Local 
EIA) 
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Petkim Air Quality Report, 2010 


The study was conducted by Dokuz Eylül University in Petkim area and close surroundings in 8 weeks 
in April and May 2010. An air measurement work including stack measurements at Petkim, and 
ambient air measurements at Petkim and the neighbourhood was conducted between November 6, 
2009 and January 7, 2010. An air quality report was prepared in 2009. As a supplement for that study, 
new stack emission measurements were conducted at Petkim in May 2010, and new ambient air 
quality measurements were conducted at Petkim Site and at the neighbourhood in April and May 
2010. The ambient measurement points included part of STAR Project Site. The following 
measurements were completed in the scope of the study: 


• SO2, NO2 and VOC measurements at 12 points; 
• PM10 measurement  at one point; and  
• Settled dust measurement and sampling at 2 points.  


Sampling locations and measured parameters are indicated in Figure C.12.3-2 .  


No.  Measured 
Para-
meters 


1 Petkim Lodgments 


SO2 
 


NO2 
 


VOC 


2 Power Plants Area 
3 Aliağa Town 
4 Aliağa Town 
5 Northwest of Aliağa 


Peninsula 
6 Petkim Site 
7 Petkim Site 
8 Project Site 
9 Petkim Site - Port 
10 Petkim Site 
11 Petkim Site 
12 Nemrut Industrial Zone 


PM10 Petkim Site, Near port site PM10 
CT1 Port Settled 


Dust 
CT2 Project Site Settled 


Dust 


Figure C.12.3-2 Measurement Locations in Petkim Air Measurement Study, 2010 
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Aliağa Environmental Baseline and Assimilative Capacity Determination Project, 2009  


The study was conducted by Dokuz Eylül University to determine the existing air pollution level in the 
region, identify the pollution sources, determine the potential contribution of the planned industries to 
the existing air quality, and assessment of the existing and expected air quality with respect to the 
national environmental regulation. The first phase of the study was planned as determination of 
existing air quality and future expected levels, and the second phase was planned as monitoring. The 
first phase that was completed in 2009 included the following works: 


• Determination of: Stack and non-stack (fugitive) emissions from the existing industries (based 
on existing measurements and emission factors), emissions at Nemrut industrial zone 
generated by highway traffic, emissions generated by domestic heating; 


• Preparation of: Existing pollution maps through dispersion modeling, pollution maps for different 
scenarios for the cases of reducing existing emission levels and/or establishment of new 
facilities; 


• Assessment of: Air quality levels measured by various studies and determined by dispersion 
modeling, with respect to the national existing and expected regulations; and 


• Determination of: Number and locations of monitoring stations for regional air quality monitoring. 


The study covered a 1,000 km2 area including Aliağa town center; Aliağa Peninsula at west with 
Petkim and Tüpraş Facilities; Nemrut industrial zone at south extending to Buruncuk Town; Çandarlı 
Town at north; and Manisa provincial boundaries at east, as indicated in Figure C.12.3-3 . 


 


Figure C.12.3-3 Study area in Aliağa Environmental Baseline Study 


The detailed regional air quality baseline assessment was conducted with the following methodology: 


• Emission inventory for the following sources: 


o Existing 80 industrial facilities, through the collection of production, fuel and stack information by 
questionnaires followed by calculations of expected emissions, and through the results of the 
measurements that were conducted by the University to-date, 


o Domestic heating, through the identification and calculation of consumed natural gas and coal in 
Aliağa town and 17 villages around, 


o Traffic, through the identification of existing traffic load, calculation of exhaust emissions from 
vehicles, and calculation of the dust dispersed from roads during transportation, and 


o Loading/unloading activities (for fugitive particulate matter emissions), through the calculation of 
PM10 emissions from stock piles and roads. 
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• Dispersion modeling for the identified emissions by Calmet-Calpuff model. A meteorological 
grid system of 120x130km area, meteorological data from 12 different regional stations (state and 
industry), and a modeling grid system of 31x34km area was utilized.  


The following sources were used as model input: (1) Point emission sources - A total of 95 stacks 
of various industries; (2) Aerial sources - Aliağa town center and the villages around; 38 pile 
storage areas mostly used by iron and steel industries; and 21 major loading/unloading areas; and 
(3) Linear sources - 131 roads including İzmir-Çanakkale highway, Yenifoça highway, number of 
minor roads used by industries.  


• Assessment of existing air quality monitoring studies that were conducted in the region in 


the last five years. A number of air measurement and assessment studies were conducted by 
universities and other parties. Measured and modeled parameters in those studies varied based on 
the industry types. Among those studies, results of the following measurements were mostly used 
for the assessment: 


o A research study sponsored by TÜBİTAK (Turkish Scientific and Technical Researches 
Institute) and jointly carried out by Dokuz Eylül University, Middle East Technical University and 
İzmir High Technology Institute. Measurement locations are illustrated in Figure C.12.3-4 . 


� SO2 NO2 and O3 measurements by Tuncel vd (2008) at 49 points around Aliağa town 
between 2005 and 2007 (in one week periods), 


 


 


Figure C.12.3-4  Measurement Points in TUBİTAK Baseline Study, 2005-2008 


� PM10 measurements by Tuncel vd (2008) at two points in Aliağa town and Horozgediği area 
by continuous measurement devices in 2008. 


o Measurement works carried out by Dokuz Eylül University (DEU) in different periods: 


� SO2 and NO2 measurements by DEU at 17 points in Aliağa town and the vicinity of Tüpraş 
Refinery, between December 2005 and March 2006 (in one week periods), 


� SO2 and NO2 measurements by DEU at 23 points at Petkim site, the vicinity and the region 
between June and August 2007 (utilized by Local EIA) (in one week periods), and 


 


Selected points by 


Golder (similar 


locations with the 


other baseline 


studies) 
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� SO2 and NO2 measurements by Bayram vd. (2008) at 27 points in Aliağa Heavy Industry 
Zone between February 2007 and April 2008 (in one week periods). 


� PM10 measurements and settled dust, Pb and Cd sampling by Bayram vd. (2008) at 9 
points around iron and steel industries in Aliağa Heavy Industry Zone between March and 
April 2007 by continuous measurement devices. 


Additional Air Measurements Conducted by Golder for this ESIA Study, 2010 


Within the ESIA studies, Golder conducted the field measurements listed below to support the 
baseline data included in the Local EIA in the following items: 


• PM10 measurements at two locations, one at the Project Site and one at Petkim lodgment area,  


• Settled dust measurements at two locations, one at the Project Site and one at Petkim lodgment 
area, and 


• NOx and SO2 measurements around Bozköy Area, 10 km south of the Project Site, where the 
predicted contribution levels of the Project for these parameters, as a result of air dispersion 
modeling in the Local EIA, were close to the limits for vegetation. 


Measurement locations in Golder’s study are shown in Figure C.12.3-5 . 
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Figure C.12.3-5 Measurement Locations in Golder Measurements, 2010 


Short term measurements (montly) were conducted in scope of this study in order to use as an 
indication for the pollution load in the vicinity of the LSA. The following section provides a summary of 
the baseline results for the LSA. The summary focuses on those results that are important as a basis 
to assess impacts from the Project. 


Baseline Results 


The current ambient air quality in the LSA is impacted by the existing industrial facilities and domestic 
heating. The industrial facilities include Petkim Petrochemical Complex facilities at the eastern-
southern neighbourhood of the Project Site, Tüpraş Refinery facilities at the northern-northeastern 
neighbourhood, Nemrut Heavy Industry Zone at south (across the Nemrut Bay) where iron and steel 
industries and Enka Natural Gas Combined Cycle Power Plant are located., and several fuel and LPG 
storage – filling facilities at south-east.  


As mentioned above, findings of the following studies were reviewed for the assessment of baseline 
ambient air quality in this ESIA: 


• Baseline information utilized by Local EIA - Petkim Air Quality Measurements, 2007; 
• Petkim Air Quality Report, 2010; 
• Aliağa Environmental Baseline and Assimilative Capacity Determination Project - 1st Interim 


Report, 2009; and 
• Additional air measurements conducted by Golder at the Project Site and the LSA for this ESIA 


study. 


For a better comparison and understanding, locations of the measurement points in the 
abovementioned four studies were grouped as follows: 


1. Project Site, 
2. Petkim Plant Area, 
3. Petkim Port, 
4. Petkim Lodgments and vicinity (closest settlement), 
5. Northwest Aliağa Peninsula, 
6. Aliağa Town,  
7. Nemrut Heavy Industry Zone, 
8. East to Nemrut Bay – İzmir-Aliağa Highway, and 
9. Bozköy Area (where SO2 and NO2 values were close to the limits for vegetation according to 


the Local EIA dispersion model). 


The compiled baseline results were compared with the relevant Turkish regulations and IFC 
Guidelines. 


Regulatory Requirements for Ambient Air Quality 


The Regulation on Air Quality Assessment and Management (RAQM) (issued on July 3, 2009) 
provides present and future target air quality limits for human health and vegetation. Annex-I of the 
Regulation provides target ambient air quality values for human health and ecosystem for after 
January 1, 2014; and Annex-I-A provides values for the period of January1, 2008 - January1, 2014. 
Turkish Regulation on Industrial Air Pollution (issued on June 6, 2008) provides ambient air quality 
limits for human health and vegetation for the period of 2008 – 2014. The Regulation also provides 
emission limits and required mitigation measures for the industries in Annex-1-12.  


IFC General EHS Guidelines - Environmental Air Emissions and Ambient Air Quality refers to 
WHO Ambient Air Quality Guidelines for recommended values, to be used in the absence of 
national standards. WHO Air Quality Guidelines for Europe, 2000 includes values also for sensitive 
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vegetation and ecosystem. IFC EHS Guidelines for Petroleum Refining provides emission limits for 
refineries; but does not provide specific ambient air quality limits, instead, refers to WHO Air Quality 
limits for the ambient air quality.  


Turkish and IFC – WHO guideline values for the ambient air quality are presented in Section A.2 Table 
A.2-9: . 


Regulation on Industrial Air Pollution - Annex-2 Table 2.3 provides limits for ambient VOC limits for 
petrochemical facilities, refineries, and petroleum and fuels storage facilities to be complied with in the 
plant areas, as provided in Section A.2 Table A.2-10: .  


Regulation on Industrial Air Pollution - Annex-5 provides specific limits and measures for the 
emissions from refineries and oil/fuel storage facilities in sections L) Group 12: Petroleum Refineries 
and Storage Facilities, and Y) Group 22: Crude Oil, Oil and Fuel Filling and Storage Facilities. Section 
Y) Group 22 provides ambient air quality levels for fugitive organic compounds (VOC) for crude oil, oil 
and fuel filling and storage facilities to be complied with in the plant impact area, as provided in 
Section A.2 Table A.2-11: .  


Results of Baseline Measurements 


Summarized results of the abovementioned baseline studies with respect to the regions identified 
above and relevant Turkish and IFC limits for ambient air quality are presented in Table C.12.3-1: . 
The measured values included in the table are the averages of all measurements in the relevant 
measurement period for that location, i.e., long term values. Entire measurement and study reports 
are provided in Appendix 5.  


Overall compliance status with respect to the regions identified above is summarized in Table 
C.12.3-2: , Table C.12.3-3 and Table C.12.3-4. 
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Table C.12.3-1: Comparison of Baseline Values – Compliance with Regulatory Requirements 


Parameter Location Baseline Levels  (Measurements and Modeled Values) Turkish Regulatory Limits 


 


IFC Guideline Values (WHO) 


Local EIA - Petkim 2007 
Measurement 


Petkim, 2010 
Measurement 


Golder 2010 
Measurement 


Aliaga Regional Env. Project, 2009 
 (2005-2010) 


Regulation on Industrial Air Pollution Control,  and 
Regulation on Air Quality Assessment and 
Management 


˟ Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on 
Ambient Air Quality and Cleaner Air For Europe 


WHO General Guidelines WHO European 
Guidelines   


Point Measured LTV 
(weekly 
average of 9 
semmer weeks 
measurements) 


Point LTV Measured 
(weekly 
average of 8 
spring weeks) 


Point Measured 
values  


Point Measured LTV 
weekly average of 
3 winter and 2 
summer weeks 


Modeled 
Value 
from all 
Existing 
Sources 


Hou
rly 


24 Hr 
Average 


Long Term 
Average 
yearly 


for Ecosystem: 
Annual and 
Winter average 


Hourly 24 hr Yearly for Ecosystem 


SO2 
(µg/m3) 


Project Site 1 
3 


120 
48 


8 54     16 85 36.0 - 40.0 900 
(20
13) 
 
350 
(20
19)˟ 
(not 
to 
exc
eed 
mor
e 
tha
n 
24 
time
s a 
yea
r)  


 


250 
(2013) 
 
125 
(2019)˟ 


( not to 
exceed 3 
times a 
year) 


150 (2013) 20 (2013) 
 
20 (2014)˟ 


  125 (int 
target-1) 
50 (int 
target-1) 
20 
(guideline) 


  20 (forest & natural 
vegetation) 
 
30 (crops) Petkim Plant 


Area 
2 
4 
7 
8 
9 
10 
11 
12 
13 
14 
21 


301 
161 
142 
201 
112 
144 
150 
34 
26 
28 
7 


6 
7 
9 
10 
11 


35 
47 
51 
62 
60 


    11 115 41.0 - 52.0 


Petkim Port 5 
6 


98 
127 


9 51     18 51   


Petkim 
Lodgements and 
Vicinity 


16 15 
28 


1 42     17 35 16.0 - 20.0 


Northwest Aliağa 
Peninsula 


17 15 5 38     6 11 6.0 - 10.0 


Aliağa Town 18 
19 


28 
24 


3 
4 


39 
40 


    7 
12 
13 
14 


16 
26 
17 
13 


26.0 -30 .0 
31.0 - 35.0 


Nemrut Heavy 
Industry Zone 


22 13 12 46     30 
57 


14 
11 


11.0 - 15.0 


East to Nemrut 
Bay – Highway 


23 
15 


21 
12 


2 48     19 22 11.0 - 15.0 


Bozkoy, forestry 
area 


        Bozk
öy 


13   15   
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Parameter Location Baseline Levels  (Measurements and Modeled Values) Turkish Regulatory Limits 


 


IFC Guideline Values (WHO) 


Local EIA - Petkim 2007 
Measurement 


Petkim, 2010 
Measurement 


Golder 2010 
Measurement 


Aliaga Regional Env. Project, 2009 
 (2005-2010) 


Regulation on Industrial Air Pollution Control,  and 
Regulation on Air Quality Assessment and 
Management 


˟ Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on 
Ambient Air Quality and Cleaner Air For Europe 


WHO General Guidelines WHO European 
Guidelines   


Point Measured LTV 
(weekly 
average of 9 
semmer weeks 
measurements) 


Point LTV Measured 
(weekly 
average of 8 
spring weeks) 


Point Measured 
values  


Point Measured LTV 
weekly average of 
3 winter and 2 
summer weeks 


Modeled 
Value 
from all 
Existing 
Sources 


Hou
rly 


24 Hr 
Average 


Long Term 
Average 
yearly 


for Ecosystem: 
Annual and 
Winter average 


Hourly 24 hr Yearly for Ecosystem 


NO2 
(µg/m3) 


Project Site 1 
3 


17 
11 


8 9     16 22 9.0 - 10.0 200 
(20
24)˟ 
(not 
to 
exc
eed 
18 
time
s a 
yea
r) 


300 
(2013)˟ 


60 (2013) 
 
40 (2024)˟ 


30 (NOx - 
2014)˟ 


200   40 30 


Petkim Plant 
Area 


2 
4 
7 
8 
9 
10 
11 
12 
13 
14 
21 


27 
36 
26 
27 
23 
27 
30 
15 
15 
17 
5 


6 
7 
10 
11 


13 
14 
12 
11 


    11 34 13.0 - 16.0 
17.0 - 20.0 


Petkim Port 5 
6 


27 
29 


9 17,0     18 25   


Petkim 
Lodgements and 
Vicinity 


16 12 
11 


1 11     17 10 9.0 - 10.0 


Northwest Aliağa 
Peninsula 


17 10 5 4     6 8 3.0 - 4.0 


Aliağa Town 1819 1412 34 810     7,12, 
13, 
14 


27,18,23,7 7.0 - 
8.0,11.0 , 
12.0 


Nemrut Heavy 
Industry Zone 


22 11 12 19     30 
57 


26 
25 


17.0 - 20.0 


East to Nemrut 
Bay - Highway 


15 
23 


9 
22 


2 12     19 38 11.0 - 12.0 


Bozkoy, forestry 
area 


        Bozk
öy 


NO2 29  
NOx 35  


  16   


PM10 Project Site         1 30     11.0 - 50.0   100 
(2013) 


60 (2013) 
 


      20   
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Parameter Location Baseline Levels  (Measurements and Modeled Values) Turkish Regulatory Limits 


 


IFC Guideline Values (WHO) 


Local EIA - Petkim 2007 
Measurement 


Petkim, 2010 
Measurement 


Golder 2010 
Measurement 


Aliaga Regional Env. Project, 2009 
 (2005-2010) 


Regulation on Industrial Air Pollution Control,  and 
Regulation on Air Quality Assessment and 
Management 


˟ Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on 
Ambient Air Quality and Cleaner Air For Europe 


WHO General Guidelines WHO European 
Guidelines   


Point Measured LTV 
(weekly 
average of 9 
semmer weeks 
measurements) 


Point LTV Measured 
(weekly 
average of 8 
spring weeks) 


Point Measured 
values  


Point Measured LTV 
weekly average of 
3 winter and 2 
summer weeks 


Modeled 
Value 
from all 
Existing 
Sources 


Hou
rly 


24 Hr 
Average 


Long Term 
Average 
yearly 


for Ecosystem: 
Annual and 
Winter average 


Hourly 24 hr Yearly for Ecosystem 


(µg/m3) Petkim Plant 
Area 


              
  


11.0 - 50.0  
50 
(2019)˟ 
(not to 
exceed 
more 
than 35 
time a 
year) 


40 (2019)˟ 


 
Petkim Port     PM10 47           


Petkim 
Lodgements and 
Vicinity 


        2 30     51 - 100.0 


Northwest Aliağa 
Peninsula 


                11.0 - 50.0 


Aliağa Town             PM1
0-1 


61 11.0 - 50.0 


Nemrut Heavy 
Industry Zone 


            PM1
0-2 


85 51.0 - 
100.0 


East to Nemrut 
Bay 


                101.0 - 
250.0 


Settled dust 
(deposition) 
(µg/m2-day) 


Project Site 
(Petkim Cable 
Warehouse) 


    CT2 228 1 71         390 
(2013)˟ 


210 (2013)˟       -   


Petkim Port     CT1 240           


Petkim 
Lodgements and 
Vicinity 


        2 57       


CO µg/m3 Project Site                     10 (2013) 
 
10-max 
(2017)˟ 


10 (2013) 
 
 


          


Petkim Plant 
Area 


                  


Petkim 
Lodgements and 
Vicinity 


                  


Northwest Aliağa 
Peninsula 
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Parameter Location Baseline Levels  (Measurements and Modeled Values) Turkish Regulatory Limits 


 


IFC Guideline Values (WHO) 


Local EIA - Petkim 2007 
Measurement 


Petkim, 2010 
Measurement 


Golder 2010 
Measurement 


Aliaga Regional Env. Project, 2009 
 (2005-2010) 


Regulation on Industrial Air Pollution Control,  and 
Regulation on Air Quality Assessment and 
Management 


˟ Directive 2008/50/EC of the European 
Parliament and of the Council of 21 May 2008 on 
Ambient Air Quality and Cleaner Air For Europe 


WHO General Guidelines WHO European 
Guidelines   


Point Measured LTV 
(weekly 
average of 9 
semmer weeks 
measurements) 


Point LTV Measured 
(weekly 
average of 8 
spring weeks) 


Point Measured 
values  


Point Measured LTV 
weekly average of 
3 winter and 2 
summer weeks 


Modeled 
Value 
from all 
Existing 
Sources 


Hou
rly 


24 Hr 
Average 


Long Term 
Average 
yearly 


for Ecosystem: 
Annual and 
Winter average 


Hourly 24 hr Yearly for Ecosystem 


Aliağa Town                   


Nemrut Heavy 
Industry Zone 


                  


East to Nemrut 
Bay - Highway 


                  


Volatile 
organic 
compounds 
(as carbon) 


Project Site 1 
3 


1,238 
2,841 


8 201             For 
impact 
area :70 
(2013) 


For 
project 
site 
vicinity : 
800 


For project 
site vicinity : 
500 


          


Petkim Plant 
Area 


2 
4 
7 
8 
9 
10 
11 
12 
13 
21 


2,257 
1,766 
1,499 
3,280 
415 
1,078 
13,045 
4,427 
13,541 
140  


6 
7 
9 
10 
11 


179 
184 
215 
225 
235 


          


Petkim Port 5 
6 


514 
593 


9 215           


Close to Petkim 
Lodgement 


16 288 
776 


1 76           


Northwest 
Peninsula 


17 1.694 5 84           


Aliağa Town 18 
19 


154 
261 


3 
4 


26 
32 


          


Aliağa - Nemrut 
Heavy Industry 
Zone 


20 116 12 55           


East to Nemrut 
Bay - Highway 


15 
23 


250 
180 


2 106           


measurements at similar locations of the different measurement studies were selected to represent a receptor area and to have a comparison. 
Turkish Regulation Limits given for the period after 2012 are in compliance with relevant EU Directives 
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Table C.12.3-2: Compliance Status of Measured Present SO2 Levels in the Region 


Location Turkish limits for human health 


24 hr - 250 µg/m3  (2014); 125 µg/m3  (2019)  


(LTL yearly - 150 µg/m3  2008) 


IFC/WHO limits for human health 


24 hr value - 125 µg/m3  (Interim target-1);    50 µg/m3  (Interim target-2) 


20 µg/m3  (guideline) 


Turkish and WHO limits for ecosystem 


Yearly - 20 µg/m3  (2014 forward)  


(for forests and natural vegetation) 


Local EIA Rep. - 
Petkim 2007 


Petkim 
2010 


Regional Env. 
Prj,  


2005-2007 


Golder 
2010 


Local EIA Rep. - Petkim 
2007 


Petkim 2010 Regional Env. Prj,  


2005-2007 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Regional Env. 
Prj,  


2005-2007 


Golder 
2010 


Project Site    Na • 1value (50%) 
exceeded interim 
target-2  


• All values (100%) 
exceeded eventual 
guideline 


• 1 value (100%) 
exceeded interim 
target-2 


• 1 value (100%) 
exceeded 
eventual 
guideline 


• 1 value (100%) 
exceeded interim 
target-2 


• 1 value (100%) 
exceeded 
eventual 
guideline 


na • 2 values 
(100%) 
exceeded  


• 1 value 
(100%) 
exceeded  


• 1 value 
(100%) 
exceeded  


na 


Petkim Plant 
Area 


• 1value 
(12%) 
exceeded   
2014 limit 


• 6values 
(54%) 
exceeded 
2019 limit 


• 4values 
(36%) 
exceeded    
LTL for 
2008 


  Na • 6values (54%) 
exceeded interim 
target-1 


• 8values (73%) 
exceeded interim 
target-2 


• 10values (90%) 
exceeded eventual 
guideline 


• 3 values (60%) 
exceeded interim 
target-2 


• 5 values (100%) 
exceeded 
eventual 
guideline  


• 2 values (100%) 
exceeded interim 
target-2 


• 2 values (100%) 
exceeded 
eventual 
guideline 


na • 10values 
(90%) 
exceeded   


• 5 values 
(100%) 
exceeded  


• 2 values 
(100%) 
exceeded  


na 


Petkim 
Lodgments 
vicinity 


   Na • 1value (50%) 
exceeded eventual 
guideline 


• 1value (100%) 
exceeded 
eventual 
guideline 


• 1value (100%) 
exceeded 
eventual 
guideline 


na • 1value 
(50%) 
exceeded       


• 1value 
(100%) 
exceeded  


• 1value 
(100%) 
exceeded  


na 


Northwest 
Aliağa 
Peninsula 


   Na  • 1 value (100%) 
exceeded 
eventual 
guideline 


 na  • 1 value 
(100%) 
exceeded  


• 1 value 
(100%) 
exceeded  


na 


Aliağa Town    Na • 2 values (100%) 
exceeded eventual 
guideline 


• 2 values (100%) 
exceeded 
eventual 
guideline  


• 1 value (25%) 
exceeded 
eventual 
guideline 


na • 2 values 
(100%) 
exceeded  


• 2 values 
(100%) 
exceeded  


• 2 values 
(100%) 
exceeded  


na 
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Location Turkish limits for human health 


24 hr - 250 µg/m3  (2014); 125 µg/m3  (2019)  


(LTL yearly - 150 µg/m3  2008) 


IFC/WHO limits for human health 


24 hr value - 125 µg/m3  (Interim target-1);    50 µg/m3  (Interim target-2) 


20 µg/m3  (guideline) 


Turkish and WHO limits for ecosystem 


Yearly - 20 µg/m3  (2014 forward)  


(for forests and natural vegetation) 


Local EIA Rep. - 
Petkim 2007 


Petkim 
2010 


Regional Env. 
Prj,  


2005-2007 


Golder 
2010 


Local EIA Rep. - Petkim 
2007 


Petkim 2010 Regional Env. Prj,  


2005-2007 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Regional Env. 
Prj,  


2005-2007 


Golder 
2010 


Nemrut Heavy 
Industry Zone 


   Na    na  • 1 value 
(100%) 
exceeded  


• 1 value 
(33%) 
exceeded  


na 


East to Nemrut 
Bay 


   Na  • 1 value (100%) 
exceeded 
eventual 
guideline 


• 1 value (100%) 
exceeded 
eventual 
guideline 


na • 1value 
(50%) 
exceeded       


• 1value 
(100%) 
exceeded  


• 1 value 
(25%) 
exceeded  


na 


Bozköy Area, 
forestry 


            


 


Blank cells: No exceedance in measurement results na: No measurement available 
(*)  For Aliağa Regional Environmental Project, the TUBİTAK Research was used (for which the measurement locations are known). Among the 49 measurement points of, the measurements at similar locations with the other measurement studies were selected to have a comparison. 
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Table C.12.3-3: Compliance Status of Measured Present NO2 Levels in the Region 


Location Turkish limits for human health 


Hourly - 200 µg/m3 (2024);  


Yearly - 60 µg/m3 (2014); 40 µg/m3 (2024) 


IFC/WHO limits for human health 


Hourly - 200 µg/m3 (guideline);  Yearly 40 µg/m3 (guideline) 


Turkish and WHO limits for ecosystem 


Yearly - 30 µg/m3  (2014 forward)  


(for forests and natural vegetation) 


Local EIA Rep. - 
Petkim 2007 


Petkim 
2010 


Aliağa Reg. Env. 
Project, 2005- 2007 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Aliağa Reg. Env. 
Project, 2005- 2007 


(TÜBİTAK) 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Aliağa Reg. Env. 
Project, 2005- 2007 


Golder 
2010 


Project Site    na        na 


Petkim Plant 
Area 


• 1value 
(12%) 


close to 
yearly 


limit for 
2024 


(36/40) 


  na • 1value (12%) 
close (36/40) 
to guideline 


  Na • 2 values 
(20%) 


exceeded  


• 3 values 
(33% close 


to limit 
(27/30) 


 • 1 value 
(50%) 


exceeded  


na 


Petkim 
Lodgments 


vicinity 


   na    Na    na 


Northwest 
Aliağa 


Peninsula 


   na    Na    na 


Aliağa Town    na    Na   • 1 value 
(25% close 


to limit 
(27/30) 


na 


Nemrut Heavy 
Industry Zone 


  • 1value 
(33%) 


exceeded 
yearly limit 


na   • 1value (33%) 
exceeded 
guideline 


Na   • 1 value 
(33%) 


exceeded  


na 


East to Nemrut 
Bay 


  • 1value 
(100%) 
close to 


yearly limit 
for 2024 
(38/40) 


na   • 1value 
(100%) close 


to yearly 
limit for 2024 


(38/40) 


Na   • 1 value 
(100%) 


exceeded  


na 
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Location Turkish limits for human health 


Hourly - 200 µg/m3 (2024);  


Yearly - 60 µg/m3 (2014); 40 µg/m3 (2024) 


IFC/WHO limits for human health 


Hourly - 200 µg/m3 (guideline);  Yearly 40 µg/m3 (guideline) 


Turkish and WHO limits for ecosystem 


Yearly - 30 µg/m3  (2014 forward)  


(for forests and natural vegetation) 


Local EIA Rep. - 
Petkim 2007 


Petkim 
2010 


Aliağa Reg. Env. 
Project, 2005- 2007 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Aliağa Reg. Env. 
Project, 2005- 2007 


(TÜBİTAK) 


Golder 
2010 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Aliağa Reg. Env. 
Project, 2005- 2007 


Golder 
2010 


Bozköy Area, 
forestry 


          • 1 value 
(50%) 


almost at 
limit (29/30) 


• 1 value 
(50%) 


exceeded 


 


Blank cells: No exceedance in measurement results na: No measurement available 


(*)  For Aliağa Regional Environmental Project, the TUBİTAK Research was used (for which the measurement locations are known). Among the 49 measurement points of, the measurements at similar locations with the other measurement studies were selected to have a comparison. 
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Table C.12.3-4:  Compliance Status of Measured Present PM10 and Settled Dust Levels in the Region 


Location Turkish limits for human health 


Yearly - 60 µg/m3  (2014); 40 µg/m3  (2019) 


IFC/WHO limits for human health - 24 hr value 


Yearly - 70 µg/m3  (Interim target-1);  50 µg/m3  (Interim target-2);  


30 µg/m3  (Interim target-3);  20 µg/m3  (guideline) 


Local EIA Rep. - 
Petkim 2007 


Petkim 2010 Aliağa Reg. Env. Project, 
2005- 2007 


Golder 2010 Local EIA Rep. - Petkim 
2007 


Petkim 2010 Aliağa Reg. Env. 
Project, 2005- 2007 


Golder 2010 


Project Site Na Na na     • 1 value (100%) at 
interim target-3, 


exceeded guideline 


Petkim Plant Area Na Na na na na na na na 


Petkim Lodgments vicinity Na Na na  na na na • 1 value (100%) at 
interim target-3, 


exceeded guideline 


Petkim Port Na • 1 value (100%) 
exceeded limit 


for 2019 


na na na • 1 value (100%) 
exceeded 


interim target-3 
and guideline 


na na 


Northwest Aliağa 
Peninsula 


Na Na na na na na na na 


Aliağa Town Na Na • 1 value (100%) 
exceeded limits for 


2014 and 2019 


na na na • 1 value (100%) 
exceeded 


interim target – 
2&3 and 
guideline 


na 


Nemrut Heavy Industry 
Zone 


Na Na • 1 value (100%) 
exceeded limits for 


2014 and 2019 


na na na • 1 value (100%) 
exceeded 


interim target – 
1&2&3 and 
guideline 


na 


East to Nemrut Bay Na Na na na na na na na 


Bozköy Area, forestry Na Na na na na na na na 


Blank cells: No exceedance in measurement results na: No measurement available 


(*)  For Aliağa Regional Environmental Project, the TUBİTAK Research was used (for which the measurement locations are known). Among the 49 measurement points of, the measurements at similar locations with the other measurement studies were selected to have a comparison. 
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In summary, among the measurement location in the four studies the following are exceedances: 


SO2 : Among the measured locations, 36% of values at Petkim area exceeded the long 
term yearly regulatory limit (LTL) of 150 µg/m3 for 2008 for human health. 
Furthermore, 12% of the measured values exceeded 2014 24-hr limit of 150 µg/m3, 
and 54% exceeded 2019 24-hr limit. However; regarding 2014 long term target limit 
of 20 µg/m3 in Turkish limits for protection of ecosystem (which is the eventual 
guidance values of IFC for human health) all areas exceeded the limits except in a 
few cases. At all areas, except for Nemrut Heavy Industry Zone and Bozköy area, 
the measured values exceeded IFC limits for human health for different target years.  


NO2 : At part of Petkim area, Nemrut Heavy Industry Zone and East to Nemrut Bay at 
highway, IFC limit for vegetation of 30 µg/m3 was exceeded. At only one case in 
Nemrut Industry zone the value exceeded the Turkish human health limit of 40 
µg/m3. 


PM10 : All previously measured PM10 values exceeded Turkish and IFC limits of 40 µg/m3 
of 2019, but recent measurements complied with the limits. 


VOCs : Total organic carbon from the VOCs was found by all Petkim 2010 measurements to 
be in compliance with the Turkish limits in  Petkim plant area (500 µg/m3). Most of the Petkim 
2010 measurements  are in compliant with Turkih limits in the impact area (70 µg/m3). 
Benzene values were also in compliance with the limits in Petkim plant area (LTL-75µg/m3 - 
STL—120 µg/m3). However, at Aliağa Town, Petkim lodgments and other locations in the 
impact area benzene exceeded 2014 target limit of 5µg/m3 .  


Results of Modeling in Aliağa “Regional Environmental Baseline and Assimilative 


Capacity Determination Project” (REBACP)  


As mentioned in the sections above, dispersion modeling of the overall existing emission sources in 
Aliağa region was conducted by Calmet-Calpuff model in the scope of Aliağa Environmental Baseline 
and Assimilative Capacity Determination Project (Aliağa REBACP). The following sources were used 
as model input: 


(1) Point emission sources - A total of 95 stacks of various industries;  


(2) Area - Aliağa town center and the villages around; 38 pile storage areas mostly used by 
iron and sources steel industries; and 21 major loading/unloading areas; and  


(3) Linear sources - 131 roads including İzmir-Çanakkale highway, Yenifoça highway, and a 
number of minor roads used by industries.  


The modeling results provided the following outcome: 
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Figure C.12.3-6 SO2 Contribution of Existing 
Facilities (AliağaREBACP) 


Figure C.12.3-7 NOx Contribution of Existing 
Facilities (Aliağa REBACP) 


 


 
Figure C.12.3-8  PM10 Contribution of Overall Existing Emission 
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PM10 Contribution of Highways 


 


PM10 Contribution of Domestic Heating 


 


PM10 Contribution of Stack Sources 


 


PM10 Contribution of Loading-Unloading Facilities 


 


PM10 Contribution of Open Pile Storage Sources 


Figure C.12.3-9 PM10 Contribution of Various Sources (Aliağa REBACP) 
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Areas Where SO2 Exceeds Future LTL of 20 µ/m3 in 2014 
Areas Where PM10 Exceeds Future LTL of  


60 µ/m3 in 2014 and 40 µ/m3 in 2014 
Figure C.12.3-10  Areas Where SO2 and PM10 Exceeds Future LTL (Aliağa REBACP) 


According to the overall results of a number of measurement works in the region and to the results of dispersion 


modeling of the existing emission sources, Aliağa Regional Environmental Baseline and Assimilative Capacity 


Determination Project reports the following assessment results: 


SO2 : Among the measured locations, only those close to Petkim and Tüpraş exceeded the 
long term yearly regulatory limit (LTL) of 150 µg/m3 for 2008. However, regarding 
2014 target limit of 20 µg/m3 for protection of ecosystem, the values at the locations 
around iron & steel industries, settlements and natural vegetation – forestry at 
Bozköy area exceeded the limit as well. 


NO2 : Measured values at all locations complied with the regulatory LTLs between 2008 
and 2014, 100 and 60 µg/m3, respectively. However, the values at industrial 
facilities, İzmir-Çanakkale highway, Yeni Foça highway (scrap iron transportation 
route for iron&steel industries) either exceeded or were close to the 2024 target LTL 
40 µg/m3. 


PM10 : Measured values at all locations exceeded 2019 target LTL of 40 µg/m3. Particularly 
the values around iron & steel industries exceeded 2008 LTL of 150 µg/m3 as well. 
In the modelled values, the major contribution was from the highways and roads, 
and another source is number of open pile storage for various materials such as, 
scrap iron, slag, coal, used filters- stack dusts, etc. The study modelled the case for 
the improvement of the road pavements, and this case resulted in considerable 
decreases in PM10 levels (in some areas from 1,000 µg/m3 to 250 µg/m3). The 
minimum contribution was from stack sources, as the major PM10 source of iron & 
steel industries’ stacks were equipped with bag filters and model estimated that all 
filters are operational. The modelled case of only one filter was not operational, 
indicated that the values increased to the levels over 100 µg/m3, and exceeded the 
limit. 
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VOCs : The only VOC compound for which regulatory ambient quality limit exists in the 
Regulation on Air Quality Assessment and Management is benzene. Among the 89 
measurement points, 20 points around Petkim and Tüpraş exceeded the 2014 target 
limit value of 10 µg/m3, and 29 exceeded the 2021 target limit value of 5 µg/m3. 


The Study Report summarizes the overall air quality baseline characterization and main problems in 
the region based on the assessments by three separate methods (emission inventory for the existing 
sources, dispersion modeling for the identified emissions, and assessment of existing air quality 
monitoring studies that were conducted in the region in the last five years) as follows: 


• The operation of a number of industries, which are the major pollutant contributors of 
the region, without required environmental control and technologies and emission 
permits deteriorated the ambient air quality of the region.  


• The compliance with the future air quality limits will be fairly difficult, since the current 
air quality levels are already higher than the existing regulation limits. 


• Present carcinogenic risks were determined by a separate study namely Dumanoğlu 
vd (2008). Accordingly, at Petkim Plant area and Aliağa Town carcinogenic risks area 
high due to chloroform, 1,2-dichlorethane, carbon tetrachloride, 1,1,2-trichlorethane 
and bromoform. The highest risk is due to 1,2-dichlorethane that is arising from 
Petkim. 


The Study Report recommended the following monitoring and mitigation actions to be employed 
regionally by the authorities and industries to improve the existing ambient air quality in the region: 


• Implementation of a regional management model and a management plan; 


• Implementation of a monitoring system in different environments (air, water, soil, etc.) 
of the region; 


• Implementation of continuous monitoring for stack emissions; 


• The control of the major diffused emission sources (i.e. piles at the coal, iron and steel 
plants) by: 
o improving the quality of highway routes and implementation of a transportation plan 
o the storage of the waste material in a closed area 
o conducting the dust emitted activities in a closed area 
o avoiding the slag handling process or else carrying out in a closed area 


• Implementation of new technologies for reduction of PAH, PCB and Dioxin emissions 
at the iron and steel plants; 


• The reduction of VOC emissions from refineries and petrochemical plants; 


• Selection of Best Available Technologies (BAT) to minimize the waste generation at 
the new establishments and capacity increases; and 


• Consideration of the renewable energy resources to meet the increasing energy 
demand of the region.  


C.12.4 Impact Assessment 


Issue Scoping 


Potential issues associated with air quality were determined based on a professional review of the 
potential effects of refinery development on the specific conditions present in the Project Site. The 
issues are summarized as construction phase and operation phase issues. 
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Construction Phase Issues 


Potential impacts to air quality during the construction phase include: 


• Dust generation during land preparation, excavation and construction; and 


• Exhaust emissions from construction equipment, power generators and off / on-road vehicles. 


Dust generated during construction will result from site clearance and earthworks, including soil 
replacement (if required), leveling, and bund construction and reinstatement operations. The major 
dust source will be from the movement of soil during leveling and foundation works.  


Operation of equipment and vehicles during construction will result in the emissions of carbon dioxide 
(CO2), carbon monoxide (CO), sulfur dioxide (SO2), nitrogen oxides (NOx) and particulate matter of 
less than 10µm diameter (PM10).  


Operation Phase Issues 


The expected emissions from refineries in general are listed below as provided in IFC EHS Guidelines 
for Petroleum Refining:  


Exhaust Gases 


Exhaust gas and flue gas emissions (CO2, NOx and CO) in the petroleum refining sector result from 
the combustion of gas and fuel oil or diesel in turbines, boilers, compressors and other engines for 
power and heat generation. Flue gas is also generated in waste heat boilers associated with some 
process units during continuous catalyst regeneration or fluid petroleum coke combustion. Flue gas is 
emitted from the stack to the atmosphere in the Bitumen Blowing Unit, from the catalyst regenerator in 
the Fluid Catalytic Cracking Unit (FCCU) and the Residue Catalytic Cracking Unit (RCCU), and in the 
sulfur plant, possibly containing small amounts of sulfur oxides. Low-NOx burners should be used to 
reduce nitrogen oxide emissions.  


Venting and Flaring 


Venting and flaring are important operational and safety measures used in petroleum refining facilities 
to ensure that vapors gases are safely disposed of. Petroleum hydrocarbons are emitted from 
emergency process vents and safety valves discharges. These are collected into the blow-down 
network to be flared. 


Excess gas should not be vented, but instead sent to an efficient flare gas system for disposal. 
Emergency venting may be acceptable under specific conditions where flaring of the gas stream is not 
possible, on the basis of an accurate risk analysis and integrity of the system needs to be protected. 
Justification for not using a gas flaring system should be fully documented before an emergency gas 
venting facility is considered. 


Before flaring is adopted, feasible alternatives for the use of the gas should be evaluated and 
integrated into production design to the maximum extent possible. Flaring volumes for new facilities 
should be estimated during the initial commissioning period so that fixed volume flaring targets can be 
developed. The volumes of gas flared for all flaring events should be recorded and reported. 
Continuous improvement of flaring through implementation of best practices and new technologies 
should be demonstrated. 


To minimize flaring events as a result of equipment breakdowns and plant upsets, plant reliability 
should be high (>95 percent), and provision should be made for equipment sparing and plant turn 
down protocols. 
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Fugitive emissions 


Fugitive emissions in petroleum refining facilities are associated with vents, leaking tubing, valves, 
connections, flanges, packings, open-ended lines, floating roof storage tanks and pump seals, gas 
conveyance systems, compressor seals, pressure relief valves, tanks or open pits / containments, 
and loading and unloading operations of hydrocarbons. Depending on the refinery process 
scheme, fugitive emissions may include: 


• Hydrogen; 


• Methane; 


• Volatile organic compounds (VOCs), (e.g. ethane, ethylene, propane, propylene, butanes, 
butylenes, pentanes, pentenes, C6-C9 alkylate, benzene, toluene, xylenes, phenol, and C9 
aromatics); 


• Polycyclic aromatic hydrocarbons (PAHs) and other semivolatile organic compounds; 


• Inorganic gases, including hydrofluoric acid from hydrogen fluoride alkylation, hydrogen 
sulfide, ammonia, carbon dioxide, carbon monoxide, sulfur dioxide and sulfur trioxide from 
sulfuric acid regeneration in the sulfuric acid alkylation process, NOX, methyl tert-butyl ether 
(MTBE), ethyl tertiary butyl ether (ETBE), t-amylmethyl ether (TAME), methanol, and ethanol. 


The main sources of concern include VOC emissions from cone roof storage tanks during loading 
and due to out-breathing; fugitive emissions of hydrocarbons through the floating roof seals of 
floating roof storage tanks; fugitive emissions from flanges and/or valves and machinery seals; 
VOC emissions from blending tanks, valves, pumps and mixing operations; and VOC emissions 
from oily sewage and wastewater treatment systems. Nitrogen from bitumen storage tanks may 
also be emitted, possibly containing hydrocarbons and sulfur compounds in the form of aerosols. 
Other potential fugitive emission sources include the Vapor Recovery Unit vents and gas emission 
from caustic oxidation. 


Sulfur Oxides 


Sulfur oxides (SOx) and hydrogen sulfide may be emitted from boilers, heaters, and other process 
equipment, based on the sulfur content of the processed crude oil. Sulfur dioxide and sulfur trioxide 
may be emitted from sulfuric acid regeneration in the sulfuric acid alkylation process. 


Particulate Matter 


Particulate emissions from refinery units are associated with flue gas from furnaces; catalyst fines 
emitted from fluidized catalytic cracking regeneration units and other catalyst based processes; the 
handling of coke; and fines and ash generated during incineration of sludges. Particulates may 
contain metals (e.g. vanadium, nickels). Measures to control particulate may also contribute to 
control of metal emissions from petroleum refining. 


Greenhouse Gases (GHGs) 


Carbon dioxide (CO2) may be produced in significant amounts during petroleum refining from 
combustion processes (e.g. electric power production), flares, and hydrogen plants. Carbon dioxide 
and other gases (e.g. nitrogen oxides and carbon monoxide) may be discharged to atmosphere 
during in-situ catalyst regeneration of noble metals. Operators should aim to maximize energy 
efficiency and design facilities (e.g. opportunities for efficiency improvements in utilities, fired 
heaters, process optimization, heat exchangers, motor and motor applications) to minimize energy 
use. The overall objective should be to reduce air emissions and evaluate cost-effective options for 
reducing emissions that are technically feasible. Additional recommendations for the management 
of GHGs, in addition to energy efficiency and conservation, are addressed in the General EHS 
Guidelines. 


Expected Emissions from the Project 
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Regarding the Project, the expected stack (point) emissions during the operation of the Refinery are 
sulfur oxides (SOx) arising from burning of natural gas and from processing of crude oil having sulfur 
content; nitrogen oxides (NOx), carbon dioxide (CO2), some amount of carbon monoxide (CO) 
arising from burning of natural gas, and other organic dust and vapor emissions. It is estimated that no 
gasoline production with associated FCC unit catalyst emission and fuel oil burning will take place in 
the Refinery. Hence, PM10 emission is not expected. 


The expected non-stack (fugitive) emissions are volatile organic compounds (VOCs) from crude 
oil and product storage tanks, filling arms, fittings, etc.  


Based on these issues, the key questions for air quality in this ESIA were defined as follows: 


1. What effects will the Project have on ambient air quality during construction? 


2. What effects will the Project have on ambient air quality during operations?  


The air impact assessment in this upgraded ESIA following these key questions was based on the 
assumptions of the Local EIA and outcome of emission calculations and air modeling studies therein. 
As of the draft completion date of this ESIA Study, the detailed design studies for the Project were still 
ongoing. Hence, no new emission calculation or air modeling was carried out by Golder. 


Key Question Air Quality - 1: What Effects Will the Project Have on the Ambient Air Quality During 
Construction? 


Linkage Evaluation 


Construction activities will consist of site preparation and excavation for foundations, buildings, roads 
and infrastructural components; construction/installation of buildings, process units, roads and 
infrastructural components; and post-constructional landscaping activities. Construction activities will 
generate emission of fugitive dust caused by a combination of on-site excavation and movement of 
earth materials, contact of construction machinery with bare soil, and exposure of bare soil and soil 
piles to wind. A secondary source of emissions will consist of exhaust from diesel engines of earth 
moving equipment on-site. Because the Project will have excavation and land clearing at the Project 
Site, and it will result in generation of the dust as well as exhaust emissions, it will probably affect the 
local air quality in the LSA. This linkage is valid. 


Impact Analysis Methods 


During Local EIA, dust and exhaust gas emission calculations and dust dispersion modeling was 
conducted for construction phase. This ESIA study followed those calculations and modeling. Results 
of the calculations and modeling are summarized in the Impact Analysis Results section below. Entire 
air quality modeling report prepared during the Local EIA is provided in Appendix 6.  


Impact Assessment Criteria 


The criteria for rating air impacts are presented below. 


Table C.12.4-1: Air Quality Impact Assessment Criteria 


Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive: a 
decrease in 
emissions and/or 
ambient 
concentrations 


negative:  an 


negligible:   Project 
impacts are similar to 
or below average 
background levels 


low:  Project impacts 
are greater than 


local:  effect 
restricted to the 
LSA 


regional:  effect 
extends beyond 
the LSA into the 


short-term: 
construction  


medium-
term: 
operations 


reversible  


or 


irreversible  


low: occurs 
once 


medium:  
occurs 
intermittently 
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increase in 
emissions and/or 
ambient 
concentrations 


negligible but less than 
the adopted air quality 
guideline / criteria 


moderate:  Project 
impacts are greater 
than low but less than 
the adopted air quality 
guideline / criteria 


high:  Project impacts 
are greater than the 
adopted air quality 
guideline criteria  


region 


beyond 
regional:  effect 
extends beyond 
the region 


long-term:  
operations - 
post 
operations  


high:  occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints, as defined for the specific component. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


Impact Analysis Results 


Dust Emissions 


The local EIA provided the construction areas, dimensions, excavations depths and excavation 
volumes associated with the to-date refinery design as presented in Table C.12.4-2: . 


Table C.12.4-2: Construction Areas and Excavation Amounts Calculated in Local EIA 


Unit Width 
(m) 


Height 
(m) 


Area (m²) Depth (m) Excavation 
(m³) 


Crude Oil/Vacuum Distillation 
/Saturated Gas Plant 


80 140 11,200 3 33,600 


Naphtha Hydrotreating Unit 40 80 3,200 3 9,600 


Kerosene Hydrotreating Unit 60 120 7,200 3 21,600 


Diesel Hydrotreating Unit 60 120 7,200 3 21,600 


CCR 60 125 7,500 3 22,500 


Hydrocracker 60 250 15,000 3 45,000 


Delayed Coker 120 275 33,000 3 99,000 


Hydrogen Unit 85 140 11,900 3 35,700 


Sulfur Recovery Unit 80 90 7,200 3 21,600 


Amine Regeneration Unit 50 130 6,500 3 19,500 


Sour Water Stripper unit 50 80 4,000 3 12,000 


Sulfur Solidification Unit 25 30 750 3 2,250 


PSA 65 85 5,525 3 16,575 


Air decomposition 60 120 7,200 3 21,600 


Equipment Air/Process Air Unit 55 70 3,850 3 11,500 


Reformatted Gas Unit 50 60 3,000 3 9,000 


Control Building 30 100 3,000 3 9,000 


Loading 65 105 6,825 3 20,475 


Service Building 100 150 15,000 3 45,000 


Fire Brigade 100 150 15,000 3 45,000 


Workshop 45 150 6,750 3 20,250 


Total Tankage Area - - 443,202 3 1,329,606 


TOTAL     1,872,006 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA- Final 258  
 


 


It is planned that the excavated materials will be transported close to the excavation sites and open-
stored by top covering. Hence, dust emissions during transportation and storage are expected to be at 
minimum levels. No blasting will be needed during construction. Dust emission calculations in the 
Local EIA are presented below. The emissions were calculated by using standard emission factors 
given in MoEU guides. 


Assumptions: 


Excavation period = 18 months 
Daily working period = 8 hours 
Soil density = 1.8 g/cm3 


Transportation distance = 500m 
Truck capacity  = 20 ton 


Excavation amounts: 


Volume = 1,872,006 m3/18 months = 3,470 m3/day-8hr = 435 m3/hr 
Weight = 1.8 g/cm3 x 435 m3/hr x 10-6 m3/cm3 x 106 g/ton = 783 ton/hr 


Dust emission amounts: 


Dig up = 0.025 kg/ton x 783 ton/hr = 19.57 kg/hr 
Loading = 0.010 kg/ton x 783 ton/hr = 7.83 kg/hr 
Unloading = 0.010 kg/ton x 783 ton/hr = 7.83 kg/hr 
Transportation = 0.70 kg/km-round x 0.5 km x (783ton/hr / 20 ton-round) = 13.94 
kg/hr 
Total = 19.57 + 7.83 + 7.83 + 13.94 = 49.17 kg/hr 


Turkish Regulation on Industrial Air Pollution requires air dispersion modeling be conducted for the 
total dust emissions over 1.0 kg/hr. Estimated dust emission from the Project Construction exceeds 
this value, hence, a dust dispersion modeling was conducted during Local EIA by using ISCST3 
modeling software.  


For the meteorological data, the data from the closest Aliağa, Dikili and İzmir Meteorological Stations 
was collected and utilized. As mentioned in Section C8: Climate & Meteorology, measurements done 
by Dikili Meteorological Station between 1975 and 2008, indicated that, the prevailing winds within 
the year are east-southeast (ESE) directed (26.6%) and average wind velocity for this direction is 
1.74 m/s. The strongest wind is southwest (SW) directed with 31.0 m/s and observed on November. 
For climatic data, Aliağa Meteorological Station data was utilized. Pasquill stability classes were 
calculated through a meteorology software. Accordingly, the dominating stability class in the region is 
D: Neutral-stable. 


Dispersion of short term dust emissions from excavation activities is presented in Figure C.12.4-1 . 
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Figure C.12.4-1 Dispersion of Short Term Dust Emissions from Excavation Activities (Local EIA) 


Ground level maximum LT and ST dust concentrations at the Project Site calculated through 
the dispersion model are presented in Table C.12.4-3: . 


Table C.12.4-3:  Calculated Ground Level Dust Concentrations 


Short Term PM10 Value (µg/m3) Long Term PM10 Value (µg/m3) 
Calculated 
Project 
Contribution 


Baseline 
Value 


Turkish Limit  WHO 
Limit 


Calculated 
Project 
Contribution 


Baseline 
Value 


Turkish Limit  WHO 
Limit 


87 
coordinates 
X: 494,000 
Y: 4,294,500 


 146 – in 
2011 
100 – in 
2014 


50 27 
coordinates 
X: 494,000 
Y: 4,294,500 


30 
(5-days 
average) 


105 – in 
2011 
90 – in 
2014 


20 


 


The results indicated that ground level dust concentration at the Project Site resulted from the 
construction activities and cumulative of baseline and calculated value are below the Turkish ambient 
air quality limits but above the WHO guideline values for human health. Dispersion model indicates 
that at the closest settlement, Petkim lodgments, contribution of dust due to the Project construction is 
less than 1 µg/m3. Baseline value at the lodgments was measured by Golder as 30µg/m3 as average of 
5-days. Although the contribution of the Project is negligible, the baseline value is over WHO limits. 


Settled Dust 


PM10 (24 hour, µg/m3) 
hour,  
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Local EIA assumed that 80% of dust emissions will be settled. Accordingly, short term settled dust 
emission was calculated as 98 mg/m2.day. Settled dust dispersion is presented in Figure C.12.4-2 . 
Settled dust values in Petkim 2010 Air Quality Report indicated values above Turkish limits. 


 


Figure C.12.4-2 Dispersion of Short Term Settled Dust during Construction Activities (Local 
EIA) 


Exhaust Emissions 


In general, diesel oil will be used as fuel for the construction machinery. For smaller type machinery, 
gasoline will also be utilized. Diesel engines emit less CO and hydrocarbons (HC) but more NOx and 
PM compared to gasoline engines. In accordance with the US Environmental Protection Association 
(USEPA) emission factors, a well maintained, diesel-oil firing heavy work machinery is estimated to 
emit CO of 8.61 g/min, HC of 1.38 g/min and NOx of 6.27 g/min at a speed of 0-30 km/h.  


Estimated numbers of construction machinery and equipment are 5 bulldozers, 15 trucks, 5 
generators, 5 excavators, 7 loaders, 2 pumpers, 2 cylinders, 1 crane, and 4 welding machine; totals to 
46. With the assumption that all machines shall be operated simultaneously, total emissions form the 
construction machinery and equipment are calculated as presented in Table C.12.4-4: . 


  


Settled Dust (µg/m3.gün)  
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Table C.12.4-4: CO, HC and NOx Emissions from Construction Machinery and Equipment 


Parameter Emission Factor (g/minute) Daily emission value (kg/hr) 


HC 1.38 4 


NOx 6.27 17 


CO 8.61 24 


Total value of the exhaust emissions generated by construction machinery and equipment would be 
below the emissions that will be generated on a motorway. Hence, the expected effect is assumed as 
negligible. 


Mitigation 


Mitigation techniques for the reduction and control of dust and exhaust emissions from construction 
activities will include: 


• Construction sites, open storage piles and transportation routes will be moisturized 
twice a day in hot-dry seasons ; 


• Trucks transporting fugitive material such as soil, sand, etc. will be covered to prevent 
dispersion during transportation; and 


• Periodic maintenance will be provided for construction machinery and equipment to 
control the exhaust emissions. 


Residual Impacts 


According to the calculations and dispersion modeling conducted during Local EIA, contribution of 
dust emissions from construction activities is expected to be below the ambient quality limits defined in 
Turkish regulations. Total exhaust emissions from construction machinery and equipment is not 
expected to be over the exhaust on a motorway. Thus, overall a low magnitude air impact is predicted, 
with low environmental consequence.  


Table C.12.4-5: Residual Impact Classification for Construction Phase Air Impacts 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question 1: What effects will the Project have on ambient air quality during construction? 


Negative Low Local  Short term Yes Medium Negligible 


 


Monitoring 


Periodic dust (PM10 and settled dust) monitoring will be conducted at the closest settlement, Petkim 
lodgments during construction stage. Exhaust emissions from construction and transportation vehicles 
will be periodically monitored along with the requirements in the Regulation on Control of Exhaust Gas 
Emission. 


Key Question Air Quality - 2: What Effects Will the Project Have on the Ambient Air Quality During 
Operations? 


Linkage Evaluation 


Regarding the Project, the expected point source (stack - flare) emissions are sulfur oxides (SOx) 
arising from burning of natural gas and from processing of crude oil having sulfur content; (nitrogen 
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oxides) NOx, carbon dioxide (CO2) and some amount of CO emissions arising from burning of natural 
gas. Expected aerial source (non-stack, fugitive) emissions are volatile organic compounds (VOCs) 
emissions from the storage tanks, filling arms, fittings, etc. It is planned that no gasoline production 
with associated FCC unit catalyst emission and no fuel oil burning will take place in the Refinery. 
Hence, particulate matter (PM) emission is not expected in high amounts. SOx and NOx will have a 
contribution to the present ambient concentrations and might affect human health, and wild life and 
vegetation. Hence, the linkage is valid. 


Impact Analysis Methods 


During the Local EIA, SO2, NOx, CO, PM and VOC emissions were calculated for the operation phase 
and air quality modeling was conducted for each parameter. Air quality and dispersion modeling for 
point source emissions of SO2, NOx, CO, PM were conducted by ISCST3 AERMOD modeling 
software in 2012 using the latest design figures.. Air quality modeling for tank (aerial) source VOC 
emissions were conducted by USEPA TANKS 4.0 software. 


This ESIA study utilized the results of the calculations and modeling performed in 2012 and attached 
as Appendix 6. Assumptions used for the calculations and modeling and the outcome are summarized 
in the Impact Analysis Results section below.  


In the baseline air quality modeling study, which will constitute a basis to air quality modeling study, all 
existing area (storage tanks etc.)  and point (stack emissions) emission sources in the influence area 
were considered. 


While baseline air quality was calculating, it is assumed that, all precautions were taken (including 
storage facilities etc.), which are intended to enhance air quality in the facility region. 


Dispersion model used was prepared to consider the topographical structure of the region, the 
blocking effect of topography, air currents formed from topographic sloped, the effects of 
meteorological data on the transportation of contaminants, chemical conversion of contaminants in the 
atmosphere; and the modeling was made as defining with the coordinates of all point, area and line 
sources on the grid system.  Technical properties of dispersion modeling, inputs and outputs of the 
model are given in the report. 


Results of the modeling were considered in the scope of Regulation on Control of Air Pollution from 
Industrial Sources which became effective by publishing in the Official Gazette dated 03.07.2009 and 
numbered 27277, and Regulation on Air Quality Assessment and Management which became 
effective by publishing in the Official Gazette dated 06.06.2008 and numbered 26898 for after year 
2014. Besides, evaluation according to IFC Criteria was also made in the report.  


Impact Assessment Criteria 


Impact assessment is based on the results of the modeling studies and the compliance of the results 
with Turkish regulatory limits and the IFC guideline values. The criteria for rating air impacts are 
presented in Table C.12-6. 


Emission levels defined in Turkish Regulation on Industrial Air Pollution Control for various refinery 
sources and guideline values defined in IFC Environmental, Health and Safety Guidelines for 
Petroleum Refining are provided in Section A.2. 


Turkish Regulation on Industrial Emission Control - Annex 7 provides limits for inorganic and organic 
dust emissions (PM), inorganic and organic vapor and gas emissions and carcinogenic substances 
emissions. The inorganic and organic dust emission limits, being effective after January 01, 2012, are 
presented in Section A.2 Table A.2-16:   and Table A.2-16:   respectively.  
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The inorganic and organic vapor and gas emission limits being effective after January 01, 2012 are 
presented in Section 0. 


Mitigation 


The air quality impact assessment conducted during the Local EIA was based on preliminary design of 
the Project in 2009 that incorporated several emission controls. STAR committed to installing the 
required equipment that will meet the applicable regulatory standards and international guidelines in 
the Project. The overall emission reduction technologies and measures to be employed by the Project 
are described below: 


• SOx Reduction –  


o Fuel Utilization in the Refinery ProcessThe Refinery furnaces will utilize natural 
gas and sulfur (H2S) treated refinery fuel gas for reduction of fuel based SOx 
emissions. For sulfur treatment of the refinery fuel gas, an Amin Regeneration Unit 
(ARU), a conventional Sulfur Recovery Unit (SRU) and a Tail Gas Treatment Unit 
(TGTU) will be installed. It is estimated that the sulfur emissions will be reduced to 
one twentieth with the addition of these units. 


o Amine Regeneration Unit (ARU): H2S in the refinery fuel gas must be separated for 
the use of the treated refinery fuel gas in the refinery furnaces and for elementary 
sulfur recovery in SRU. This is typically ensured by dissolving H2S in a chemical 
solvent (absorption). In general, amines are used as solvents. As a result of the 
amine treatment, the fuel gas treated from H2S is used as fuel in the process 
furnaces. The amine – H2S solution is heated and H2S absorbed by amine is 
separated by water steam. 


o Sulfur Recovery Unit (SRU): The gas with H2S content coming from amine treatment 
unit and waste water separation units is processed by Claus process in SRU and 
most of H2S (96%) is converted to elementary sulfur.  


o Tail Gas Treatment Unit (TGTU): Remaining part of the H2S is converted to 
elementary sulfur in TGTU to reach 99.9% conversion. 


The total H2S treated fuel gas amount to be used in Refinery furnaces was estimated as 
515 tons/day. Natural gas will be utilized for the remaining fuel demand. The total natural 
gas amount was estimated as 542 tons/day. Sulfur content of the natural gas is 115 
mg/m3. 


• NOx Reduction 


For reduction of crude oil based NOx emissions, low NOx burners will be utilized in the 
furnaces. 


• CO Reduction 


Hybrid type burners will be utilized and 3% oxygen utilization will be provided for a 
complete combustion and for reduction of CO emissions. 


• Gas Flaring Control Techniques 


o Use of efficient flare tips, and optimization of the size and number of burning 
nozzles; 


o Maximizing flare combustion efficiency by controlling and optimizing flare fuel / air / 
steam flow rates to ensure the correct ratio of assist stream to flare stream; 
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o Minimizing flaring from purges and pilots, without compromising safety, through 
measures including installation of purge gas reduction devices, flare gas recovery 
units, inert purge gas, soft seat valve technology where appropriate, and installation 
of conservation pilots; 


o Minimizing risk of pilot blow-out by ensuring sufficient exit velocity and providing 
wind guards; 


o Use of a reliable pilot ignition system; 


o Installation of high integrity instrument pressure protection systems, where 
appropriate, to reduce over pressure events and avoid or reduce flaring situations; 


o Installation of knock-out drums to prevent condensate emissions, where appropriate; 


o Minimizing liquid carry-over and entrainment in the gas flare stream with a suitable 
liquid separation system; 


o Minimizing flame lift off and / or flame lick; 


o Operating flare to control odor and visible smoke emissions (no visible black smoke); 


o Locating flare at a safe distance from local communities and the workforce including 
workforce accommodation units (the closest settlement is at 2.5 km and the two 
flares are located at the outer locations of the Project Site to save workforce); 


o Implementation of burner maintenance and replacement programs to ensure 
continuous maximum flare efficiency;  


o Incineration of gas at high temperature (approximately 800 °C) to ensure complete 
destruction of minor components (e.g. H2S, aldehydes, organic acids and phenolic 
components) and minimize emissions and odor impacts; and 


o Metering the flare gas. 


• VOC Emission Reducing Techniques 


Vapour Recovery Unit (VRU) will be installed for the treatment of volatile organic compound 
emissions generated by ship loading in STAR Refinery. During loading, vapours are typically 
displaced inside the cargo ships and they are collected via vapour collection system header 
to the VRU.  


The exhaust vapour stream vent to atmosphere from VRU shall meet the volatile organic 
compound (VOC) emission limits 10 g/Nm3 as per European Directive 94/63/EC. 


In addition; 


o Fixed roof tanks will be coated with light-colored paints that reflect the solar radiation 
energy by 70% in short term and at least 50% in long term to minimize thermal 
heating; 


o Light liquid products such as naphtha, reformate, etc. will be stored in internal 
floating roof - external fixed roof tanks; and the floating roof tanks will be installed 
with double seal system; 


o Sampling containers and level gauges in the tanks will be capped and be closed, 
and an automatic sampling system with closed cycle drain system will be installed; 


o Measures, such feed back to tanks etc., will be taken for the reduction of fugitive 
emissions released from the filling arms; 


o Pressure safety diaphragm valves will be utilized instead of conventional gasket 
valves; 
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o Outlets of pressure safety valves will be connected to the closed cycle vent systems 
(flare header) and the gases wasted through the system in an uncontrolled way will 
be directed to the fuel gas system through net gas recovery system in the flares; 


o For the limited number of pressure control valves that are open to the atmosphere, 
valves with tearing disks will be utilized instead of conventional valves; 


o Double mechanical seals will be used instead of gaskets for leak prevention at 
pumps; 


o Pump vent lines will be connected to the closed cycle gas collection system; 


o Labyrinth type sealing system or double sealing will be used for leak prevention at 
compressors; 


o Quarter-turn radial jacketed plunge valves will be used instead of breaker valves 
such as gate or global valves in the critical services and gas services; 


o The flanged connections will be minimized and high quality fittings will be utilized in 
the critical services; 


o All open-ended vents or drains will be covered with caps or plugs; 


o Bottom loading system will be installed for tanker loading.  


o In addition to the API and NFPA Codes and Standards, relevant Turkish Standards 
will also be followed for the studies of plant technologies and emission reduction. 


o Fugitive gas control systems will be installed within the Refinery against flammable 
gas and toxic gas emissions. These systems will be continuously checked by the 
environment, health and safety department and will be connected to audio and visual 
alarm systems. The Refinery area will be monitored by closed camera system for 
possible leakages. 


Impact Analysis Results 


The impact analysis include the results of the air quality modelling with current design conditions in 
October 2012. The air qualiy modelling report is presented in Appendix 6 and includes: 


1. The calculation of Stack emissions and required stack heights to be in compliance iwth 
legislation 


2. The requirements of local and IFC standards for the air emissions 


3. The emission modelling of the refinery stacks for VOC, SOx, NOx, CO, H2S, TOC and PM10. 


Overall Modeling Results 


Calculated values for SO2, NO2, CO, PM and VOC concentrations within the LSA with respect to all of 
the baseline measurement locations are compiled in Table C.12.3-1: . 
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Baseline Air Quality at Selected and Sensitive Receptors  


1. The project is located in an industrial area. An unmodified natural habitat in the project 
impact area is negligible. No sensitive receptors are identified with  unmodified natural 
habitat characteristics. 


2. The sensitive receptors  in the project impact area, when impacts on the humans are 
considered, will be The Petkim Lodgement Area and ,The Aliağa Town . 


• Petkim Lodgement 


Petkim Lodgements has been shown in the dispersion graphs for the output of the 
2012 air quality modelling as receptor number 1.  


Baseline air quality measurements  at Petkim Lodgements were presented in: 


• Local EIA-2007 Measurement (indicated as measurement point 16 in Figure 
C.12.3-2 ), 


• Petkim Air Measurement Study, 2010 (indicated as measurement point 1 in 
Figure C.12.3-2 ), 


• Aliağa Regional Env Project 2009 (indicated as measurement point 17 in Figure 
C.12.3-4 ) 


• Golder Measurements (indicated as measurement point 2 in Figure C.12.3-5 ) 


• Aliaağa Town 


Aliağa Town has been shown in the dispersion graphs for the output of the 2012 air 
quality modelling as receptor number 3 and 4 representing various 
measurement locations across the town. Summary of the findings at these 
various locations for different parameters cited in different reports are given 
below. 


Baseline air quality measurements  at Aliağa Town were presented in: 


• Local EIA-2007 Measurement for measurement point 18 and19 in Figure 
C.12.3-2 ), 


• Petkim Air Measurement Study, 2010 (indicated as measurement point 3 and 4 in 
Figure C.12.3-2 ), 


•  Aliağa Regional Env Project 2009 (indicated as measurement point 7, 12,13 and 
14 in Figure C.12.3-4 ) 


• Golder Measurements : None 


• Aliaağa Town - Aliağa Government Office-Fisherman Port 


Baseline air quality measurements  at this location are presented in: 


• Local EIA-2007 Measurement (indicated as measurement points 18) in Figure 
C.12.3-2 ), 
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• Aliağa Town- Aliağa Public Hospital 


Baseline air quality measurements  at Aliağa Town Public Hospital ; receptor no 19  
were presented in: 


• Local EIA-2007 Measurement (indicated as measurement points  19) in Figure 
C.12.3-2 ), 


 


3. The sensitive receptors will be the northwest of Aliağa peninsula, TCCDD Biçerova 
Train Station when the impacts on the modified natural areas are considered.  


a) TCDD Biçerova Station(receptor 15) 


Baseline air quality measurements  at Biçerova Station were presented in: 


• Local EIA-2007 Measurement (indicated as measurement points 15) in 
Figure C.12.3-2 ), 


b) Northwest of Aliağa Peninsula 


Northwest of Aliağa Peninsula has been shown in the dispersion graphs for the output of 
the 2012 air quality modelling as receptor number 5.  


Baseline air quality measurements  at this area were presented in: 


• Local EIA-2007 Measurement (indicated as measurement point 17 in Figure 
C.12.3-2 ), 


• Petkim Air Measurement Study, 2010 (indicated as measurement point 5 in 
Figure C.12.3-2 ), 


 


• Aliağa Regional Env Project 2009 (indicated as measurement point 6 in 
Figure C.12.3-4 ) 


• Golder Measurements : None 


 


3. In order to present the baseline air quality at the project site the following 
summary is presented. 


a) Petkim Site(including project site, receptor no 7) 


Baseline air quality measurements  at petkim site (to include the project 
site) were presented in: 


• Local EIA-2007 Measurement (indicated as measurement points 1-4,7-
14, 21) in Figure C.12.3-2 ), 
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• Petkim Air Measurement Study, 2010 (indicated as measurement point 
6,7,8,9,10,11 in Figure C.12.3-2 ), 


   


• Aliağa Regional Env Project 2009 (indicated as measurement point  6, 
11 in Figure C.12.3-4 ) 


• Golder Measurements :  


 


b) Petkim Site-Port (receptor no 9) 


Baseline air quality measurements  at Petkim Port were presented in: 


• Local EIA-2007 Measurement (indicated as measurement points 5,6) in 
Figure C.12.3-2 ), 


• Petkim Air Measurement Study, 2010 (indicated as measurement point 
9 in Figure C.12.3-2 ), 


• Aliağa Regional Env Project 2009 (indicated as measurement point  18 
in Figure C.12.3-4 ) 


• Golder Measurements :  


c) CT1 Port 


• Golder Measurements :  


In order to evaluate extent of the impact of the project across the Nemrut Bay 
at the southwest area, the Nemrut Port is identified as a receptor point and the  
baseline air quality for Nemrut Port is given: 


a) Nemrut Bay  (Receptor No 22) 


• Local EIA-2007 Measurement (indicated as measurement points 22) in 
Figure C.12.3-2 ), 
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Table C.12.4-6 Air Quality Baseline, Modeling Results and Summary of Evaluation 


Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


Sensitive Receptors-human impact 


Petkim 
Lodgements 


1 Min: 15 


Max:42 


Avg:30 


- Min: 15 


Max:42 


Avg:30 


Min: 10 


Max: 12 


Avg: 11 


- Min: 10 


Max: 12 


Avg: 11 


30 - 30 76 - 76 For S02: The modelling results no contribution of SO2 
from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO for ecosystem 
impacts (20 µg/m3  forest, 30 µg/m3 crops).  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. The baseline measurement is in 
compliance with EU/Turkish LTL standards  


 


840 µg/m3) but higher than WHO LTL standards (20 
µg/m3) 


For VOC: The modelling results show that there is no 
contribution of VOC from project. The baseline 
measurement does not  show exceedance of with Turkish 
LTL values for VOC around project site (500 µg/m3). 
There are no LTL values for the impact area in EU/Turkish 
and WHO legislation. The STL for VOC in the impact area 
in Turkish legislation is 70 µg/m3. There are no Short 
Term baseline measurements to compare. 


Aliağa Town-
general 


3 39 - 39 8 - 8 61 - 61 26 - 26 For S02: The modelling results no contribution of show no 
SO2 from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There is  baseline measurement 
occurrence with the values higher  than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO for ecosystem 
impacts (20 µg/m3  forest, 30 µg/m3 crops).  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. The baseline measurement is higher   
than EU/Turkish LTL standards( 40 µg/m3)  and WHO LTL 
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Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


standards (20 µg/m3) 


For VOC: The modelling results show that there is no 
contribution of VOC from project. The baseline 
measurement is in line with Turkish LTL values for VOC 
around project site (500 µg/m3). There are no LTL values 
for the impact area in EU/Turkish and WHO legislation. 
The STL for VOC in the impact area in Turkish legislation 
is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


Aliağa Town –
Public Hospital 


19 24 - 24 12 - 12  -  261 - 261 For S02: The modelling results no contribution of SO2 
from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. There is no baseline measurement for 
PM10 for this point.  


For VOC: The modelling results show that there is no 
contribution of VOC from project. The baseline 
measurement is in line with Turkish LTL values for VOC 
around project site (500 µg/m3). There are no LTL values 
for the impact area in EU/Turkish and WHO legislation. 
The STL for VOC in the impact area in Turkish legislation 
is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


Aliağa Town –
Government 
office 


4 40 - 40 10 - 10  -  32 - 32 For S02: The modelling results no contribution of SO2 
from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. There is no baseline measurement for 
PM10 for this point.  
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Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


For VOC: The modelling results show that there is no 
contribution of VOC from project. The baseline 
measurement is in line with Turkish LTL values for VOC 
around project site (500 µg/m3). There are no LTL values 
for the impact area in EU/Turkish and WHO legislation. 
The STL for VOC in the impact area in Turkish legislation 
is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


Sensitive receptors-ecological 


TCDD –
Biçerova Train 
Station 


15 12 - 12 9 - 9  -  Not included 
in 2010 survey 
campain 


-  For S02: The modelling results no contribution of SO2 
from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). The baseline measurements are 
below than  LTL values of EU/Turkish limits ( 20 µg/m3) 
and WHO limits (20 µg/m3  forest, 30 µg/m3 crops) for 
ecosystem impacts.  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. There is no baseline measurement for 
PM10 for this point.  


For VOC: The modelling results show that there is no 
contribution of VOC from project.  


Northwest of 
Aliağa 
Peninsula 


5 Min: 11 


Max: 38 


Avg: 21 


- Min: 11 


Max: 38 


Avg: 21 


Min: 4 


Max:10 


Avg:7,3 


 


- Min: 4 


Max:10 


Avg:7,3 


 


 -  84 0,85(5,04) 85(90) 


 


For S02: The modelling results no contribution of SO2 
from project. The baseline values and the cumulative 
values are all below the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show no contribution of 
NO2 from project. The baseline measurements are all 
below EU/Turkish and WHO limits for human health and 
ecosystem LTL values. (40 µg/m3 and 30 µg/m3) 


For PM 10: The modelling results show no contribution of 
PM10 from project. There is no baseline measurement for 
PM10 for this point.  


For VOC: The modelling results show that there is 
incremental contribution of VOC from project. The baseline 
measurement and the cumulative values are not 
exceeding  Turkish LTL values for VOC around project site 
(500 µg/m3). There are no LTL values for the impact area 
in EU/Turkish and WHO legislation. The STL for VOC in 
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Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


the impact area in Turkish legislation is 70 µg/m3. There 
are no Short Term baseline measurements to compare. 


Project Vicinity-impact on employees 


Petkim Site 7 Min: 7 


Max: 301 


Avg:91 


 


0,09 (0,18) Min: 
7,1(7,2) 


Max: 
301,1(301
,2) 


Avg:91,1(
91,2) 


Min: 5 


Max: 36 


Avg:20 


0,27(0,45) Min: 
5,3(5,5) 


Max: 
36,3(36,5) 


Avg:20,3(2
0,5) 


 (0,03)  Min: 179 


Max: 235 


Avg: 207 


 


0,43(5,04) Min: 
179(184) 


Max: 
225(230) 


Avg: 
207(213)  


 


For S02: The modelling results regulatory compliant  
incremental contribution of SO2 from project. The baseline 
values and thus the cumulative values show occurrences 
of SO2 values higher than the  LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show regulatory compliant  
contribution of NO2 from project. The baseline 
measurements thus the cumulative values are all below 
EU/Turkish and WHO limits for human health  (40 µg/m3) 
but some are higher than ecosystem LTL values (and 30 
µg/m3) 


For PM 10: The modelling results show very incremental  
contribution of PM10 from project. There is no baseline 
measurement for PM10 for this point.  


For VOC: The modelling results show that there is minor  
contribution of VOC from project. The baseline 
measurement does not show exceedence of  Turkish LTL 
values for VOC around project site (500 µg/m3). There are 
no LTL values for the impact area in EU/Turkish and WHO 
legislation. The STL for VOC in the impact area in Turkish 
legislation is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


Petkim Site-
port 


9 Min: 51 


Max:127 


Avg:92 


0,09 (0,18) Min: 
51,1(51,2) 


Max:127,1
(127,2) 


Avg:92,1(
92,2) 


Min: 17 


Max:29 


Avg:24,3 


0,27(0,45) Min: 
17,3(17,5) 


Max:29,3 
(29,5) 


Avg:24,6(2
4,8) 


47 (0,03) (47,03) 215 


 


0,43(2,52) 216(218) 


 


For S02: The modelling results regulatory compliant 
incremental   contribution of SO2 from project. The 
baseline values and the cumulative values are in 
compliant with  the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show regulatory compliant  
contribution of NO2 from project. The baseline 
measurements are all below EU/Turkish and WHO limits 
for human health  (40 µg/m3) but some are higher than 
ecosystem LTL values (30 µg/m3) 


For PM 10: The modelling results show very incremental  
contribution of PM10 from project. The baseline 
measurement for PM10 for this point is higher than the 
EU/Turkish LTL values (40 µg/m3) and  WHO LTL limits 
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Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


(20 µg/m3)  .  


For VOC: The modelling results show that there is minor  
contribution of VOC from project. The baseline 
measurement does not show exceedence of  Turkish LTL 
values for VOC around project site (500 µg/m3). There are 
no LTL values for the impact area in EU/Turkish and WHO 
legislation. The STL for VOC in the impact area in Turkish 
legislation is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


Port CT1  0,09 (0,18)   0,27(0,45)    (0,03)  1,17(2,52)  All modelled pollutant  contribution levels are below the 
regulatory limits. There are no baseline measurements for 
this point for the target pollutant emissions. 


Extend over Nemrut Bay 


Nemrut Bay 22 13 0,09 (0,18) 13,1(13,2) 11 0,27(0,45) 11,3(11,5) 85 (0,03) (85,03) Not included 
in 2010 
measurement 
campain 


0,85(5,04) 117(1121) For SO2: There is regulatory compliant incremental 
contribution of SO2 from the project. The baseline 
measurements are in line with the human and ecosystem 
LTL limits of EU/Turkish and WHO. 


For NO2: There is regulatory compliant incremental 
contribution of NO2 from the project. The baseline 
measurements are in line with the human and ecosystem 
LTL limits of EU/Turkish and WHO. 


For PM10: There is regulatory compliant incremental 
contribution of the project. The baseline value is higher 
than EU/Turkish and WHO LTL for PM10 (40 µg/m3 and 
20 µg/m3) 


For VOC: The modelling results show that there is minor  
contribution of VOC from project. The baseline 
measurements are compliant with   Turkish LTL values for 
VOC around project site (500 µg/m3). There are no LTL 
values for the impact area in EU/Turkish and WHO 
legislation. The STL for VOC in the impact area in Turkish 
legislation is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


 


Project 


Project Site  Min: 48 


Max:120 


Avg: 76 


0,75 (1,5) Min: 
49(50) 


Max:121(1
22) 


Avg: 


Min: 9 


Max:22 


Avg: 17,75 


2,3 (3,8) Min: 
11,3(25,8) 


Max:24,3(
25,8 


Avg: 


30 (0,26) (30,3)  201 


 


5,7(30) Min : 
207(231) 


 


For S02: The modelling results regulatory compliant 
incremental   contribution of SO2 from project. The 
baseline values and the cumulative values are in 
compliant with  the limits for LTL values of EU/Turkish 
standards (150 µg/m3). There are baseline measurement 
occurrences with the values higher than LTL values of 
EU/Turkish limits ( 20 µg/m3) and WHO limits (20 µg/m3  
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Receptor 
Name 


 


Receptor 
No (in the 
diffusion 
graphs) 


SO2 (µg/m3) NO2(µg/m3) PM 10 


(µg/m3) 


VOC (as carbon) Remarks 


It is stated by the local operators that 2007 data include 
accidental emissions of VOC for the measurement period. 
Therefore 2010 measurements are used for comparison 
with the legislative values 


  Baseline 


measurement 


summary* 


Annual 


Modelling 


Concentrations 


Normal case 


(worst case)** 


Cumulative 


Values 
Baseline 


measurement 
summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual Modelling 
Concentrations 


Cumulative 
Values 


Baseline 
measurement 


summary* 


Annual 
Modelling 


Concentrations 


Cumulativ
e Values 


 


77(78) 20(22) forest, 30 µg/m3 crops) for ecosystem impacts.  


For NO2: The modelling results show regulatory compliant  
contribution of NO2 from project. The baseline 
measurements are all below EU/Turkish and WHO LTL  
for human health  (40 µg/m3) and  ecosystem LTL values 
(30 µg/m3) 


For PM 10: The modelling results show very incremental  
contribution of PM10 from project. The baseline 
measurement for PM10 for this point is lower  than the 
EU/Turkish LTL values (40 µg/m3) but higher than  WHO 
LTL limits (20 µg/m3)  .  


For VOC: The modelling results show that there is  
contribution of VOC from project. The baseline 
measurement does not show exceedence of  Turkish LTL 
values for VOC around project site (500 µg/m3). There are 
no LTL values for the impact area in EU/Turkish and WHO 
legislation. The STL for VOC in the impact area in Turkish 
legislation is 70 µg/m3. There are no Short Term baseline 
measurements to compare. 


*Please Refer to Table C.12.3-3for the detailed tabulation of the baseline measurements 


 **Please refer to Appendix 6 Table 3.43-51 for the tabulation of the modelling results for ground level concentrations of target pollutants  at the selected receptors.
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Residual Impacts- Overall 


Calculated SO2 and NO2 contribution values of the Refinery compared to the present baseline levels in 
the LSA are provided in Table C.12.3-1: . Table C.12.3-1:  also provides the results from the air 
dispersion model performed by Aliağa Regional Environmental Baseline and Assimilative Capacity 
Determination Project; that model provides emission dispersion values for all the existing emission 
sources in the region and expected emission dispersion values from the planned new projects 
including NO2 dispersion from the Refinery. 


According to the calculations and dispersion modeling conducted in October 2012 by Envy, 
contribution of SO2 and NO2 emissions from the Refinery operations is expected to be low and 
cumulative of the baseline values and Project’s contribution would be below the long term ambient 
quality limits defined in Turkish regulations and WHO guidelines regarding human health and 
vegetation.  


A comprehensive analysis of the modelling results and interpretation of the air quality impacts in the 
light of these modelling results are given in Appendix 6. 


SO2 : Dispersion of the long term SO2 contribution is expected to yield SO2 concentrations 
varying from less than 1 µg/m3 at majority of the Project area and at the adjacent 
forest.  


NO2 : Dispersion of the long term NO2 contribution is expected to yield NO2 concentrations 
varying from less than 1 µg/m3 at majority of the Project area and at the adjacent 
forest. 


CO : With the hybrid burners and 3% oxygen utilization for a complete combustion of fuels, it 
was estimated in the Local EIA that no CO emission would take place in the Refinery. 
However, for the worst-case scenario, the modellig for CO states that the CO 
concentrations 0-5,5 µg/m3 at the project site and closed vicinity at Petkim site.  No 
further assessment is needed for CO. 


PM10 : It is estimated that no gasoline production with associated FCC unit catalyst emission 
and fuel oil burning will take place in the Refinery. Hence, particulate matter emission 
is not expected. The modeeling results of 2012 confirms negligible emissions of  PM10  


Residual Impacts on Human Health and Natural vegetation 


Petkim Aliağa Environmental Baseline Project reported that, present SO2 concentrations in Aliağa 
Region is over the yearly LTL of Turkish Regulations (target for 2014) and WHO Guidelines for the 
protection of natural vegetation of 20 µg/m3. The baseline values at the Project Site, Petkim Area, iron 
& steel industries, settlements and natural vegetation – forestry at Bozköy area exceeded the limit.  


The regional SO2 dispersion map prepared by Aliağa Environmental Baseline Project (Figure C.12.3-6 
, Figure C.12.3-10 ) indicated that at the forestry west to the Project Site SO2 level is below 20 µg/m3 
limit. Contribution of the Project was calculated as < 1 µg/m3 in this area. Hence, Project’s impact on 
this forestry will be negligible. 


Present SO2 concentration in Bozköy was measured as 13 µg/m3 by Golder study during one month 
measurement in November 2010. However, it was calculated as 36-52 µg/m3 by Aliağa Environmental 
Baseline Project. Contribution of the Project by modelling in 2012 was calculated as none in this area. 
With the project’s contribution, the baseline level measured by Golder will reach a level below the limit. 
Project’s contribution to the baseline level determined by the Aliağa Environmental Baseline Project 
will be negligible. 
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Golder’s review of baseline investigation results showed that at part of Petkim area, Nemrut Heavy 
Industry Zone and East to Nemrut Bay at highway, Turkish and IFC yearly limits of 40 µg/m3 for 
human health and vegetation were exceeded. At Aliağa Town, Turkish and IFC limits for vegetation 
were exceeded. However, it should be indicated that Golder’s study is a montly measurement. Aliağa 
Environmental Baseline Project reported, the values at industrial facilities, İzmir-Çanakkale highway, 
Yeni Foça highway (scrap iron transportation route for iron&steel industries) either exceeded or were 
close to the limit.  


The regional dispersion map prepared by Aliağa Environmental Baseline Project (Figure C.12.3-7 ) 
indicated that at the forestry west to the Project Site NO2 level is below 40 µg/m3 limit. Contribution of 
the Project was calculated as 0.6-1.0 µg/m3 in this area. Hence, Project’s impact on this forestry will be 
negligible. 


Present concentrations in Bozköy were measured as NO2 – 29 µg/m3 and NOx - 35 µg/m3 by Golder. 
Yearly Turkish and WHO limits can not be compared with these montly results, however it can be said 
that NOx value is already close to the yearly Turkish and WHO limits for ecosystem. The value was 
calculated through modelling as 13-20 µg/m3 by Aliağa Environmental Baseline Project. Contribution 
of the Project was calculated by the Local EIA as 1-10 µg/m3 in this area. However, the calculated 
value for project contribution was 1.0-1.15 µg/m3 by Aliağa Environmental Baseline Project. The 2012 
modelling studies shows that the project contribution will be negligible. 


Residual Impacts on Protected Areas and Wildlife 


Aliağa Bird Stopover/watching area is located at northeast to the Project Site at a distance of ̴ 7 km 
from mapping Figure C.12-3 Dispersion of SO2, NO2, CO and PM from the Project will not have a 
major contribution to the present air quality in this region. As mentioned in Section C8: Climate & 
Meteorology and in Section C.12.4.2 above, the prevailing winds within the year are east-southeast 
(ESE) directed (26.6%) and average wind velocity for this direction is 1.74 m/s. The strongest wind is 
southwest (SW) directed with 31.0 m/s and observed on November. Due to the fact, that the bird 
reservation area is not located at the direction of prevailing winds, and Project contribution to air 
quality levels for SO2, NO2, CO, and PM10 are low, potential effects would be low.  


Residual Impacts on Cultural Assets 


Located at the east coast of the Nemrut Bay, approximately 8 km southeast of the Project Site, the 
only known archeological and cultural property in Aliağa region is Kyme antique city. Kyme is 
registered as a third degree archaeological site. Third degree archaeological sites are the 
archaeological sites on which can be allowed modifications in line with the decisions taken by 
authorities. With the low level air pollution contributions of the Project, no impact is predicted on Kyme 
site.  


Table C.12.4-7: Residual Impact Classification for Construction Phase Air Impacts 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Air Quality - 2: What effects will the Project have on air quality regarding human health and 
ecosystem during operations due to SOx and NOx emissions? 


Negative Low to 
moderate 


Local  Medium 
term 


Yes Continuous Low 


Monitoring 


Turkish Regulation on Industrial Pollution Control – Annex 3 d) provides the following requirements for 
Continuous Emission Measurement (CEM): 
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• The facilities with a dust (PM) emission of 10 kg/hr and more, should install a CEM 
device with printer for continuous measurement of dust concentration and volume 
flowrate. 


• Among the facilities generating dust emissions listed in Annex-1 g); the facilities 
generating Class-I dust emissions (including Nickel and Vanadium) over 2 kg/hr and 
generating Class-II emissions over 5 kg/hr should be installed with CEM devices. 


• The facilities generating gas emissions over the following values should be installed 
with CEM devices. Volume flowrates should also be measured. The devices should be 
controlled by automatic computer system: 
o SO2  : 60 kg/hr, 
o Organic compounds : 10 kg/hr (as Carbon) 
o NOx  : 20 kg/hr 
o H2S :   1 kg/hr 
o CO (combustion) :   5 kg/hr 


The Project emissions were calculated as follows: 
o Dust (PM10) :   10.20 kg/hr (for worst-case conditions) 
o SO2  :   32.30 kg/hr, 
o Organic compounds :     9.90 kg/hr 
o NOx  : 102.04 kg/hr 
o CO (combustion) : 102.14 kg/hr (for worst-case conditions) 


Accordingly, the Refinery stacks will be equipped with CEM devices for all the parameters. An on-line 
connection will be established to the Provincial Directorate of Environment and Urbanization for 
monitoring.  


In addition, one or two on-site measurement devices will be located within the Refinery Area for 
monitoring the ambient air quality.  


As the present air quality in Aliağa region is affected by a number of existing industrial facilities and is 
at critical levels, regional monitoring and mitigation measures should be jointly employed by the 
industries, as required by the Governmental Authorities and recommended by Aliağa Regional 
Environmental Baseline and Assimilative Capacity Determination Project. STAR Project will be a part 
of these monitoring studies and mitigations. 


 Although the incremental change due to the Project is negligable, the air quality will be periodically 
monitored by the Refinery at the area or any regional study will be supported.  
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C.13 Noise 


C.13.1 Introduction 


This section presents the baseline assessment and impact assessment for noise and vibration during 
construction and operation phases of the Project. 


C.13.2 Study Area 


The closest settlements to the Project Site, where there are potential of disturbance due to noise 
effects, are the lodgments of Petkim located at 2.3 km to the east-southeast of the Project Site and the 
lodgments of Tüpraş Refinery located approximately at 2.5 km to the east of the Project Site. Hence 
the Local Study Area (LSA) for noise and vibration effects was chosen to include an area of the 
Project Site and a 3 km buffer zone around the site.  


C.13.3 Baseline Summary 


Methods 


During the Local EIA studies, day time baseline noise measurements were conducted at 4 points at 
the Project Site and 1 point at the Petkim lodgments on March 02, 2009. One of the points at the 
Project Site was chosen next to the existing Petkim buildings which are currently located within the 
Project Site but will be demolished for the establishment of the Project. An acoustic report was 
prepared for the Project with the results of the measurements. 


In addition to the data and information included in the Local EIA, Golder conducted night time baseline 
noise measurements at Petkim lodgments in the scope of this ESIA, for the required baseline noise 
characterization during night hours. The measurements were conducted on October 25, 2010. 


Hence, the baseline studies in this ESIA were based on the following methodology: 


• Review of the previous baseline studies conducted during the Local EIA including field 
baseline noise measurements; 


• Conducting  additional field noise measurements in the scope of this ESIA; 


• Assessment of the results of previous and recent additional baseline studies.   


Baseline Results 


Baseline Studies During the Local EIA 


Day time noise measurements during the Local EIA studies were carried out at the Project Site and 
the Petkim lodgments, the closest settlements. The measurement points are shown in below figures. 


The results of the measurements are presented in below tables. 


Entire measurement results (in both EIA Reports of Refinery and Petkim Port Extension Projects) and 
the acoustic report (included in EIA Report of Refinery Project) are presented in Appendix 5. 
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Figure C.13.3-1 Locations of Daytime Noise Measurements During Local EIA of Refinery Project 


 


Figure C.13.3-2 Locations of Day, Evening and Night-time Noise Measurements During Local 
EIA of Petkim Port Extension Project 
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Table C.13.3-1: Day-time Noise Measurement Results During Local EIA of Refinery Project 


Measurement point Location Date Noise Level, Leq 
(dBA) 


1 Project Site March 02, 
2009 


57.9 


2 Project Site 52.1 


3 Project Site 48.1 


4 Project Site 48.0 


Petkim lodgments Petkim 
lodgments 


52.9 


 


Table C.13.3-2: Day, Evening and Night-time Noise Measurement Results During Local EIA of 
Petkim Port Extension Project 


Measurement 
point 


Location Date Noise Level, Leq (dBA) 


 


Ld Le Ln 


1 Petkim lodgments  May 19, 2010 56.4 54.8 47.8 


2 Petkim lodgments  57.5 57.7 49.3 


3 Petkim lodgments  56.9 56.2 45.8 


4 Petkim lodgments  47.8 50.6 45.6 


5 Petkim lodgments 60.4 52.6 50.6 


6 Petkim lodgments 56.7 52.5 45.4 


Additional Baseline Studies During this ESIA 


Results of the night time noise measurements conducted within 1-hr period are provided in Table 
C.13.3-3: . 


Table C.13.3-3: Night-time Noise Measurement Results at Petkim Lodgments 


No Measurement Time  Leq 


1 25.10.2010 20:08 56.1 


2 25.10.2010 20:17 55.8 


3 25.10.2010 20:59 52.5 
 


Comparison of Baseline Results with Standards 


According to the Regulation on Assessment and Management of Ambient Noise, Turkish ambient 
noise standards to be complied with by industrial facilities are presented in Table C.13.3-4: . 
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Table C.13.3-4: Turkish Ambient Noise Limits for Industrial Facilities 


Receptor Areas Lday (dBA) Levening (dBA) Lnight (dBA) 


Noise sensitive areas where education, culture and health 
facilities and camping areas are densely located  


60 55 50 


Areas where commercial buildings and noise sensitive areas 
are located but residential houses are densely located  


65 60 55 


Areas where commercial buildings and noise sensitive areas 
are located but business buildings are densely located 


68 63 58 


Industrial areas 70 65 60 


 


Ambient noise limit values provided by IFC General EHS Guidelines - Environmental Noise 
Management are presented in Table C.13.3-5: .  


Table C.13.3-5: Ambient Noise Standards in IFC General EHS Guidelines 


Receptor 


One Hour LAeq (dBA) 


Day time 


07:00 - 22:00 


Night time 


22:00 - 07:00 


Residential; institutional; educational 55 45 


Industrial; commercial 70 70 


 


The Project Site is classified as a receptor within “industrial areas” in Turkish limits and within 
“Industrial; commercial areas” in IFC limits. Petkim lodgments are classified within the “areas where 
commercial buildings and noise sensitive areas are located but residential houses are densely 
located” in Turkish limits and within “Residential; institutional; educational areas” in IFC limits. 


The baseline measurements indicated that day time existing noise levels at the Refinery Project Site 
varied between 48.0 and 57.9 dBA that complied with the Turkish and IFC limits of 70 dBA for 
industrial sites.  


Day time existing noise level at Petkim lodgments varied between 47.8 dBA and 60.4 dBA which 
complied with the Turkish limit of 65 dBA for residential sites. The value does not satisfy IFC limit of 55 
dBA ay 5 point. 


The existing evening time noise levels at Petkim lodgments in EIA study of Petkim Port complied 
with the Turkish evening limit of 60 dBA for residential sites. The measurement times correspond to 
daytime hours 07:00 - 22:00 in IFC limits. Two measured levels exceeded the daytime limit of 55 dBA 
for residential sites. The existing night time values exceeds the IFC limit of 45 dBA for night time. 


The existing evening time noise levels at Petkim lodgments according to Golder measurements 
were 52.5, 55.8 and 56.1 dBA during the period of 20:08 - 20:59 hrs. The measured levels complied 
with the Turkish evening limit of 60 dBA for residential sitesThe measurement times correspond to 
daytime hours 07:00 - 22:00 in IFC limits. Two measured levels exceeded the daytime limit of 55 dBA 
for residential sites. The night time noise levels(the night time measurements in Local EIA of Petkim 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA-  Final 282  
 


Port Extension Project)  exceed the IFC limit of 45 dBA for night time hours 22:00 – 07:00. The three 
measured values are very close to the limit of 45dBA.  


C.13.4 Impact Assessment 


Issue Scoping 


Potential impacts from noise and vibration during the construction phase of the Project are caused by 
the construction machines. Construction activities, particularly use of heavy duty vehicles will cause 
noise and vibration. High level of sound lasting for some minutes is expected during some days a 
week during testing and running of the Refinery during operations. Among the other works, pipe 
cleaning and pressure safety valve tests are the works releasing high level of noise. 


Some process units in the Refinery that will routinely and continuously operate will generate noise 
during the operation phase of the Project. 


Potential vibration to occur during the Refinery operations is not expected to be sensed in the 
settlement units out of Project Site; hence it will not cause a negative effect in this scope. 


Based on these issues, the key questions for noise have been defined as follows: 


• What noise effects will the Project have on the local receptors during construction? 


• What noise effects will the Project have on the local receptors during operation? 


Key Question Noise - 1: What noise effects will the Project have on local receptors during 
construction? 


Linkage Evaluation 


Noise will be generated by the construction machines during construction phase of the 
Project. The generated noise will increase the baseline ambient noise levels. Hence the 
linkage is valid. 


Impact Analysis Methods 


During the Local EIA, noise calculations and dispersion modeling were conducted for the 
generated noise during the construction phase of the Project.  


Impact Assessment Criteria 


The criteria for rating noise impacts are presented below. 


Table C.13.4-1:  Noise Impact Description Criteria 


Resource Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 
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Noise positive:  a 
decrease in 
noise levels 


negative:  
an increase 
in noise 
levels 


negligible:  
no projected 
increase in 
ambient noise 
levels 


low:  
increased 
noise levels 
do not exceed 
the applicable 
criteria  


moderate:  
increased 
noise levels 
exceed the 
applicable 
criteria, but 
are <10dB(A) 
above 
ambient levels 


high:  
increased 
noise levels 
exceed the 
applicable 
criteria by 
more than 
10dB(A) 


local:  effect 
restricted to 
LSA 


or 


regional 


short-term: 
construction 


medium-
term: 
operations 


long-term:  
>operations 


reversible  


or 


irreversible  


low:  occurs 
once 


medium:  
occurs 
intermittently 


high:  occurs 
continuously 


Impact Analysis Results 


Noise to be generated during the construction stage of the Project is local and temporary and it will 
finish at the end of construction.  


Effect of vibration is not expected to go beyond the construction site considering the machinery and 
equipment to be used in construction.  


The Regulation on Assessment and Management of Ambient Noise provides noise emission limits for 
construction sites as presented in Table C.13.3-4:  and Table C.13.4-2: . Accordingly, level of the 
noise generated by the construction of the Project should not exceed 70 dBA. 


Table C.13.4-2: Ambient Noise Limits of Turkish Legislation for Construction Sites 


Type of Activity L-day (dBA) 


Building 70 


Road 75 


Other Sources 70 


 


Expected number and types of the machinery and equipment to be used at the Project Site during 
construction and the corresponding sound levels are provided in Table C.13.4-3: .  


  







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA-  Final 284  
 


 


Table C.13.4-3:  Expected Sound Levels of Machinery and Equipment to be used During 
Construction 


Machinery / Equipment Number Expected Sound Level dB (LW) (*) 


Bulldozer 5 101 


Truck 15 101 


Water Truck 2 101 


Generator 5 97 


Excavator 5 101 


Loader  7 103 


Road Roller 2 106 


Crane 1 101 


Welding Machine 4 97 


(*) Sound levels were determined according to the standards provided in Regulation on Ambient Noise 
Emissions Generated by the Equipment Used in Outdoor Places published in the Official Gazette 
no: 26179 on May 27, 2006. 


The sound power levels of the construction equipment will be at the octave bands of 63Hz, 125Hz, 
250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz and 8000Hz.  


Accordingly, total sound power level at each octave band (LWT) and total sound pressure level (LPT) 
generated at the Project Site were calculated by using the following formula and by the assumption of 
the worst case, in which all machines are operated simultaneously in the same place:  


 


The decreasing equivalent noise levels (Leq)  by the atmospheric absorption as moving away from the 
point of noise generation were calculated at various distances by using the following formula (example 
calculation for 4000Hz at 100 m): 


             


 


The equivalent noise levels calculated for various distances from the Project Site are given in Table 
C.13.4-4: . Note: no atmospheric absorption (Aatm) has been applied to the distances of 0- 50 m. 
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Table C.13.4-4: Noise Levels Generated by the Construction Site by Distance (dB) 


Distance(m) Noise Level (dB) 


63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz 


10 86,9 86,9 86,9 86,9 86,9 86,9 86,9 86,9 


25 79,0 79,0 79,0 79,0 79,0 79,0 79,0 79,0 


50 72,9 72,9 72,9 72,9 72,9 72,9 72,9 72,9 


100 66,9 66,9 66,9 66,9 66,8 66,5 65,3 60,4 


250 59,0 58,9 58,9 58,9 58,7 57,9 54,9 42,7 


500 52,9 52,9 52,9 52,8 52,4 50,9 44,8 20,4 


1000 46,9 46,9 46,8 46,7 45,9 42,8 30,6 0,0 


2000 40,9 40,9 40,8 40,4 38,9 32,8 8,3 0,0 


5000 32,9 32,9 32,6 31,7 27,8 12,6 0,0 0,0 


7500 29,4 29,3 28,9 27,5 21,8 0,0 0,0 0,0 
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In the calculation of atmospheric-weighted (A-weighted) sound pressure levels, the following 
correction terms were used for each octave band and A-weighted noise levels calculated for various 
distances are given in Table C.13.4-5: . 


For  63 Hz = - 27 dB   For 1 KHz = 0 dB 
For 125 Hz = - 15 dB   For 2 KHz = 1 dB 
For 250 Hz = - 10 dB   For 4 KHz = 1 dB 
For 500 Hz = - 3 dB   For 8 KHz =-1 dB 


Table C.13.4-5: A-weighted Noise Levels Generated by the Construction Site by Distance (dBA) 


Distance(m) Noise Level (dBA) 


Leq 63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz 


10 93,9 59,9 71,9 76,9 83,9 86,9 87,9 87,9 85,9 


25 85,9 52,0 64,0 69,0 76,0 79,0 80,0 80,0 78,0 


50 79,9 45,9 57,9 62,9 69,9 72,9 73,9 73,9 71,9 


100 72,7 39,9 51,9 56,9 63,9 66,8 67,5 66,3 59,4 


250 63,8 32,0 43,9 48,9 55,9 58,7 58,9 55,9 41,7 


500 56,9 25,9 37,9 42,9 49,8 52,4 51,9 45,8 19,4 


1000 49,7 19,9 31,9 36,8 43,7 45,9 43,8 31,6 0,0 


2000 42,3 13,9 25,9 30,8 37,4 38,9 33,8 9,3 0,0 


5000 32,1 5,9 17,9 22,6 28,7 27,8 13,6 0,0 0,0 


7500 27,3 2,4 14,3 18,9 24,5 21,8 0,0 0,0 0,0 


10000 23,9 0,0 11,8 16,3 21,4 16,7 0,0 0,0 0,0 


 


Equivalent noise levels with respect to distance from the Project Site during construction are given in 
Figure C.13.4-1 . 
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Figure C.13.4-1 Equivalent Noise Levels with respect to Distance from the Project Site during 
Construction  


Based on the calculations, the noise level at 10 m from the Project Site is 93.9 dBA that exceeds the 
70 dBA limit. However, the level decreases below the limit after 100 m from the Project Site. The 
estimated noise level at Petkim lodgments, located at 2,271 m from the Project Site, is approximately 
40.9 dBA.  However, given that the noise generated at the Project Site was calculated for the worst 
case, in which all machines are operated simultaneously in the same place, and knowing that the 
equipments will never be operated at once, the actual noise levels at Petkim lodgment is expected to 
be lower than the calculated value of 40.9 dBA.  


As described under the baseline results above, the existing day time noise level at Petkim lodgment 
was 52.9 dBA which complied with the Turkish limit of 65 dBA, and complied with but was closer to 
the IFC limit of 55 dBA. The existing night time noise levels at Petkim lodgments were 52.5, 55.8 and 
56.1 dBA during the period of 20:08 – 20:59 hrs. The measured levels complied with the Turkish limits 
of 60 dBA for evening.. Two measured levels exceeded IFC day time (07:00 – 22:00) limit of 55 dBA; 
and those measured values (the night time measurements in Local EIA of Petkim Port Extension 
Project) would exceed the limit of 45 dBA for night time but will be in compliance of Turkish regulatory 
limits.  


The Acoustic Report prepared for the Project (presented in Appendix 5) calculated the day time 
cumulative noise level at Petkim lodgments composed of the background noise level at the lodgments 
and the maximum equivalent noise level expected to be generated by the Project construction 
activities. Golder calculated the cumulative maximum night time noise level based on the results on 
supplementary noise measurements during night hours. Calculated levels are indicated in Table 
C.13.4-6:  below.  
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Table C.13.4-6:  Cumulative Noise Levels at Petkim Lodgments During Construction Stage 


Noise Levels L daytime (dBA) 
(Local EIA 


measurements and 
Acoustic Report) 


L nighttime (dBA) 
(average of the night 
time measurements 


in Local EIA of 
Petkim Port 


Extension Project) 


Background Noise Level Measured in Petkim Lodgments 52.9 47.4 


Max. Noise Level to be Generated by Construction Activities 40.9 40.9 


Cumulative Noise Level 53.2 47.4 


 


The present day time ambient noise level, measured as 52.9 dBA, complied with the Turkish 
regulatory limit of 65 dBA and was already close to IFC guideline value of 55dBA. The calculated 
cumulative day time noise level of 53.2 dBA still complies with Turkish and IFC standards. 
Contribution by construction activities appears to be negligible. 


The present night time ambient noise level, measured as 47.4 dBA, complies with the Turkish 
regulatory limit of 55 dBA and slightly exceeds the IFC guideline value of 45dBA. The calculated 
cumulative night time noise level of 47.4 dBA still complies with Turkish regulatory limts but 
slightlyexceeds  IFC standards. Contribution by Project construction activities is predicted to be 
negligible. 


Mitigation 


During the construction stage, provisions of the “Regulation on Assessment and Management of 
Environmental Noise” and “Regulations on Work Health and Safety" will be followed with the purpose 
of protecting health of employees with respect to noise. Accordingly: 


• Appropriate personal protective equipment and materials such as helmet, ear 
protector or ear plug will be provided to protect workers from noise.  


Having Petkim and Tüpraş Refinery lodgments in close vicinity, the construction activities will be 
limited during night time. 


The following control measures recommended by IFC will be applied where possible: 


• Selection of equipment with lower sound power levels;  
• Installing silencers for fans; 
• Installing suitable mufflers on engine exhausts and compressor components; 
• Installing acoustic enclosures for equipment casing radiating noise; 
• Installing vibration isolation for mechanical equipment; 
• Limiting the hours of operation for specific pieces of equipment or operations, 


especially mobile sources operating through community areas; 
• Reducing project traffic routing through community areas wherever possible; and 
• Developing a mechanism to record and respond to complaints. 


In addition, regular maintenance will be made for the construction equipment to ensure 
decreasing the possible high noise levels generated by the equipment. 
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Given the already high ambient noise levels at the Petkim lodgments, consideration will be given to 
providing additional sound barriers. This could include strategic location of salvaged soil and the siting 
of tree plantings.  


In order to reduce the potential noise impacts on the residential areas and hospitals in Aliağa Town 
and other settlements, the truck transportation period during construction phase will be limited to 07:00 
– 23:00 hrs. 


Residual Impacts 


Based on the analysis above, residual impacts of the construction activities were assessed as 
indicated below. 


 


Table C.13.4-7:  Residual Noise Impacts During Construction Phase 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence 


Key Question Noise - 1: What noise effects will the Project have on local receptors during 
construction? 


Negative Low  Local Short term Reversible High Low 


 


Monitoring 


Noise monitoring will be conducted at the Project Site during construction phase. In addition Petkim 
workers will be interviewed prior to construction to see if ambient noise levels, especially at night, 
represent an issue.  


The effect of the Project on the closest settlement, Petkim lodgments will be low. No monitoring is 
required at the lodgments, except if complaints are received 


Key Question Noise - 2: What noise effects will the Project have on local receptors during operations? 


Linkage Evaluation 


Noise to be generated within the scope of the Project during operation phases will arise from the 
Refinery units. The generated noise will increase the ambient noise levels. Hence, the linkage is valid. 


Impact Analysis Methods 


Noise impacts analysis for the operation phase of the Project is based on the following methodology: 


• Review of the acoustic report conducted for local EIAs;  
• Review of Project description and characteristics; and 
• Use of Turkish Legislation and  IFC Guideline  


Impact analysis is based on the results of the calculations and modeling conducted during Local EIA 
studies and the assessment of the results against Turkish and the IFC requirements. 


Impact Assessment Criteria 


The impact assessment criteria are as provided above. 
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Impact Analysis Results 


The noise to be generated during Project operation is expected to be caused by the process units 
which will routinely and continuously operate. 


The Regulation on Assessment and Management of Ambient Noise provides noise limits for industrial 
facilities as presented in below table. Accordingly, level of the noise generated by the construction of 
the Project should not exceed 70 dBA. 


Table C.13.4-8: Turkish Ambient Noise Limits for Industrial Facilities 


Receptor  LAeq (dBA) 
Day-time 


LAeq (dBA) 
Evening-time 


LAeq (dBA) 
Night-time 


Noise sensitive areas - with training, culture and health areas, 
summer houses and camps 


60 55 50 


Combination of commercial and noise sensitive areas - with 
dense residential buildings  


65 60 55 


Combination of commercial and noise sensitive areas with 
dense commercial buildings 


68 63 58 


Industrial areas 70 65 60 


 


The expected noise generating units and equipments to be used during the operation of the Project 
and their corresponding sound levels are presented in Table C.13.4-9: . 


Table C.13.4-9: Sound Levels of Potential Noise Generating Units and Equipments in the 
Refinery During Operation Stage 


Source Number Sound Level dB (LW) * 


Pump 78 73.8 


Compressor 13 106.1 


Furnace 18 104.3 


Flare Stack 2 112.1 


*Sound levels of the sources were taken from software Source DB Version 1.1. 
 


The sound power levels of the operation equipment to be used in the construction site shall be at the 
octave bands of 63Hz, 125Hz, 250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz and 8000Hz. Total sound 
power level at each octave band (LWT) and total sound pressure level (LPT) at the Project Site were 
calculated as follows. 


 


The decreasing equivalent noise levels (Leq) by the atmospheric absorption as moving away 
from the point of noise generation were calculated at various distances by using the following 
formula (example calculation for 4000Hz at 100 m): 
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f = Frequency of Transmitted Sound (63 Hz,125 Hz,250 Hz, 500 Hz,1 KHz,2KHz,4KHZ,8KHz 


r = distance from the source 


ġ = Relative Humidity (72,74%) 


Leq (at 4000 Hz and at a distance of 100 m) 


 


The equivalent noise levels calculated for various distances from the Project Site are given in Table 
C.13.4-10: . Note that no atmospheric absorption (Aatm) was applied to the distances of 0- 50 m. 


Table C.13.4-10: Estimated Decreasing Noise Levels by Distance during Operation (dB) 


Distance(m) Noise Level (dB) 


63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz 


10 90,3 90,3 90,3 90,3 90,3 90,3 90,3 90,3 


25 82,3 82,3 82,3 82,3 82,3 82,3 82,3 82,3 


50 76,3 76,3 76,3 76,3 76,3 76,3 76,3 76,3 


100 70,3 70,3 70,3 70,3 70,2 69,9 68,7 63,8 


250 62,3 62,3 62,3 62,3 62,1 61,3 58,3 46,0 


500 56,3 56,3 56,3 56,2 55,8 54,3 48,2 23,7 


1000 50,3 50,3 50,2 50,0 49,3 46,2 34,0 0,0 


2000 44,3 44,2 44,1 43,8 42,2 36,1 11,7 0,0 


5000 36,3 36,2 36,0 35,0 31,2 16,0 0,0 0,0 


7500 32,8 32,7 32,3 30,9 25,2 2,3 0,0 0,0 


 


In the calculation of A-weighted sound pressure level, the following A-weighted correction terms were 
used for each octave band. The results and total noise levels (Leq) calculated for various distances are 
given in Table C.13.4-11: . 


For  63 Hz = - 27 dB   For 1 KHz = 0 dB 
For 125 Hz = - 15 dB   For 2 KHz = 1 dB 
For 250 Hz = - 10 dB   For 4 KHz = 1 dB 
For 500 Hz = - 3 dB   For 8 KHz =-1 dB  
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Table C.13.4-11: Estimated Noise Level Values during Operation by Distance (dBA) 


Distance(m) Noise Level (dBA) 


Leq 63Hz 125Hz 250Hz 500Hz 1000Hz 2000Hz 4000Hz 8000Hz 


10 97,2 63,3 75,3 80,3 87,3 90,3 91,3 91,3 89,3 


25 89,3 55,3 67,3 72,3 79,3 82,3 83,3 83,3 81,3 


50 83,2 49,3 61,3 66,3 73,3 76,3 77,3 77,3 75,3 


100 76,1 43,3 55,3 60,3 67,3 70,2 70,9 69,7 62,8 


250 67,2 35,3 47,3 52,3 59,3 62,1 62,3 59,3 45,0 


500 60,3 29,3 41,3 46,3 53,2 55,8 55,3 49,2 22,7 


1000 53,1 23,3 35,3 40,2 47,0 49,3 47,2 35,0 0,0 


2000 45,7 17,3 29,2 34,1 40,8 42,2 37,1 12,7 0,0 


5000 35,5 9,3 21,2 26,0 32,0 31,2 17,0 1,0 0,0 


7500 30,7 5,8 17,7 22,3 27,9 25,2 3,3 1,0 0,0 


10000 27,6 3,2 15,1 19,6 24,7 20,1 1,0 1,0 0,0 


 


Equivalent noise levels with respect to distance from the Refinery during operation stage are given in 
Figure C.13.4-2 .  


 


Figure C.13.4-2 Equivalent noise levels with respect to distance from the Refinery 
during operation stage 


Regulatory noise limits for industrial sites are 70 dBA for daytime, 65 dBA for evening time and 60 
dBA for night time. Based on the calculations, the noise level at 10 m from the Project Site is 97.2 
dBA that exceeds the regulatory limits. However, the level decreases to the day time regulatory limit at 
250 m distance and night time limit at 500 m from the Project Site. There is no settlement or residential 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061- ESIA-  Final 293  
 


area in that distance in noise impact area of the project. The closes settlement area is the Petkim 
lodgements. 


The estimated noise level at Petkim lodgments is approximately 44.3 dBA. The Acoustic Report 
prepared for the Local EIA calculated the day time cumulative noise level at Petkim lodgments 
composed of the background noise level at the lodgments and the maximum equivalent noise level 
expected to be generated by the Refinery operation activities. Golder calculated the cumulative 
maximum night time noise level based on the results on supplementary noise measurements during 
night hours. Calculated levels are indicated in Table C.13.4-12:   


Table C.13.4-12: Cumulative Day Time Noise Level in Petkim Lodgments during Operation 
Stage 


Noise Levels L daytime (dBA) 
(Local EIA 


measurements and 
Acoustic Report) 


L nighttime (dBA) 
(Average of the 
night time 
measurements in 
During Local EIA of 
Petkim Port 
Extension Project 


) 


Background Noise Level Measured at Petkim Lodgments 52.9 47,4 


Max. Noise Level to be generated by the Project’s Operation 
Activities 


44.3 44.3 


Cumulative Noise Level 54.0 47.4 


The present day time ambient noise level, measured as 52.9 dBA, complied with the Turkish 
regulatory limit of 65 dBA and was already close to IFC guideline value of 55 dBA. The calculated 
cumulative daytime noise level of 54.0 dBA still complies with Turkish and IFC standards. Contribution 
by construction activities appears to be negligible. 


The present night time ambient noise level, measured as 47.4 dBA, complies with the Turkish 
regulatory limit of 55 dBA and slightly exceed the IFC guideline value of 45dBA. The calculated 
cumulative night time noise level of 47.4 dBA complies with the Turkish regulatory limit of 55 dBA  and 
still slightly exceeds IFC standards. Contribution by construction activities is predicted to be negligible. 


The Acoustic Report also carried out another computer noise modeling, called as P&K 2717. Noise 
Map for the Project Site and Surroundings obtained from the P&K 2717 modeling studies is shown in 
Figure C.13.4-3  below. 
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Figure C.13.4-3 P&K 2717 Noise Modeling Map for Project Site and Surrounding 
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Through the P&K 2717 computer modeling, the noise level generated by the Project operations at 
Petkim lodgments was 26.7 dBA, instead of 44.3 dBA manually calculated by the abovementioned 
formulas. The reasons for the difference between the results obtained from Model P&K 2714 and the 
manual calculations were described as follows: 


• In the calculation by the P&K 2717 Model, the locations of the noise sources during 
the operation of the Project were entered as the actual locations. However, in the 
manual calculations, it was assumed that all noise sources are located at the closest 
point of the Project Site to the settlements. 


• The buildings between the noise sources and the closest settlement are entered into 
the Model. However, in the manual calculations, it was assumed that there is no 
building in between. 


• Noise source can be entered into the Model as a point or area source. Manual 
calculations consider the source as a point.  


The cumulative day time and night time noise levels at Petkim lodgments based on by P&K 2717 
Modeling Results are given in Table C.13.4-13: . 


Table C.13.4-13: Cumulative Day Time Noise Level at Petkim Lodgments During Operation 
Stage Calculated by P&K 2717 Modeling  


Noise Levels L daytime (dBA) 
(Local EIA measurements 


and Acoustic Report – P&K 
2717 Model calculations) 


L nighttime (dBA) 
(Average of the night 
time measurements in 
During Local EIA of 
Petkim Port Extension 
Project 


) 


Background noise level measured at Petkim lodgments 52.9 47,4 


Max. noise level to be generated by the Project operation  26.7 26.7 


Cumulative Noise Level 52.9 47.4 


 


Mitigation 


The provisions of the Regulation on Assessment and Management of Ambient Noise and Regulations 
on Work Health and Safety will be followed with the purpose of protecting health of employees with 
respect to noise. Accordingly, appropriate personal protective materials such as helmet, ear protector 
or ear plug will be given to protect workers from noise. In addition, maintenance of the equipment will 
be made regularly to ensure high noise levels are minimized. 


Following methods will be applied to reduce the potential noise effects during the Project operations:  


• Designing main substation in a way to decrease noise generation; 
• Fuel gas measurement and control systems having low noise; 
• Entry and exit mufflers to cooler fans; 
• Auxiliary engine, pump, compressor and valves having low noise; 
• Limiting trucks transportation only within daylight hours;  
• Topsoil salvage areas will as possible be located to aid in providing sound barriers; 


and  
• Trees will also be planted around the Project Site to establish a sound barrier. 
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Residual Impacts 


The residual noise impacts during operation phase, after mitigation measures, are expected as 
indicated in Table C.13.4-14: . Referring to Figure C.13.4-2  and Figure C.13.4-1  and the noise 
modelling results in the noise map in Figure C.13.4-3 ; any settlement areas close enough to be 
impacted by the noise during the operation phase is not foreseen. The project is not expected to 
create non-compliant noise impact on the residential suburbs. 


 


Table C.13.4-14:  Residual Noise Impacts During Operation Phase 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental 
Consequence  


Key Question Noise - 2: What noise effects will the Project have on local receptors during 
operations? 


Negative Low  Local Medium term Reversible High Low 


 


Monitoring 


Regular in-door and outdoor noise monitoring will be conducted at the Project Site. Noise monitoring is 
not required at the Petkim lodgments, unless complaints are received.  
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C.14 Traffic 


C.14.1 Introduction 


The purpose of the Traffic Impact Assessment is to describe the transportation aspects of the 
proposed Project, to assess the resulting effects on people and vehicles in the study area and to 
outline the ways in which expected traffic related impacts can be mitigated. The available data and 
information taken from STAR, the Local EIA and the Petkim Port Extension EIA studies were used to 
consider and evaluate traffic options and design measures to manage potential adverse effects.  


C.14.2 Study Area 


The main existing access roads to be used for the Project are D550 highway, connecting Aliağa-
Çanakkale and Aliağa-Izmir state highway and Necmettin Giritlioğlu Street connecting D550 highway 
to the Project Site. Effects on traffic along these local routes are assessed further. 


C.14.3 Baseline Summary 


Methods 


The Local EIA and Port Extension EIA studies were used as a guide for the developing baseline 
information around the study area. 


Baseline Results 


Both D550 and Aliağa-Izmir highways are two-lane, paved roads in good condition. During the 
construction and operation period of the Project the existing roads will be used. “However, the roads in 
the Project site will be constructed with mechanical stabilized earthwall. The final roads in the refinery 
side shall be paved with concrete. 


These implementations will be carried out in coordination with the related regional affices of the 
Directorate General for Highways.” Local government  authorities provide guidance during the permit 
process for the new damping area with traffic, safety and enviromental aspects. 


The land traffic in the construction phase is generated by the machinery, equipment, material and staff 
to be transported to the Project Site. Construction will cause a temporary increase in the regional land 
traffic. The satellite image of the access routes of the Project Site is presented by Figure C.14.3-1 . 
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Figure C.14.3-1 The satellite view of the access roads to the Project site 


Refinery Entrance 


Necmettin Giritlioglu St. 


Izmir-Çanakkale Highway 
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Based on the 2008 data available from General Directorate of Highways, the traffic flow of Aliağa is 
estimated as 15,000 to 19,900 vehicles per day. According to this data, the southbound and 
northbound baseline traffic volumes over 24-hour periods for the key public access routes are 
provided in Table C.14.3-1: . 


Table C.14.3-1: The Daily Traffic Flow of Izmir-Aliağa Highway 


Vehicle Type Vehicle Flow Southbound Vehicle Flow Northbound 


Private cars 14,106 6,518 


Commercial cars 913 595 


Buses 356 267 


Trucks 2,621 1,223 


Trucks with trailers 1,316 657 


Total  19,312 9,260 


 


The operational stage of the STAR Marine Terminal Project will increase the marine traffic. Although 
petrochemical feedstock output of the Refinery will be sent to Petkim to be used as raw material, the 
excess products will be partly transported via marine line.  


With the project, it is estimated that a total number of 1,089 ships/tankers of varying capacities will 
come along. . In the scope of STAR, a total number 405 and capacity of 14,916,500 tonnes 
ships/tankers is estimated to come along per year. The estimated amount of the raw materials and 
liquid products to be transported for STAR by marine transportation is provided below. 


Table C.14.3-2:  Marine Traffic Load due to the Project 


Product Amount to 
be shipped 
(t/y)  


Cargo Ship 
Size (tone) 


Cargo Ships 
per year  


FROM REFINERY TO CARGO 
SHIP 


  
 


Products    
Liquids:    


Autogas LPG (5) 34,596 5,000 7 
Light Naphtha (5) 104,649 5,000 21 


High RON Reformate (5) 484,370 5,000 97 
Mixed Xylene (5) 118,861 5,000 24 


 Jet Fuel (5) 
500,000 15,000 16 


 10,000 26 
 Diesel (without national marker) 


(5) 
295,060 35,000 


8 


Diesel (with national marker) (5) 


1,032,709 35,000 30 


1,622,828 15,000 40 
 10,000 35 
 5,000 134 


FROM CARGO SHIP TO 
REFINERY 


  
 


Import 
  


 


Crude Oil (5) 
10,291,623 150,000 69 
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Regarding the current port traffic arrangements the following figure is presented showing the marine 
traffic route defined for the Nemrut bay by the Harbor Legislation dated 25.01.2013. This legislation 


forbids the fishing and water sporting at defined  traffic routes of the marine vessels approaching to 


the coastal loading/unloading facilities. 


 


 


Figure C.14.3-2 Legally defined marine traffic route at Nemrut bay 
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C.14.4 Impact Assessment 


Issue Scoping 


The issues relating to increased traffic based on the consultation and a professional review include: 


• Changes in land traffic; and 
• Noise and air pollution due to the heavy duty vehicles. 


Based on these issues, the key questions for traffic load have been defined as: 


• What effects will truck transportation and marine traffic have on traffic flow? 
• What effects will truck transportation have on noise level? 
• What effects will truck transportation have on air pollution? 
• What effects will marine traffic have on marine encironment and ecosystems? 


 
Key Question Traffic 1: What effect will Project traffic have on land traffic flow?  


Linkage Evaluation 


The linkage of potential impacts of truck transportation during the construction and operation period is 
valid due to increased flow and is therefore assessed further below.    


Impact Analysis Methods 


Changes in traffic volumes due to the Project are provided based on estimates of the number of 
personal vehicles, supply trucks and buses (transporting workers) that will be required on a daily basis 
for the project for land transportation and number and capacity of shipping for marine transportation. 
The effects of traffic are assessed quantitatively for traffic volume and traffic accident rates, based on 
the data received from STAR and assumptions made by Golder. The approximate number of vehicles 
and shipping required for construction and operation of the Project were provided by STAR and used 
to calculate proportional effects in comparison to baseline conditions 


Impact Assessment Criteria 


The criteria for rating impacts for traffic are presented in Table C11-2. 


 


 


Table C.14.4-1: Traffic Impact Description Criteria 


Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 
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Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive, 
negative or 
neutral  


negligible: no 
change from the 
current conditions 
low: near (i.e., slightly 
above) current 
conditions 
moderate: above 
current conditions 
high: substantially 
above current 
conditions 


local: effect 
restricted to the 
LSA 


regional: effect 
extends beyond 
the LSA to the 
Project region 


beyond regional: 
effect extends 
beyond the 
Project region 


short-term: 
<5 years 


medium-term: 
5 to 49 years 


long-term:  
>49 years 


reversible or 


irreversible  


low: occurs 
once 


medium: 
occurs 
intermittently 


high: occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs (considers a 4-5 year 


construction period and a 45-year operations period) 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


Impact Analysis Results 


The greatest potential for traffic impacts to occur arises during the construction period. There is some 
potential for increased congestion on the main roads to the Project Site; however these impacts will 
only occur during construction phase.  


During the construction phase, over the course of four to five years, there will be three separate 
transportation requirements: STRAŞ estimates a total number of 561 trucks needed daily during the 
course of the excavation of the Project Site assuming: 10 month excavation period, 47 truck deliveries 
of large plant equipment material per day, and access of workers to the Project Site. 


An estimated 7,000 construction workers will be at the Project Site at peak. Travel patterns and origins 
of travel are expected to vary. For example, blue collar labor will stay locally at construction camps 
close to the Project Site and in Aliağa Town as possible; whereas part of white collar labor is likely to 
be housed in the region such as Izmir City. The additional traffic may result from the labor commute is 
based on the following assumptions. It has been assumed that the average bus occupancy will be 40 
people. The results are presented below. 


Table C.14.4-2: The estimated routes and vehicle distribution during construction period 


Grade of 
Workers 


Number of 
Workers 


Mode Share 


On site 
Accommodation 


Commute from 
Aliağa 


Commute from  
Other Places 


Private 
Car 


Bus Private  
Car 


Bus 


STAR Administrative Staff 100 10% 0% 0% 80% 20% 


STAR Engineers & 
Technical White Collars 


200 50% 10% 0% 50% 40% 


STAR Blue Collars 200 80% 0% 50% 0% 50% 


Sub-contractors 6,800 20% 0% 50% 0% 50% 


 


Table C.14.4-3: The calculated traffic flow during construction 
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Grade of Workers Number of 
Private Cars 


Number of 
Buses 


STAR Administrative Staff 72 0.5 


STAR Engineers & Technical White Collars 60 1 


STAR Blue Collars 0 1 


Sub-contractors 0 136 


 


The operational phase will need to be assessed in terms of two types of traffic; namely heavy duty 
vehicles for product and materials transportation and employee traffic. The majority of raw materials 
and products will be piped into and out of the Project Site, and thus not require any additional 
vehicular traffic. The exception to this will be sulphur and coke. As given by STAR, the total amount of 
sulphur and coke produced will likely require 120 trucks to transport it away. Around 600 staff is 
expected to use the site on a daily basis. The similar assumptions were used for the operations 
related employee traffic. The results of the analysis are presented in the following tables. 


Table C.14.4-4: The estimated distribution during operations period 


Grade of Workers Numbe
r of 


Mode Share 
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On site 
Accommodation 


Commute from 
Aliağa 


Commute from  


Other Places 
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Private 
Car 


Bus Private Car Bu
s 


STAR Administrative 
Staff 


100 10% 40% 10% 30% 10
% 


STAR Engineers & 
Technical White Collars 


200 10% 30% 20% 30% 20
% 


STAR Blue Collars 200 40% 0% 50% 0% 50
% 


Sub-contractors 100 0% 0% 50% 0% 50
% 


 


Table C.14.4-1: The calculated traffic flow during operations 


Grade of Workers Number of Private Cars Number of Buses 


STAR Engineers & Technical White Collars 108 2 


STAR Blue Collars 0 3 


Sub-contractors 0 3 


Based on these assumptions, the number of vehicles required and the changes in traffic are 
summarized for construction and operation phases of the Project in Table C.11-7.  


Table C.14.4-2: Changes in Land Traffic due to the Project 


Project Phase Vehicle Types Vehicle Numbers per day Change in Traffic  


Construction  cars 132 Less than 1% 


trucks 608 23% 


buses 139 39% 


total 879 5% 


Operations  cars 178 Less than 1% 


trucks 120 5% 


buses 9 3% 


total 307 Less than 1% 


 


Mitigation 


Main mitigations for traffic will include: 


• Scheduling of traffic to avoid peak hours on local roads; 
• Adopting best transport safety practices with the goal of preventing traffic accidents 


and minimizing injuries suffered by project personnel and the public; 
• Emphasizing safety aspects among project drivers; specifically ensure drivers 


respect speed limits through built areas and urban centers; 
• Ensure contractors regularly maintain vehicles to minimize potentially serious 


accidents caused by for example, brake failure commonly associated with loaded 
construction trucks. 
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Residual Impacts 


During construction, overall traffic increases from the Project are 5%, which is low magnitude. 
However, increases for trucks are buses are up to 39%, which is high. Given these results overall 
magnitude is ranked as moderate. 


During Operations, overall traffic increases are estimated to be 1%, with no vehicle type being more 
than 5%, which is a low magnitude impact.  


Table C.14.4-3: Residual Impact Classification for Traffic 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental 
Consequence 


Key Question Traffic-1: What effect will Project Traffic have on traffic flow? 


Negative Low to 
Moderate 


Local to 
regional 


Medium 
term 


Yes Continuous Low to moderate 


 


Monitoring 


Driver education will be monitored to ensure it takes place, especially during construction and 
including for contractors. 


• Incidents and accidents will be investigated and lessons learned used as necessary 
to improve traffic mitigations.  


• Any traffic comments received during ongoing consultations or from grievances 
received will be considered and as necessary used to improve traffic mitigations. 


Key Question Traffic - 2: What effects will Project traffic have on noise levels?  


The noise assessment of traffic focused on motorized vehicles only. The primary sources of noise 
from motorized vehicles are: 


• Motors; and  
• Interaction of vehicle tires with the road surface. 


The noise generated by individual vehicles used for the Project is expected to be similar to the noise 
of vehicles already in use in and near Aliağa. Therefore changes in noise level would occur based on 
the number of similar vehicles on the roadways. 


Linkage Evaluation 


The linkage of potential impacts of transportation during the construction and operation period is valid 
and is therefore assessed further below. 


Impact Analysis Methods 


The changes in traffic can also be assessed from the receiving environment point of view as the 
number of vehicle “pass-bys” per hour. Vehicles generate noise each time they pass a noise receiver; 
each “pass-by” is a noise event. Assuming 80% of traffic occurs during daylight hours (taken as 15 
hours per day) and that Project related traffic will also be during daylight hours. 
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Impact Assessment Criteria 


The effects of traffic on noise are assessed qualitatively. 


Impact Analysis Results 


Changes to noise levels on the Project access road depend on the amount of existing traffic. For the 
existing portion of the road, the amount of Project traffic on this road is expected to increase as 
described above, therefore some increase in noise levels are expected. Table C.14.4-4: 9 provides the 
results of analysis. 


Table C.14.4-4: Number of Vehicle Pass-Bys (Noise Events) per Daylight Hour 


Vehicle Type 
Baseline Pass-Bys 


per Hour 
Number due 


to Project 
Total Pass-


Bys per Hour 


Construction 


private cars 752 7 759 


transports for people (buses) 19 7 26 


transports for goods (trucks) 140 32 152 


total 911 46 937 


Operation 


private cars 752 10 762 


transports for people (buses) 19 1 20 


transports for goods (trucks) 140 7 147 


total 911 18 929 


 


Mitigation 


Mitigations for noise and vibration caused by Project traffic include: 


• Scheduling Project traffic for daylight hours, where possible, to minimize sleep 
disturbance by increased noise events (this has been assumed in the analysis); 


• Scheduling large vehicle (trucks and buses) trips as convoys to reduce the number of 
times per day a disturbance may occur, if this option is preferred by noise receivers; 
and 


• Maintaining vehicles in good condition to ensure they are no louder than other, similar 
vehicles on the roadways. 


Residual Impacts 


Given the use of the same Project and baseline data as for the first Key Question, the overall 
magnitude rankings and environmental consequence for traffic noise is expected to be similar for 
daylight hours.  


That is, a low – moderate environmental consequence during construction especially related to noise 
from trucks and buses in the local area. At night time during construction and at all times during 
operations the predicted environmental consequence will be low or negligible. 


Monitoring 


• Feedback will be sought from local stakeholders during construction as regards any 
perceived changes in noise impacts linked to heavy traffic. 
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• Should complaints be received during consultation or from grievance mechanism, 
noise monitoring would take place, to clarify levels of impact and to see the role of 
Project traffic in that impact.  


Key Question 3: What effects will have truck transportation have on air quality?  


Linkage Evaluation 


All vehicles will cause emission of CO, HC, NOx and trucks for transportation of excavation material 
will generate dust while transferring material. The major part of these impacts will occur during 
construction phase, hence it is temporary.  


Mitigation 


Mitigations for air quality include: 


• Using closed injection systems and low level volatility of diesel fuel to prevent 
vaporization losses; 


• Minimizing dust from open area sources by using control measures such as installing 
enclosures and covers, and increasing the moisture content; 


• In addition, the exhaust gas emissions arising from the engine land vehicles in traffic 
shall be complied with the Regulation on Control of Exhaust Gas Emissions Arising 
from the Engine Land Vehicles. 


Residual Impacts 


Residual impacts are predicted to be within the current baseline range for roads in and near this 
industrial area.  


Monitoring 


Monitoring will be linked to consultation as described for potential air quality issues raised by local 
stakeholders. 


Key Question 4: What effects will have marine traffic during operation?  


Linkage Evaluation 


The linkage of potential impacts of marine traffic load during the operation period is valid due to 
increased flow and is therefore assessed further below.    


Impact Analysis Methods 


The traffic volumes due to the Project are provided based on estimates of the number of cargo ships 
project for loading and loading at the marine jetty operaions. The effects of traffic are assessed 
qualitatively based on the data received from STAR and assumptions made by Golder. The 
approximate number of existing marine traffic is not accuaretly defined since the data of the 
neighbouring facilities other than Petkim are not available to the project team. However with the 
existing marine traffic load information of Petkim , it is obvsious that there will an increase on the 
marine traffic load resulting impact on the amrine environment and ecosystem services. Rather than 
comparing the project conditions with the whole baseline consitions and impact assessment is focused 
on the potential impact of the STAR marine operations data in comparison with Petkim operational 
data. It was assumed STAR marine operations will have an increasing effect on the existing marine 
traffic in the Nemrut Bay.  
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Impact Assessment Criteria 


The criteria for rating impacts for traffic are evaluated separately for individual elements of the impact: 


• Impacts on marine biological environment in section D.4, 


• Impacts on marine phsysical environment in Section C.8 and C.9 


• Impacts on the ecosysem services: fishing and tourism in section in section E.3 


Impact Analysis Results 


Impact analysis results for marine traffic are given for individual elements of the impact: 


• Impacts on marine environment in section D.4, 


• Impacts on the ecosysem services: fishing and tourism in section in section E.3 


• Impacts on marine phsysical environment in Section C.8 and C.9 


Monitoring 


Defined monitoring requirements for marine traffic impacts are given for individual elements of the 
impact: 


• Impacts on marine environment in section D.4, 


• Impacts on the ecosysem services: fishing and tourism in section in section E.3 


• Impacts on marine phsysical environment in Section C.8 and C.9 
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VOLUME D: BIOLOGICAL COMPONENTS 
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D.1 Introduction  


From the information and data collected at the initial stage, potential impacts of the Project on 
biological components were evaluated and future predictions made. This assisted in the development 
of the mitigations to prevent or minimize the adverse impacts caused by the Project. 


This section included available information on flora, fauna, protected areas and biodiversity for both 
terrestrial, freshwater and marine environment. 


For marine ecology and habitat, site survey was conducted to assess baseline conditions as a part of 
this ESIA study. The findings for that site survey is also included in this Section.  
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D.2 Terrestrial Flora 


This section presents the baseline results and impact assessment for flora and vegetation (habitat). 
Flora and vegetation are potentially impacted by both the direct effects of site clearing for the refinery 
and also the effects of air emissions. In turn, changes in vegetation as a result of the Project have the 
potential to impact fauna. 


D.2.1 Study Area 


The Flora local study area (LSA) comprises the Project site plus a 1 km buffer, deemed appropriate to 
include main impacts from air emissions. However, as noted below, additional impact assessment also 
occurred in the wider air quality assessment area. Field studies were centered on the LSA. 


D.2.2 Baseline Summary 


Methods 


As part of the Turkish EIA process in 2008, literature research and field observations took place to 
document habitat types and species present, or which could be expected to be present, in and nearby 
the Project area. For the floristic structure of project site, the book named “Flora of Turkey and the 
East Aegean Islands” has been utilized. “Büyük Bitkiler Kılavuzu” prepared by Sinasi Akalın and 
“Türkçe Bitki Adları” prepared by Prof. Dr. Turhan Baytop have been used for Turkish names of the 
plants. Field studies in 2008 covered the main habitat classes found in the region and ranked the 
relative abundance of species found. 


Relative Abundance Classes:      
1 – Very Low Abundance      
2 – Low Abundance       
3 – Medium Abundance      
4 – Abundant 
5 – Superabundant 


Threat categories have been determined in line with Turkey’s Endangered Rare and Endemic Plant 
Species (IUCN Red Data Book) categories. TUBITAK’s Data System has also been used during the 
study. In addition, threat categories of plants have been specified in line with “Türkiye Bitkileri Kırmızı 
Kitabı” which was read by Ekim et. al. (2000) and published by Association for Protection of Turkey’s 
Nature. Abbreviations used in determination of threat categories and endemism for plant species are 
as follows: 


IUCN Red Data Book Categories 
EN: Endangered 
CR: Critically Endangered 
VU: Vulnerable 
LR: Lower Risk       
LR (nt): Near Threatened 
LR (cd): Conservation Dependant 
LR (lc): Least Concern 
DD: Data Deficient 
Endemism: L – Local; B – Regional; Y – Endemic 


A second field visit by an ecologist to the Project site and nearby areas took place on August 18th 
2010, as part of an additional biophysical scoping visit.  
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In addition, flora studies took place in April 2010 in the Seyirtepe area, which just south of the Project 
Site in the LSA, as part of the Petkim Port Extension EIA. The flora species list from that study was 
compared to those for the Project and additional species and their listed status noted.  


Baseline Results 


The Project site is included in square B-1 of Grid Square System, which falls within the Mediterranean 
flora region in terms of phytogeography.   


Habitat Types 


A combination of fieldwork and literature study identified the following eight habitat classes 
in and near the LSA: 


Habitat Classes: 
1 – Forest 
2 – Maquis  
3 – Frigana dominated shrubland (plants that are mostly thorny) 
4 – Gardens and agriculture 
5 – Dry meadow 
6 – Moist meadow, marsh and wetland area 
7 – Roadside verges 
8 – Rocky places 
9 – Heavily disturbed by industry 


A simplified set of habitat types and existing broader mapping were used to allowing the 
mapping of habitat within the LSA (Table D.2.2-1: ). 


Table D.2.2-1: Habitat Type Areas within the LSA 


Habitat Types Area within LSA (ha) Percentage 


Forest 348.6 33.2 


Open brushwood and deciduous trees 199.9 19.1 


Heavily disturbed (cleared of vegetation) 40.4 3.9 


Existing development 459.7 43.8 


Total 1048.6 100 


 


The LSA is dominated (43.8%) by existing development comprised of the Petkim and Tüpraş facilities, 
plus a ship dismantling facility Figure D.2.2-1 . The most natural vegetation within the LSA is forest at 
33.2%, followed by open brushwood with some deciduous trees at 19.1%. 
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Figure D.2.2-1 Land use and vegetation within the Flora Local Study Area (LSA) 


As owners of the Project site, Petkim have already heavily disturbed the area. Over time various 
installations have been put on parts of the site and many were subsequently removed. In recent years 
some of the area (around 40 ha) has also been cleared of vegetation to serve as a firebreak between 
the Petkim refinery and the land they manage as forest to the northwest as seen below. 
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Figure D.2.2-2 The Project site viewed from the south west side looking east 


 


Figure D.2.2-3 : A forest planted by Petkim to the west of the Project site 


Flora Species 


Table D.2.2-2:  provides the results of the 2008 field survey at and near the Project site in terms of 
species seen their relative abundance in samples and the habitats in which they occurred. Listed 
status is also provided. 
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Table D.2.2-2:  Flora List 


Family   and  Species 
Name 


Turkish 
Name 


Phyto-
geoghraphi
cal Region 


Endem
izm 


IUCN BERN Relative Abundance Habitat 
1 2 3 4 5 1 2 3 4 5 6 7 8 


PAPAVERACEAE                   
Papaver hybridum Gelincik Avrupa-


Sibirya 
- LR(lc) -   x       x   x 


Papaver rhoeas Gelincik Avrupa-
Sibirya 


 LR(lc) -     x x   x x    


Fumaria officinalis ġahtere 
otu 


 - LR(lc) -  x    x   x x   x 


Glaucium corniculatum 
subsp. corniculatum 


Boynuzlu 
gelincik 


 - LR(lc) -    x     x x   x 


RANUNCULACEAE                   
Ranunculus arvensis L. Düğün 


Çiçeği 
Akd. Ele. - LR(lc) -  x       x     


Ranunculus sprunerianus Düğün 
Çiçeği 


 -  -    x     x     


Ranunculus 


constantinopolitanus (DC.) 
D'URV. 


Düğün 
çiçeği 


 - LR(lc) -   x        x   


ANACARDIACEAE                   
Pistacia lentiscus Menengiç Akd. Ele.  LR(lc) -   x       x   x 
Pistacia atlantica Menengiç  - LR(lc) -    x     x x  x x 
APOCYNACEAE                   
Nerium oleander Zakkum Akd. Ele. - LR(lc) -   x       x   x 
ASTERACEAE                   
Calendula arvensis Sarı 


Papatya 
 - LR(lc) -     x    x x  x  


Anthemis chia Papatya  - LR(lc) -     x x   x     
Cirsium palustre Devedike


ni 
 - LR(lc) -   x   x        


Scolymus hispanicus Sevketibo
stan 


 - LR(lc) -  x        x  x  


Centaurea solstitialis Peygamb
er Dikeni 


 - LR(lc) -    x  x        


Centaurea iberica TREV. EX 
SPRENGEL 


Deligöz 
dikeni 


 - LR(lc) -   x      x   x  


SCROPHULARIACEAE                   
Verbascum parviflorum Sığırkuyru


ğu 
D. Akd. Ele. - LR(lc) -    x  x    x  x  
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Family   and  Species 
Name 


Turkish 
Name 


Phyto-
geoghraphi
cal Region 


Endem
izm 


IUCN BERN Relative Abundance Habitat 
1 2 3 4 5 1 2 3 4 5 6 7 8 


Veronica arvensis YavĢan 
otu 


Avr. Sib. Ele.       x  x    x    


BRASSĠCACEAE                   
Capsella bursa-pastoris (L.) 
MEDIK. 


Çoban 
Çantası 


 - LR(lc) -    x     x   x  


CARYOPHYLLACEAE                   
Cerastium glomeratum  Avr. Sib. Ele. -    x       x x    
EUPHORBĠACEAE                   
Euphorbia peplis Sütleğen Akd. Ele. - LR (lc) -   x      x   x  
Euphorbia chamaesyce Sütleğen - - LR(lc)     x     x   x  
FAM: FABACEAE                   
Astragalus trojanus STEV. Geven Akdeniz 


Elementi 
 LR(lc) -       x   x    


Quercus ilex L. Çalı 
Meşesi 


Akdeniz 
Elementi 


- LR(lc) -    x   x    x   


FAM: PINACEAE                   
Pinus nigra ARN. subsp. 
pallasiana (LAMB.) 
HOLMBOE 


Kara 
Ağaç 


Avrupa-
Sibirya 


- LR(lc) -   x   x    x    


POLYGONACEAE                   
Polygonum pulchellum Çoban 


değneği 
Avrupa-
Sibirya 


-  -   x     x x   x  


Rumex acetosella L. Kuzu 
Kulağı 


 - LR(lc) -   x      x x  x  


Polygonum cognatum 
MEISSN 


Madımak  - LR(lc) -    x     x   x  


GERANIACEAE                   
Geranium purpureum İğnelik Akdeniz 


Elementi 
- LR(lc) -  x        x    


Geranium rotundifolium L.   - LR(lc)   x         x  x 
PORTULACACEAE                   
Portulaca oleracea L. Semiz 


Otu 
 - LR(lc)    x      x  x   


RUBIACEAE                   
Crucianella macrostachya 
BOISS. 


 D. Akd. Ele. - LR(lc) -  x       x    x 


Galium incanum subsp. 
centrale 


Yoğurt otu D. Akd. Ele. -     x       x    


SALICACEAE                   
Salıx alba Aksöğüt Avrupa-


Sibirya 
-  -  x         x   
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Family   and  Species 
Name 


Turkish 
Name 


Phyto-
geoghraphi
cal Region 


Endem
izm 


IUCN BERN Relative Abundance Habitat 
1 2 3 4 5 1 2 3 4 5 6 7 8 


UMBELLĠFERAE                   
Scandix Pectenveneris Kişkiş Akd. Ele. -  - x         x    
Ammi visnaga DişĢ otu Akd. Ele. -  -  x        x    
ROSACEAE                   
Potentilla micrantha BeşĢpar


mak otu 
Avrupa-
Sibirya 


-  -   x   x      x  
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The most species rich habitat was the dry meadow with 19 species, followed by gardens and agricultural 
plots. A number of species observed, such as the knotweeds of the family Polyginaceae have a very weedy 
habit, which accounts for their presence in disturbed areas at and near the Project site. The forest planted 
by Petkim was dominated by black pine, with a herbaceous layer of low flowering plants such as the poppy.  


Additional species observed in the LSA during fieldwork for Petkim’s Port facility EIA are listed in Table 
D.2.2-3:  


.  
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Table D.2.2-3: Additional species to those observed during the Project fieldwork, seen in the field during a survey for the Petkim Port facilities 


Family and Species Turkish Name Location where specie grows in Turkey End Bern IUCN 


AMARYLLİDACEAE      


Agave americana L. Sabırlık* West and South Anatolia ─ ─ ─ 
ANACARDIACEAE      


Pistacia leutiscus L. Yabani Fıstık* North,West,Central and South Anatolia ─ ─ ─ 
ARECACEAE      


Washingtonia filifera (J. LINDEN EX ANDRE) H. 
WENDL 


Palmiye* West and South Anatolia – – – 


ASTERACEAE      


Helichrysum sp. Ölmez Çiçek* - – – - 


Taraxacum sp. Karahindiba* ─ ─ ─ ─ 


CARYOPHYLLACEAE      


Silene sp. Yapışkanotu* ─ ─ ─ ─ 
COMPOSITAE      


Tripleuspermum sp. Beyaz Papatya* ─ ─ ─ ─ 


Tripleuspermum sp. Yalancı Papatya* ─ ─ ─ ─ 


CUCURBİTACEAE      


Ecballium elaterium (L.) A. RICH. Eşek hıyarı, acı dülek* Northwestern Turkey, Mediterranean Element ─ ─ ─ 
CUPRESSACEAE      


Thuja sp. Mazı* ─ ─ ─ ─ 
FABACEAE      


Acacia karroo HAYNE Akasya* South of Anatolia – – – 
LILIACEAE      


Asphodeline sp. Çiriş Otu* ─ ─ ─ ─ 


Ornithogalum narbonense L. Akdeniz Akyıldızı, Akdeniz 
Tükrükotu, Akbaldır* 


Central Anatolia – – - 


LABIATAE      


Lavandula angustifolia MILLER subsp. angustifolia 
MILLER 


Lavanta Çiçeği* Northwestern Anatolia – – – 


Lavandula stoechas L. subsp. stoechas L. Lavanta, karabaşotu * Northwestern Turkey, West and South Anatolia – – LR(lc) 
OLEACEAE      
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Family and Species Turkish Name Location where specie grows in Turkey End Bern IUCN 


Olea europaea L. var. europaea L. Zeytin* Coastal regions of Anatolia, East of Anatolia, 
Mediterranean Element 


– – LR(lc) 


PINACEAE      


Pinus brutia TEN. Kızıl Çam* Coastal regions of Anatolia, west of Anatolia, 
Mediterranean Element 


– – LR(lc) 


POACEAE      


Poa sp. Salkımotu* ─ ─ ─ ─ 
ROSACEAE      


Rosa sp. Gül* ─ ─ ─ ─ 
VIOLACEAE      


Viola sp. Menekşe* ─ ─ ─ ─ 


* Species observed in the field 
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D.2.3 Impact Assessment 


Issue Scoping 


Potential issues associated with flora have been determined based on consultation (Volume A) and a 
professional review of the potential effects of refinery development on the specific conditions present in the 
Project area.  These issues are: 
 


• Construction of the Project will involve clearing of land areas for the refinery and other 
infrastructure.  This clearing will result in an impact to some vegetation communities in the short to 
medium term. 


• Effects of the Project on air quality may affect vegetation in surrounding areas. 
• The Project could directly or indirectly impact valued species, including endemic or listed (IUCN red 


list) species and forest resources. 
• Given the species present in the LSA, the Project will not affect critical habitat, as defined by the 


World Conservation Union (IUCN), and incorporated by reference into the terms of Performance 
Standard 6 (PS06) (IFC 2006). 


• Given the species mix in the area at present and its very disturbed nature, it is believed that the 
potential introduction of invasive weedy species by the Project is not an issue for assessment. 


Based on these issues, the key questions for flora have been defined as: 


• What effects will clearing for the Project have on existing plant communities? 
• What effects will Project air emissions have on existing plant communities? 
• What effects will the Project have on rare, endangered and endemic species? 


Key Question Flora-1: What effects will clearing for the Project have on Existing Plant Communities? 


Linkage Evaluation 


Even though the Project site is much disturbed, Project clearing of some vegetated areas will occur. This 
linkage for potential impacts is valid and is therefore assessed further below. 


Impact Analysis Methods 


Direct impacts of the Project on flora from construction clearing were assessed through GIS analysis of 
areas lost of specific vegetation habitats and proportions of each habitat affected compared to that in the 
LSA as a whole. 


Impact Assessment Criteria 


The criteria for rating impacts for flora are presented in Table D.2.3-1 


Table D.2.3-1: Flora Impact Description Criteria 


Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 
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Direction(a) Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive, 
negative or 
neutral for the 
measurement 
endpoints 
(changes in 
areas of 
vegetation 
communities) 


negligible: no measurable 
effect on the 
measurement endpoint 


low: <10% change in 
measurement endpoint 


moderate:  10 to 20% 
change in measurement 
endpoint 


high: >20% change in 
measurement endpoint 


local: effect 
restricted to the 
LSA 


regional: effect 
extends beyond the 
LSA to the Project 
region 


beyond regional: 
effect extends 
beyond the Project 
region 


short-term: 
<5 years 


medium-term: 5 
to 49 years 


long-term: 
>49 years 


reversible  


or 


irreversible  


low: occurs 
once 


medium: 
occurs 
intermittently 


high: occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. Considers a 2 year construction 


period and a 5-year operations period. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


The reason for designating a 20% change as the threshold for high magnitude impact is as follows. Much 
ecological literature points to changes in measurement endpoints of over 20% as compared to baseline as 
having a high magnitude impact on biological systems. Suter et al., (1995) have identified that the 20% rule 
for the severity of effects from contamination is applicable by analogy to many real scales of ecological 
effects. Lande's (1997) demographic model predicts that species with low demographic potential cannot 
persist if suitable habitat is reduced by more than 20%. These impacts are variable; species are predicted 
to exhibit a diverse array of responses to habitat fragmentation depending upon the specific combination of 
life history traits and dispersal capabilities (With and King, 1997). Species with limited reproductive 
potential are predicted to go extinct sooner than predicted by Lande's model. This 20% criterion is therefore 
the base case used in the flora and fauna impact analyses. 


Impact Analysis Results 


The direct impacts to vegetation habitats from clearing are provided in Table D.2.3-2: . 


Table D.2.3-2:  Loss to Vegetation Communities in the LSA 


Habitat Type  Baseline area in 
LSA 


Impact: Area of Loss/Alteration in Project 
Footprint 


[ha] % of LSA [ha] % of type in LSA % of type in Footprint 


Forest 348.6 33.2 6.5 0.6 6.4 


Open brushwood and deciduous trees 199.9 19.1 26.5 2.5 26.1 


Heavily disturbed (cleared of vegetation) 40.4 3.9 34.8 3.3 34.3 


Existing Development 459.7 43.8 33.7 3.2 33.2 


Totals 1048.6 100 101.5 9.6 100 


 


As can be see, the bulk of the clearing will involve land already heavily disturbed by industry. The area 
previously cleared of vegetation was only 3.9% of the LSA, but comprises 34.3% of the footprint. Areas 
with natural vegetative cover are generally avoided by the Project.  
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For example, forest accounts for 33.2% of the LSA, but only 6.4% of the footprint. Likewise open 
brushwood is impact less than the proportion at which it occurs in the LSA. Overall only 3.1% of natural 
vegetation within the LSA will be directly impacted by the Project footprint.  


In addition as regards forestry, İzmir Regional Directorate of Forest was contacted for an evaluation of 
potential Project impacts on forest areas. The opinion of the Regional Directorate is submitted in Appendix 
2. According to that, it is stated that Project site is on non-forest private-registered land and therefore there 
is no need to present an application for development permission. 


Mitigation 


• The Project footprint will be minimized to the smallest extent possible to meet and support 
the Project works and activities.  


• Inadvertent disturbance to the adjacent Petkim forest area will be avoided through clear 
demarcation of the Project Site boundaries. 


• Dust control measures will be implemented along roads, in areas of excavation and 
earthworks and for stockpiles and spoil heaps, as described in the Air Quality assessment. 


• Given that closure will not occur for at least half a century and that the area is designated 
for ongoing industrial use, it is not useful to comment in any detail on reclamation activities 
at closure. Such planning would occur closer to the closure period once closure objectives 
are decided.  


• However, progressive reclamation of areas cleared during construction but not subject to 
the placement of facilities will occur, with the goal of producing a stable vegetative cover to 
minimize erosion from air and water and to produce visual and ecological advantages. All 
suitable areas of the site will be re-vegetated after construction and assembly of the 
refinery is completed. Grass and decoration plants will be used in locations such as the 
office and directorate building and evergreen young plants will be used in more distant 
locations away from buildings. A landscape design will be made especially for the Project 
and species to be used in the site for landscape purposes will be determined after this 
work. Existing flora of the region will be considered in selection of plant species to be used. 
To minimize the potential for the introduction of aggressive non-native plant species, the 
importation of top soil or potting soil from distant locations will be discouraged. Locally 
available soils, amended as necessary to improve fertility, will be used for accent plantings 
and small-scale restoration. 


• Cutting of trees was organized by Petkim with Regional Directorate of Forest. Petkim was 
agreed with Local Forestry Authority and signed a protocol with the authority. According to 
protocol, Petkim will transfer trees to Local Forestry Authority. In the last 2 years, 5,000 
trees were planted in Haydar Aliyev Forest in Yeni Foça. STAR will plan to plant new trees 
in this forest. 


Residual Impacts 


Overall impacts due to site clearing for all vegetation habitats are predicted to be of negligible or low 
magnitude, have a local geographic extent (within the LSA), a medium to long-term duration, and a short 
term frequency during construction. 


Table D.2.3-3: Residual Impact Classification for Flora Habitats 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  
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Key Question Flora-1: What effects will clearing for the Project have on Existing Plant Communities? 


Negative Low  Local  Medium 
to long-
term 


Yes Low Low 


 


Monitoring 


No monitoring with respect to vegetation is required, apart from monthly checks during construction to 
ensure that Petkim’s forest area has not been inadvertently impacted by equipment. Should any 
disturbance be noted, additional measures will be put in place to mark the boundary of the Project site and 
the forest, and construction staff will be better instructed on avoiding damage to the forest.  


Key Question Flora-2: What effects will Project Air Emissions have on existing plant communities?  


Linkage Evaluation 


The Project will have air quality effects from various emissions; hence the linkage to vegetation effects is 
valid. 


Impact Analysis Methods 


The main potential for adverse effects upon plant communities is from indirect effects due to changes to air 
quality around the Project facilities and infrastructure.  As described above, terrestrial flora is little 
represented in the LSA, but has more extent in the wider air quality study area. Sulphur dioxide (SO2), 
nitrogen dioxide (NO2) and dust are the main compounds likely to affect vegetation, and changes in the 
airborne concentrations of these compounds have been assessed quantitatively using the modelled 
concentrations presented in the Air Quality Section. Guidance values for SO2, NO2 and settled dust effects 
on vegetation are used to potential impacts. The temporal emphasis of the analyses is operations for NO2 
and SO2 and construction for dust. 


Sulphur Dioxide and Nitrogen Dioxide 


The effect of SO2 on vegetation was evaluated in the context of World Health Organization (WHO, 2000) 
guidelines for ecological effects on terrestrial vegetation. Recent evidence suggests that peak 
concentrations during short-term exposures (i.e., 24-hour period) have no substantive effect on vegetation 
compared with accumulated doses (WHO, 2000). Consequently, long-term potential effects have been 
assessed. For SO2, the WHO natural forest vegetation guideline of 20 µg/m3, averaged over a year, has 
been applied. Long-term exposure of terrestrial ecosystems to SO2 emissions is known to affect plant 
productivity directly by inhibiting plant photosynthesis resulting in reduced productivity, vigor and health 
(Bell and Clough, 1973). 


For NO2, the vegetation guideline value over which effects are predicted is 30 µg/m³, averaged over a year 
and this is the guidance value used in this assessment (WHO, 2000). However, NO2 may have a beneficial 
effect (i.e., increasing growth) (Hutchinson and Meema, 1987; WHO, 2000) at low concentrations, in the 
range of 20-90 µg/m³ (Adam et. al., 2008). Above 90 µg/m³ NO2 is expected to have a negative effect on 
vegetation (Amundson and Maclean, 1982).   


A clear guideline value to protect vegetation from dust is not available; however, a more qualitative 
assessment on the effects of dust on vegetation based on relevant literature has been provided. An annual 
dust level in excess of 20 µg/m3 averaged over a year has been selected as a conservative measure in 
assessing the potential operations effects to vegetation.  This guidance is slightly below the lowest effects 
level observed in dust studies (Braun and Fluckiger, 1987). 
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Impact Analysis Results 


As shown in the Section C9: Air Quality, the regional SO2 dispersion map prepared by Aliağa 
Environmental Baseline Project indicated that at the forestry west to the Project Site SO2 level is below 20 
µg/m3 limit. Contribution of the Project was calculated as 1 µg/m3 in this area. Hence, Project’s impact on 
this forestry will be negligible. Also, baseline SO2 concentration in Bozköy was measured as 13 µg/m3 by 
Golder study during one month measurement in November 2010. However, it was modelled as 36-52 
µg/m3 by Aliağa Environmental Baseline Project and so as described in Section C9 is in need of additional 
baseline study. However, the contribution of the Project was calculated as only 2-3 µg/m3 in this area. 
Project’s contribution to the baseline level will be negligible. Impacts to vegetation overall are therefore 
predicted to be negligible during operations. 


The regional NOx dispersion map prepared by Aliağa Environmental Baseline Project indicated that at the 
forestry west to the Project Site NO2 level is below 40 µg/m3 limit. In addition it is predicted that although 
below the long term guidance value, NO2 levels will actually be highest on higher forested ground 
approximately 10 km south of the Project site (see Section Error! Reference source not found.: Air 
Quality). Short term exposure during operations at this location is predicted to be in the range of 20 - 
30 µg/m³. This finding prompted additional air quality baseline survey at this location during 2010, since if 
the prediction is correct, then currently existing industry in the area, plus emissions from the town of Aliağa 
could be impacting this forested hill. The result confirmed this prediction for NO2 levels, with a long term 
value of 28 µg/m3 averaged over one month. This NOx value is already close to the Turkish and WHO 
limits for ecosystem. However, the value was calculated as 13-20 µg/m3 by Aliağa Environmental Baseline 
Project and so as for SO2. Additional air quality monitoring for NOx has been recommended for this 
location. Contribution of the Project was calculated by the Local EIA as 1-10 µg/m3 in this area, and as 1.0-
1.15 µg/m3 by Aliağa Environmental Baseline Project. With the Project’s contribution, the baseline level 
measured by Golder and calculated by Aliağa Environmental Baseline Project will reach a level close to or 
above the NOx limit. Longer term field monitoring at the forestry site south of the Project is required to 
confirm baseline values as measured during 2010.  


The Projects contribution to particulates during operations is <1 µg/m3 throughout the LSA, therefore 
impacts are predicted to be negligible and no further assessment is required.  


Residual Impacts 


The impact assessment results for air quality impacts to vegetation is given below.  


Table D.2.3-4: Residual Impact Classification for Flora Air Quality Effects on Vegetation 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental 
Consequence  


Key Question Flora-2: What effects will Project air emissions have on existing plant communities - SO2?  


Negative Negligible low Local  Medium term Yes Continuous  Negligible 


Key Question Flora-2: What effects will Project air emissions have on existing plant communities - NO2?  


Negative Negligible to 
medium 


local  Medium term Yes Continuous Negligible to low 


Monitoring 


As described in the Section E3: Human and Ecological Risk Assessment, the human health air quality 
monitoring program will be expanded to include sensitive ecological receptor sites in the Aliağa region, with 
emphasis on those parameters predicted to be closest to guidance limits. STAR will promote and contribute 
to a regional air quality monitoring program with reference to airborne emissions from its Project plus those 
of Petkim and other existing industrial projects in the Aliağa area. A regional approach is required, so as to 
adequately monitor regional effects. The forest area south of the Project, where additional monitoring took 
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place in 2010, will be included in the program and cover NO2 and SO2. The plan for this program will be 
subject to consultation with industrial stakeholders and local communities.  


Key Question Flora 3: What effects will the Project have on rare, endangered and endemic species? 


Linkage Evaluation 


As described above in the flora baseline section, there are no endemic plant species in the Project site. 
Also, no species are present that are conserved under the Bern Convention on the Conservation of 
European Wildlife and Natural Habitats (BERN), which was formally signed by Turkey on 09.01.1984. The 
flora lists, which were prepared based upon on-site studies, does not include any endemic, non-abundant, 
endangered or threatened species to be conserved under “the Bern Convention on the Conservation of 
European Wildlife and Natural Habitats (BERN)” Appendix-1 List or any species falling within the scope of 
“Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES Convention)”. 
No IUCN listed critically endangered, or endangered species were found in the LSA, which means that no 
critical habitat will be affected by the Project. All species on the IUCN Red List were at the least concern 
level. Given these findings, the risk for the Project to impact rare, endangered or endemic plant species is 
very low and no further assessment is conducted. 
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D.3 Terrestrial Fauna 


D.3.1 Introduction 


This section presents the baseline results and impact assessment for terrestrial fauna. Fauna are 
potentially impacted by both the direct effects of site clearing for the refinery and also the indirect effects 
noise.   


D.3.2 Study Area 


The Fauna local study area (LSA) is the same as that described above for flora. 


D.3.3 Baseline Summary 


Methods 


Studies on fauna of the Project Site and its immediate surroundings have been supported by literature 
research. As done in the flora study, fauna-related information is obtained not only from project site but also 
through including those species that might be living in the region considering habitat features therein. In 
addition, fiels lists compiled from field observations and the literature during the Petkim Port EIA was also 
reviewed. Additional species to those identified for the Project, were summarized.  


Baseline Results 


The compiled species lists include family, species, Turkish name, habitat, IUCN Risk Classes, Red Data 
Book category, BERN Convention categories, and 2009-2010 Central Hunting Commission decisions 
Literature researches covered by the review of A. Demirsoy (1996), Türkiye Omurgalıları (Amfibiler, 
Memeliler, Sürüngenler), publication of the Ministry of Environment, General Directorate of Environmental 
Protection, Türkiye Herpatofaunası, publication of the Ministry of Environment and Türkiye Amfibileri, 
publication of Ege University, Department of Sciences. 


Within the context of risk classes of birds, the terminology of Kiziroğlu (1993) has been adhered to, and it 
has been evaluated considering the species under conservation pursuant to the Bern Convention on the 
Conservation of European Wildlife and Natural Habitats (BERN), Appendix-II (Specially Protected Species), 
Appendix-III (Protected Species) and IUCN categories. The lists have been examined in accordance with 
“2009-2010 Hunting Period Central Hunting Commission Decisions” prepared by the former Ministry of 
Environment and Forestry, General Directorate of Nature Conservation and National Parks and published  
in the Official Gazette dated July 01,2009 and numbered 27245. 


It should be noted that populations or individuals of the fauna species that could occur in or visit the LSA 
are impacted by anthropogenic factors since the area has been an industrial zone for many years. The lists 
prepared concerning the Project Site and its immediate surroundings (LSA) are presented in Table D.3.3-1, 
Table D.3.3-2: , Table D.3.3-3 and Table D.3.3-4: . 


 


Table D.3.3-1:  Amphibia (Amphibians) 


Family and Species 
Name 


Turkish Name Habitat Bern IUCN RDB 
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Family and Species 
Name 


Turkish Name Habitat Bern IUCN RDB 


BUFONIADE 
Bufo Bufo 


Kara Kurbağası Under humid stone, 
earth channels and 
cracks 


III - nt 


Bufo Viridis 
HYL DAE 


Gece Kurbağası In stony open 
spaces on the trees 
and boscage 


II - nt 


Hyla arborea 
PELOBAT DAE 


Yaprak 
Kurbağası 


Loose and gumbo 
earth inner and 
dead water 


II LC nt 


Pelobates syriacus Toprak Kurbağası Under humid stone, 
earth channels and 
cracks 


II - nt 


 


Table D.3.3-2:  Reptilia (Reptiles) 


Family and Species 
Name 


Turkish Name Habitat Endemism IUCN BERN MAK 


TESTUDINIDAE          
   Testudo graeca Tosbağa Stony, sandy and dry 


places 
- VU II APPENDIX-


I 
LACERTIDAE                 
Lacerta trilineata İri yeşil kertenkele Roadside well-


planted areas, and 
regions not too far 
from water 


- - II APPENDIX-
I 


Ophisops Elegans Tarla kertenkelesi Sparsely planted 
open spaces, stony 
and earthy grounds 


- - II APPENDIX-
I 


GEKKONIDAE         
Hemidactylus turcicus Geniş parmaklı 


keler 
Under stone, rock 
crevices, house and 
ruins. 


- - III APPENDIX-
I 


TYPHLOPIDAE            
  Typlops vermicularis Kör yılan In the humid soil and 


under stone 
- - III APPENDIX-


I 
COLUBRIDAE           
Elaphe Situla Ev yılanı Stony places, 


boscage and houses. 
- - II APPENDIX-


I 
Elaphe quatuorlineata Sarı yılan Sparsely forested 


areas, boscage and 
stony places. 


- - II APPENDIX-
I 
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Table D.3.3-3: Aves (Birds) 


Family and 
Species Name 


Turkish Name Habitat M.A.K. IUCN Bern 


ALAUDIDAE      
Alauda arvensis Tarlakuşu Farm, open field, boscage and 


mountainside. 
APPENDIX-II - III 


Melanocorypha 
leucoptera 


Akkanat tarla kuşu Settlement and farms APPENDIX-I - II 


HIRUNDINIDAE      
 
Hirundo rustica 


Kırlangıç Settlement APPENDIX-I - II 


Delichon urbica Pencere kırlangıcı Settlement and rocky places APPENDIX-I - II 
Hirundo daurica 
 


Kızıl kırlangıç Steppes and coasts APPENDIX-I LC II 


TURDIDAE      
Luscinia 
megarhynchos 


Bülbül Woodlands, parks and 
cemeteries 


APPENDIX-I LC III 


SYLVIDAE 
 


     


Sylvia hortensis Ötleğen Boscage, brushwood, gardens 
and lowlands 


APPENDIX-I - II 


COLUMBIDAE 
 


     


Streptopelia 
decaocto 


Kumru Cities, forestry and boscage APPENDIX-II LC III 


Columba palambus Kaya Güvercini Settlements and woodlands APPENDIX-III - III 
Streptopelia turtur Üveyik Settlements and agricultural 


lands 
APPENDIX-III - III 


PHASIANIDAE      
Alectoris graeca Taş kekliği Stony and rocky places APPENDIX-III - III 
Coturnix coturnix Bıldırcın Sowed farms, grasslands and 


steps 
APPENDIX-III - III 


PASSERIDAE      
Passer domesticus Ev serçesi Settlements, farms and boscages APPENDIX-III LC - 
PARIDAE      
Parus major Büyük baştankara Woodlands, parks and gardens APPENDIX-I - II 
FALCONIDAE      
Falco tinnunculus Kerkenez Settlements and forestlands APPENDIX-I - II 
Falco peregrinus Gezginci doğan Forestlands and open fields APPENDIX-I - II 
Falco columbarius Boz doğan Valleys with rude vegetation and 


wetland areas 
APPENDIX-I LC II 


PROCELLARIDAE      
Colanectris 
diomedea 


Boz yelkovan Hot sea waters, grottos and 
beaches 


APPENDIX-I - II 


Puffinus  yelkouan Yelkovan Seas and usually beaches APPENDIX-I - II 
LARIDAE      
Larus fuscus Kara sırtlı martı Rocky islands, flood plains, 


riversides and channels 
APPENDIX-II LC - 


Larus minutus Küçükmartı Riversides, lakesides, grainy and 
muddy beaches 


APPENDIX-I LC II 


STERCORARIIDAE      
Stercorarius 
parasiticus 


Korsan martı Sea sides and islands APPENDIX-II LC III 


CORVIDAE      
Corvus monedula Cüce karga Woodlands, rocky places and 


ruins 
APPENDIX-III - - 


Corvus frugilegus Ekin karkası Lowlands, woodlands, parks and 
gardens 


APPENDIX-III - - 


Corvus corone Leş kargası Open fields and farms APPENDIX-III LC - 


Pica pica Saksağan Rarely woodlands, parks and 
gardens 


APPENDIX-III LC - 
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Family and 
Species Name 


Turkish Name Habitat M.A.K. IUCN Bern 


CICONIIDAE      
Ciconia ciconia Leylek Bid lowlands with tree, humid 


meadowlands, flood plains, 
lagoon with shallow water 


APPENDIX-I LC II 


ARDEIDAE      
Egretta alba 
(Casmerodius 
albus) 


Büyük akbalıkçıl Lakes, shallow waters, wetland 
areas, sea sides  


APPENDIX-I - II 


Ardea cirenea Gri balıkçıl Shallow fresh waters, lakes, 
sandy coasts and channels 


- - III 


STERNIDAE      
Sterna caspia Büyük sumru Slowly flowing salt waters or 


fresh waters, coastal lagoons 
APPENDIX-I LC III 


Sterna sandvicensis Kara gagalı sumru Coasts and safeguarded 
beaches 


 LC III 


APODIDAE      
Apus apus Ebabil (karasağan) Woodlands APPENDIX-I LC III 
PICIDAE      
Picus viridis Yeşil ağaçkakan Forestlands, boscages and 


gardens 
APPENDIX-II LC II 


FRINGILLIDAE      
Fringilla coelebs Ispinoz Forestlands, woodlands, parks 


and gardens 
APPENDIX-II LC III 


Carduelis carduelis Saka Woodlands and gardens APPENDIX-I - II 
STURNIDAE      
Sturnus vulgaris Sığırcık Settlements and farms APPENDIX-II - - 
 


Table D.3.3-4: Mammalia (Mammals) 


Family and Species 
Name 


Turkish 
Name 


Habitat End. IUCN Bern M.A.K. 


SORICIDAE       
Crocidura leucodon Sivriburunlu 


tarlafaresi 
Bostcages, open 
fields 


- LR/lc APPENDIX III - 


RHINOLOPHIDAE       
Rhinolophus 
ferrumequinum 


Nalburunlu 
büyük yarasa 


Forestlands, 
woodlands and 
boscages 


- LR/nt APPENDIX II  APPENDIX I  


Rhinolophus hiposideros Nalburunlu 
küçük yarasa 


Forestlands, 
woodlands and 
boscages 


- LC APPENDIX II  APPENDIX I  


MURIDAE       
Apodemus flavicollis Sarı göğüslü 


orman faresi 
Humid forests and 
forest limit 


- - - - 


Nannospalax leucodon Körfare Dry areas, 
mountainsides and 
in the soil 


- VU - - 


M USTEL DAE       
Mustela nivalis Gelincik All kinds of habitat - - APPENDIX III  APPENDIX II  
LEPORIDAE       
Lepus europaeus Kır tavşanı, 


yabani tavşan 
All kinds of habitat - - APPENDIX III  APPENDIX III  


STURNIDAE       
Vulpes vulpes Kızıl tilki Forestland, farms 


and open fields 
- LC - APPENDIX III  


 


Conservation status for the above mammalian species that could be encountered in the LSA has been 
assessed pursuant to the following criteria and exhibited in relevant table (MAK): 
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• Appendix-II and III among the lists specified as per Bern Convention criteria;  


• 2006 version of European Red List (ERL) prepared by International Union for the Conservation of 
Nature (IUCN); 


• And 2009-2010 conservation lists prepared by the former Ministry of Environment and Forestry, 
General Directorate of Nature Conservation and National Parks, Central Hunting Commission. 


Within the context of risk classes of birds, the terminology of Kiziroğlu (1993) has been adhered to, and it 
has been evaluated considering the species under conservation pursuant to the Bern Convention on the 
Conservation of European Wildlife and Natural Habitats (BERN), Appendix-II (Specially Protected Species), 
Appendix-III (Protected Species) and IUCN categories. 


IUCN Risk Classes 


EX: Extinct 
CR: Critically Endangered 
EN: Endangered 
VU: Vulnerable 
LR: Lower Risk 
LR (nt): Near Threatened 
LR (lc): Least Concern, not threatened in the future as well 
LC En: At the very least Concern 
MAK: General Directorate of Nature Conservation and National Parks, Central Hunting 
Commission Conservation Lists (2009-2010). 
Species noted during the Petkim Port EIA, but not included above in the Project baseline, are listed in the 
following tables. 


Figure D.3.3-5D.3.3-1 Mammals 


Family andSpecies Turkish Name End M.A. K. IUCN Bern  
RHINOLOPHIDAE       
Myotis mystacinus Bıyıklı siyah 


yarasa 
– LR/lc – EK I L 


DIPODIDAE       
Allactaga williamsi Araptavşanı – – – EK I L 
MURIDAE       
Vulpes vulpes Kızıl tilki – LC – EK III L 
L : This specie identified from Literature 
G : This specie indentified during Observation 


 
Table D.3.3-6: Reptiles 


Family andSpecies Turkish 
Name 


End. IUCN Bern   


SCINCIDAE       


Ablepharus 
kitaibelii 


İnce 
kertenkele 


– LC II L  


L : This specie identified from Literature 
G : This specie indentified during Observation 


Table D.3.3-7: Birds 


Family and 
Species  


Turkish Name  M.A. K.  IUCN  Bern     


FALCONIDAE             


Circus cyaneus  Gökçe delice  I  LC  II  L  
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Family and 
Species  


Turkish Name  M.A. K.  IUCN  Bern     


HIRUNDINIDAE             


Riparia riparia  Kum Kırlagıcı  I  LC  II  G   


Hirundo rustica  Kır Kırlangıcı  I  LC  II  L   


MOTACILLIDAE             


Anthus pratensis  Çayır İncirkuşu  I  LC  II  L   


Motacilla cinerea  Dağ 
Kuyruksallayanı  


I  LC  II  L   


PICIDAE             


Dendrocopos 
syriacus  


Alaca 
Ağaçkakan  


I  LC  II  L   


SYLVUNAE             


Phylloscopus 
collybita  


Çıvgın  I  LC  II  L   


UPUPIDAE             


Upupa epops  İbibik  I  LC  II  L   


EMBERIZIDAE             


Miliaria calandra  Tarla Kirazkuşu  II  LC  III  L  


L : This specie identified from Literature 
G : This specie indentified during Observation 


MAK: 2009-2010 Hunting Period Central Hunting Commission Decisions” prepared by the former Ministry 
of Environment and Forestry, General Directorate of Nature Conservation and National Parks and 
published at Official Gazette dated 01.06.2009 and numbered 27245. 


MAK, APP-1: indicates wild animals under protection by the former Turkish Ministry of Environment and 
Forestry 


MAK, APP-2: indicates wild animals under protection by Turkish Central Hunting Commission 


MAK, APP-3:  indicates wild animals which could be hunted for a period of time 


On the other hand, the closest important natural area is Aliağa bird stopover/watching area . This area is 
approximately 7 kms towards northwest of the project area.  


Gediz Delta which is a RAMSAR site and consists of İzmir Bird Sanctuary is approxiamtley 19km away 
from the project area towards south. 


The possible impacts of the Project on these areas are assessed in Section D5: Biodiversity and Protection 
Areas. 


D.3.4 Impact Assessment 


Issue Scoping 


Potential issues associated with flora have been determined based on consultation (Volume A) and a 
professional review of the potential effects of refinery development on the specific conditions present in the 
Project area. These issues are: 


• Construction of the Project will involve clearing of land areas for the refinery and other 
infrastructure. This clearing will result in an impact to some wildlife habitat in the short to medium 
term. 


• The Project could directly or indirectly impact valued species, including endemic or listed (IUCN red 
list) species and forest resources. 
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Based on these issues, the key questions for flora have been defined as: 


• What effects will clearing for the Project have on fauna habitat? 


• What effects will the Project have on rare, endangered and endemic species? 


Key Question Fauna – 1: What effects will clearing for the Project have on fauna habitat? 


Fauna habitat in the LSA is represented by the mapped vegetation types described in Section D2. Direct 
impacts to faunal habitats comprise 6.5 ha of planted forest plus 26.5 ha of dry open brush land with some 
deciduous trees. The majority of the Project footprint (68.5 ha) is positioned on existing developments plus 
land cleared of vegetation for a firebreak by Petkim. Overall only 3.1% of natural habitat in the LSA will be 
directly impacted by the Project footprint. Given that this impact is rated as negligible or low environmental 
consequence in the flora assessment for natural vegetation, a similar finding can be made for wildlife 
habitat, and no further assessment for wildlife habitat is required.  


Key Question Fauna – 2: What effects will the Project have on rare, endangered and endemic species? 


Linkage Evaluation 


A conservative approach has been taken to compile fauna species lists mainly from the literature, so as to 
be prepared for the possible presence of such species on the Project site during construction. Given the 
possible presence of listed species, especially birds, this linkage is valid. 


Impact Analysis Methods 


A qualitative assessment has been made considering the small amount of natural vegetation on the Project 
Site, plus planned mitigations. 


Impact Assessment Criteria 


The impact assessment criteria for fauna are the same as for flora provided in Section D2.  


Mitigation 


All mitigations described in the flora assessment to minimize impacts to natural vegetation, will also help 
protect any fauna present, by protecting fauna habitat. Will specific reference to the possible presence of 
listed species during construction, the following mitigations will apply. 


Necessary instructions will be given to employees to be hired at the Project site to prevent harming those 
fauna species that might  be present and BERN Convention conservation measures and provisions of 6th 
and 7th articles thereof will be followed, which were specified in Appendix-2 and Appendix-3 of BERN 
Convention in respect of fauna species. 


1 – In respect of specially protected fauna species (Article 6), following acts are strictly forbidden: 


• all forms of deliberate capture and keeping and deliberate killing; 
• the deliberate damage to or destruction of breeding or resting sites; 
• the deliberate disturbance of wild fauna, particularly during the period of breeding, rearing 


and hibernation, insofar as disturbance would be significant in relation to    the objectives 
of this Convention; 


• the deliberate destruction or taking of eggs from the wild or keeping these eggs even if 
empty; 


• the possession of and internal trade in these animals, alive or dead, including stuffed 
animals and any readily recognizable part or derivative thereof, where this would 
contribute to the effectiveness of the provisions of this article. 
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2 – In respect of protected species, measures to be taken shall include (Article 7) 


• closed seasons and/or other procedures regulating the exploitation; 
• the temporary or local prohibition of exploitation, as appropriate, in order to restore 


satisfactory population levels; 
• the regulation as appropriate of sale, keeping for sale, transport for sale or offering for 


sale of live and dead wild animals. 


Requirements provided for in the former Ministry of Environment and Forestry Central Hunting Commission 
decisions and Bern Convention will be followed during construction and operation phases of the Project. 


Impact Analysis Results and Residual Impacts 


After mitigation and considering the low percentage of natural vegetation within the Project Site, the 
environmental consequence for impacts to listed species is rated as low.   


Table D.3.4-1 : Residual Impact Classification for Listed Fauna Species 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Fauna-2: What effects will the Project have on rare, endangered and endemic species? 
 
Negative Low  Local  Medium 


to long-
term 


Yes Low Low 


Monitoring 


An ecologist will briefly survey areas of natural vegetation prior to clearing for construction. An emphasis 
will be on identifying any nesting species that fall into a protection category, but a look out for any fauna 
that may have limited mobility and cannot move ahead of construction will be searched for. Should any 
such protected species with limited mobility be noted, specific mitigation will be implemented to ensure that 
all applicable regulations described above are complied with.  
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D.4 Marine Flora and Fauna 


D.4.1 Introduction 


This section presents the baseline results and impact assessment of the Project on marine flora and fauna. 
Marine flora and fauna are potentially impacted both by the direct effects of the wharf’s extension and 
construction operations, as well as by the sea bottom dredge activities. In turn, changes in flora, vegetation 
and sessile benthos consistency and distribution may have the potential to impact indirectly the vagile 
fauna. 


D.4.2 Study Area 


The marine flora and fauna Local Study Area (LSA) investigated during the field work has been based with 
an assessment of the spatial extent of the footprint and an associated buffer that includes potential 
additional effects on the marine fauna. In particular, the LSA comprises the Project site plus a surface of 
about 4.5 km2, which means a coastal stretch buffer of about 4.5 km extending about 1 km seawards (See 
Figure D.4-1). 


 


 


Figure D.4.2-1 Local Study Area (LSA) of Marine Survey 


LSA 
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In order to assess the potential broader or regional cumulative effects deriving from the Project, and to 
correctly assess the importance and role of the biological components living in the LSA, a Larger 
Geographic Area (LGA) has been analyzed as well. This larger area corresponds to a stretch of coast from 
the Gulf of Izmir (about 35 km south of the Project area) and the city of Dikili (about 30 km north in a crow 
line from the Project Area). The LGA components will be described on the basis of available literature and 
database. 


D.4.3 Baseline Summary 


Methods 


For the marine flora and fauna description of the LSA, a specific document elaborated by Prof. Sivri 
(Istanbul University Department of Environmental Engineering) has been used and with regards to the 
LGA, other relevant studies carried out in the Mediterranean and the Aegean Sea (e.g. Öztürk et al., 2002; 
Taşkın et al., 2008) and in the Izmir Bay (e.g. Sukatar et al.,1984). A number of references has also been 
analysed regarding exotic and alien species. 


With the intent to determine the marine flora and fauna species reflecting a spread over the LSA and its 
surrounding, a field survey was conducted from 16th to 20th January 2012 by two international expert marine 
biologists, with a support of local environmental expert and of the crew of local ship.. 


The field survey focused on the following main environmental aspects: 


• Organization of the side scan sonar images in a photomosaic; 
• Analysis of the side scan sonar photomosaic and identification of the main seabed features; 
• Definitions of visual inspections and sampling plan;   
• Visual inspections on benthic biocenoses and seafloor features; 
• Visual inspections on flora and fauna species; 
• Survey on macrobenthic communities (marine invertebrates and marine vegetation) through sampling 
with grab on sandy/mud bottoms and visual inspections by camera. Copy of the video realized during the 
survey is available in Appendix 8.  


 
In order to perform the mentioned above activities, 23 transects have been run and 8 points have been 
grabbed as graphically displayed below. 


A short report describing the activities carried out during the campaign (16-20 January 2012) is available in 
Appendix 9.  


Table: Monitors with the Side Scan Sonar Photomosaic and the Video Images During the Survey in the 
Study Area 
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Figure D.4.3-1 A Sample of Sieved Sediment for the Macrobenthos and Habitat Characterization 


 


Figure D.4.3-2 Field Survey Transects and Grabbed Points 
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Baseline Results 


The main outcome of the available literature data is summarized and analyzed supplemented by the field 
marine surveys observations in following sections of the report. 


Marine Flora 


The Aegean Sea is by far the most investigated region of the Turkish coasts as far as the marine flora is 
concerned. Studies until 1992 were carried out either by scanning large areas by traditional means or by 
searching single taxonomic units. However, recently there has been a tendency towards investigating small 
areas in more detail, taking seasonal variations and distribution in restricted areas into consideration 
(Rüdar 1996, Kurt 1999) 
 


Phytoplankton 


Since the first record obtained from the study done by Ergen (1967) on main planktonic organisms existing 
in the Izmir Bay, more extensive studies on the phytoplankton structure and species diversity of the Aegean 
Sea and Mediterranean were made by Kideys et al. (1989), Koray (1995), Polat et al. (2000) and Eker and 
Kideys (2000). 


Öztürk et al.(2002) reports that at national level a total of 430 taxa of phytoplankton have been recorded in 
the Turkish coast (Mediterranean and Aegean Seas). The list includes: Dinophyceae, Bacillariophyceae, 
Cyanophyceae, Dictyocophyceae, Prymnesiophyceae, Euglenophyceae, Prasinophyceae and 
Chlorophyceae, Crysophyceae, Xanthophyceae and small planktonic marine flagellates (<20µm).  


In particular the most widespread species of the 18 phytoplankton genus were: Ceratium (with 80 species), 
Protoperidinium (with 29 species), Dinophysis (with 26 species) among dinolagellates and Chaetoceros 
(with 41 species), Rhizosolenia (with 21 species) among diatoms.  


Izmir Bay is located 30 km South from Nemrut Bay and could be associated to the latter for the intense 
industrial activities (e.g., harbour, factories, wide human settlements). 


As reported by Öztürk et al.(2002) during the 1980s, the Turkish Sea, particularly the Izmir Bay, has been 
subject to progressive eutrophycation from terrestrial inputs with a result in the qualitative and quantitative 
composition of the phytoplankton and algal blooms (Koray & Büyükisik, 1988; Koray, 1990; 1992a; 1992b; 
Koray et al., 1992a; 1992b; Büyükisik et al. 1994; Parlak et al., 1994; Koray et al., 1996). 


Phytoplankton assemblages can be influenced and impacted by discharges of nutrients and pollutants into 
marine water. Potentially, in particular the risk of accidental spilling and increasing of water turbidity during 
the building of the jetties and berths could impact the phytoplankton population. 


Table below shows the number of Phytoplanktonic taxa of Turkish coast of Aegean Sea as studied during 
1978 – 1990 years. The table shows a high presence of Bacillariophyceae and Dinophyceae, whereas 
other taxa are reduced in number or absent. In recent years increasing eutrophycation of the seawater has 
resulted in algal blooms and in a decrease in species diversity. 


 


Table D.4.3-1: Phytoplanktonic Taxa of Turkish Coast of Aegean Sea (Izmir: years 1978 - 1990) 


Taxonomic groups Number of taxa 


Dinophyceae  98 
Bacillariophyceae  109 
Cyanophyceae - 
Dictyocophyceae - 
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Taxonomic groups Number of taxa 


Prymnesiophyceae - 
Euglenophyceae 3 
Prasinophyceae 1 
Chlorophyceae - 
Crysophyceae 4 
Xanthophyceae 1 


 


A specific document elaborated by Prof. Sivri within the framework of the study for the ESIA of the Star 
Project underlines the abundance of phytoplanktonic organisms in the Nemrut Bay (LSA) and reports that 
in the Study Area a phytoplankton population has been found similar to that of Izmir Bay. 


As a general result of the research, Sivri observed that planktonic organisms are dominant in terms of 
biodiversity. Phytoplanktonic organisms are denser compared to other species. Bacillariophyta and 
Dinophyta groups, ranked in first place among botanical plankton groups, confirmed that species generally 
found in the İzmir Bay are comparable to those identified in the LSA. 


 


Macrophytes 


Macrophytes are involved in several feedback mechanisms that tend to keep the water clear even in 
relatively high nutrient loadings (Moss, 1990) and are therefore considered a good indicator of the 
environmental condition for the shallow water areas.  


In total 77 marine Cyanophyceae species are listed in the Aegean Sea water (Taşkın et al., 2008) in the 
check-list of the marine flora of Turkey, whereas a more specific study in the Izmir Bay (Parlakay et al., 


2005) indicates the presence only of species which can tolerate the pollution, whereas species of 
Cystoseira did not exist at all. 


In the Izmir Bay study area, specimens of blue-green algae (29 taxa), red algae (65 taxa), brown algae (33 
taxa), green algae (25 taxa) and seagrasses (3 taxa), which spread in the upper infralittoral zone between 
south Çeşme and Cape Teke (Izmir, Aegean Sea, Turkey), were identified.  


Algal taxa having the highest frequency were Cyanophyta (Rivularia atra and Lyngbya adriae), Rhodophyta 
(e.g. Stylonema alsidii, Jania rubens, Hydrolithon farinosum, Ceramium flaccidum), Heterokontophyta (e.g. 
Sphacelaria cirrosa, Padina pavonica, Stypocaulon scoparium, Cystoseira crinite), Chlorophyta (e.g. 
Halimeda tuna). 


With regards to seagrasses, Cymodocea nodosa, Posidonia oceanica and Zostera marina are present in 
the Izmir Bay (Parlakay et al., 2005), as already shown by Sukatar et al. in 1984 in the Aegean Sea. 


Within the context of the ESIA, it has to be noted that the following macrophytes species are considered 
under threat in Turkish waters (Aysel et al., 1994): Lithophyllum lichenoides, Naccaria wigghii, Nemastoma 


dichotomum, Tenarea tortuosa, Cystoseira ercegovicii, C. Spinosa, Dilophus mediterraneus,Corallina 


elongata, Acetabularia parvula, D. membranacea, Posidonia oceanica and Zostera marina.  


In order to identify the presence of the above species, the field investigation was conducted in the LSA to 
assess any additional information regarding distribution and ecological needs. 


Based on the field work observations, very limited marine flora species were detected in the LSA during 
field survey. Among the number of species that could be potentially present in the LSA, P. oceanica has 
been detected in the northern sector of the LSA on hard beds, whilst a broad area in the LSA southern 
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sector presents dead “mattes”. Rare spots of P. oceanica and dead mattes have been then detected as 
sparse bunches not mapped.  


In the northern sector plants of posidonia are present in three different formations: i) in patches within dead 
mattes; ii) as sparse P. oceanica; iii) along with algae on hard substrata. 


In all formation, the rhizomes’ density is very low and length of leafs are limited. 


Figure D.4.3-3 Patches of P. oceanica and dead mattes (images extracted from the video made in 
the study area during the survey) 


 


  


Figure D.4.3-4 Sparse P. oceanica on the right and P. oceanica and algae (Codium bursa) on hard 
substrata (images extracted from the video made in the study area during the survey) 


 


P. oceanica is listed in Annex II of Barcelona Convention (Protocol concerning specially protected areas 
and biological diversity in the Mediterranean (Barcelona, 1995). Annex II – List of endangered or 
threatened species.), therefore subject to protection and conservation provisions. Caulerpa racemosa is 
present in the LSA as an opportunistic species. Penicillus capitatus is present but rare on the sandy bottom 
of the area. Codium bursa is abundant in particular in the northern limit of the study area, where the hard 
substrata is colonized by this green algae and by P. oceanica. 
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Marine Fauna 


Shallow coastal marine waters are generally considered highly productive and important nursery grounds. 
It should be noted that populations or individuals of the fauna species that could occur in or visit the LSA 
are impacted by anthropogenic factors, since the area has been an industrial zone for many years. The 
main marine fauna groups are described in the following sections. 


Marine invertebrate 


Invertebrate fauna of the Aegean Sea is rich and diverse but many taxa are poorly studied.  


Invertebrate fauna of the Turkish Aegean Sea has been studied by several authors: Unsal (1981) reported 
23 species of the hydroid; Ünsal (1975) reported 112 bryozoa species; Albayrak and Balkıs (2000) listed 47 
Hydrozoa species from the Aegean and Mediterranean part of Turkey; Öztürk & Çevik (2000), examining 
previous studies, counted 745 Mollusca species along Turkish coasts (174 species are endemic to the 
Mediterranean and 55 species are Lessepsian migrants). Sarıtaş in 1974 examined the sponge fauna in 
Izmir Bay; 47 sponge species where found. 


Data directly collected in the LSA can be found in Ergen et al., (1994). The authors studied the benthic 
fauna of the Gencelli Bay (or Nemrut Bay). 279 taxa belonging to various systematic groups have been 
determined. Among these groups Polychaeta ranks first with 95 taxa, followed by Crustacea and Mollusca 
with 82 and 57 taxa respectively. 


The following invertebrate species are protected under the Turkish law: Spongia officinalis; Pinna nobilis 


(pen shell); Asterina pancerii (sea-star); Charonia lampas (triton), Dolium galea; Haliotis lamellosa (sea 
ears); Corallium rubrum (red coral); Gerardia savaglia (black coral), species that are under threat due to 
mass diving tourism in some areas such as Ayvalik, Bodrum and Datça. 


During the field survey, the following taxa were detected in the 8 points grabbed, indicated in below table 
also as number of individuals found per sample point. 


Table D.4.3-2: Marine Invertebrate Species Observed During the Site Visits 


TAXA Species P1 P2 P3 P4 P5 P6 P7 P8 


ANELLIDA AMPHARETIDAE Ampharetidae - - - - - 1 - - 


ANELLIDA CIRRATULIDAE Cirratulidae - - - - - - 1 - 


ANELLIDA EUNICIDAE Eunicidae 1 - 2 - - - - - 


ANELLIDA GLYCERIDAE Glycera sp. - - - - - - - 1 


ANELLIDA LUMBRINERIDAE Lumbrineris sp. - - - - 1 - - - 


ANELLIDA LUMBRINERIDAE Lumbrineridae 1 2 - - 1 1 1 1 1 


ANELLIDA LUMBRINERIDAE Lumbrineridae 2 - - - - 2 - - - 


ANELLIDA MALDANIDAE Maldanidae 1 1 1 1 1 1 - 1 1 


ANELLIDA MALDANIDAE Maldanidae 2 - - - - - - 2 - 


ANELLIDA NEREIDAE Nereidae 1 - - - - - 1 - - 


ANELLIDA NEREIDAE Nereidae 2 - - - - - 2 - - 


ANELLIDA ONUPHIDAE Onuphidae - 1 - - - - - - 


ANELLIDA SERPULIDAE Serpulidae - - - - - - 1 - 


ANELLIDA SPIONIDAE Spionidae - - - - - - - 1 


ANELLIDA SYLLIDAE Syllidae - - - 1 1 - - 1 


ANELLIDA TEREBELLIDAE Terebellidae - - - - - - - 1 
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TAXA Species P1 P2 P3 P4 P5 P6 P7 P8 


CRUSTACEA DECAPODA Decapoda - - - - 2 - - - 


ECHINODERMATA AMPHIURIDAE Amphiura cf. chiajei - - - 1 - 1 - 1 


ECHINODERMATA OPHIUROIDEA Ophiurida unid. (damag.) - 1 - - - - - - 


MOLLUSCA BIVALVIA Nucula nucleus - - - - - - - 1 


MOLLUSCA BIVALVIA Cardiidae - - - - - 1 - - 


MOLLUSCA BIVALVIA Tellina cf. pulchella - - - - - - - 1 


MOLLUSCA GASTROPODA Nassaridae - - - - 1 - - - 


MOLLUSCA GASTROPODA Natica sp. - - - 1 - - - - 


 


In general the most common invertebrates are represented by Anellida taxa, (species Maldanidae 1 and 
Lumbrineridae 1 have been almost detected in all sample points), whilst Crustacea, Echinodermata and 
Mollusca taxa are less abundant. Octopus (Octopus vulgaris) was observed in the posidonia meadows in 
the northern part of the study area. In addition the purple sea urchin Sphaerenchinus granularis has been 
identified in transects TR1 and TR2, and a number of other sponge species. The sea star Echinaster 


sepositus has been observed in the TR10. Finally in TR1 (northern sector of the LSA) the spongia 
Oscarella sp and a species of Axinella genus, Porifera listed in Annex II of the Barcelona Convention, have 
been observed.  


Fish 


About 300 fish species have been recorded in the Aegean Sea. This number is increasing with the arrival 
of new alien species from the Red Sea (e.g. Pinguipes brasilianus, Omobranchus punctatus, Bregmaceros 


atlanticus, Champsodon nudivittis, Tridentiger trigonocephalus and Opleognathus fasciatus) (Cinar et al., 
2011). 


Some data are available from the study conducted by Istanbul University, Department of Environmental 
Engineering (Ass. Prof. Nüket SİVRİ), in which 48 fish species are found in the field research and literature 
review regarding the Nemrut Bay, the Aliağa port and its costal area, with 21 species of highly economic 
importace in terms of fishery.  


However, the field survey has not revealed a broad range of species: Chromis chromis, Diplodus vulgaris, 


Coris julis and the alien species Siganus luridus in the northern section of the LSA; Scorpaena sp, 
Trachinus sp and a small cartilaginous fish (order Batoidea) in the southern section of the LSA, can be 
mentioned as intercepted in the LSA. 


A list of fish caught by the fishermen of Aliaga port along the coast close to the LSA is given in the section 
dealing with fishery within the social evaluation. 


Marine mammals 


In the Aegean Sea the 9 cetaceans listed below are known to occur: Delphinus delphis, Tursiops truncatus, 
Stenella coeruleoalba, Globicephala melas, Grampus griseus, Pseudorca crassidens, Physeter catodon, 
Ziphius cavirostris and Balaenoptera physalus. All cetacean species in Turkey are under legal protection. 
(Notarbartolo di Sciara, 2012). 


In 1998 Öztürk reported 23 cetacean strandings in the Aegean and Mediterranean coasts of Turkey during 
1990-1997 years, which can be higher taking into account the lack of an effective stranding network.  


Güçlüsoy and Cirik (2007) also reported a total of 20 stranding during 2001 to 2003 in the Aegean Sea, 
including four strandings of the sperm whale.   
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In 2008 a field study on the cetacean population in the Aegean was conducted with the support of the 
Turkish Ministry of Agriculture and Rural Affairs and Agricultural Research General Directorate. In August 
2008, 66 individuals, belonging to three cetacean species (T. truncatus, S. coeruleoalba, D. delphis) was 
recorded. Considering that the survey effort was 652 nm, the encounter rate was calculated as 0.27 
sightings/10nm. In November 2008 an additional campaign was made; 518 nm survey efforts were carried 
out. Totally 103 individuals belonging to the same three species observed during the previous campaign 
were censused. The encounter rate was calculated as 0.38 sightings/10nm. 


On the basis of the available data, theoretically, especially three species could occasionally occur in the 
study area (T. truncatus, S. coeruleoalba, D. delphis). These species are distributed through all the 
Mediterranean Sea; T. truncatus mainly in coastal water and the other two species mainly in pelagic water. 
(Notarbartolo di Sciara, 2012). 


 None data in scientific literature indicates the presences of relevant nursery or feeding area for cetaceans 
within the LSA. Furthermore, considering that the project area is already strongly modified by human 
activities and infrastructures, the presence of cetacean populations resident in the LSA can be excluded. 
Occasionally presence, especially of T. truncatus in passing on the LSA, can’t be excluded.  


The Monachus monachus (Mediterranean Monk Seal) is regarded as Critically Endangered (C) by IUCN 
(International Union for Conservation of Nature) 2008. M. monachus. In: IUCN 2011. IUCN Red List of 
Threatened Species. Version 2011.2) and is under legal protection in Turkey since 1977. The 
Mediterranean Monk Seal is the rarest existing species in the Phocidae family with estimated 400 and 500 
individuals and is the sixth most threatened mammal in the world (Panou et al., 1993). 


Eradicated from most of its former range, the species is now mainly confined to two surviving populations, one 
occupying the Atlantic coast of northwest Africa, and the other, the eastern Mediterranean (Brasseur et al. 1997, 
Johnson & Lavigne 1999), The largest population — ca. 250 to 350 ind. — survives in the northeastern 
Mediterranean, mainly at remote locations in the Ionian and Aegean Seas and the Cilician Basin (Güçlüsoy et al. 
2004, Gucu et al. 2004, Mom 2007). 


The species inhabitats the Aegen Sea as shown below (source: IUCN 2011.2); in particular quiet and 
isolated islets and islands, calm beaches and underwater caves are the most important monk seal habitats 
in the Turkish waters. 


 


Figure D.4.3-5 Distribution of Monachus monachus in the Aegean Sea 


Neverthless, considering the features of the LSA, the presence of the Mediterranean Monk Seal can be 
excluded. 
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A national Turkish strategy has been prepared in order to coordinate all the efforts for the survival of this 
species and to develop a comprehensive policy. The Action Plan for the Turkish Aegean and 
Mediterranean Sea consists of the following four main vectors: habitat management, reduction of the 
mortality, public awareness programs, and research and monitoring of the Mediterranean monk seal 
population. 


Fourteen sites in Turkey were classified as important for the Mediterranean monk seals, by the NGO's and 
universities working on this subject.  


 


Figure D.4.3-6 Distribution of Monachus monachus in the Aegean Sea. The 14 most important monk 
seal habitats along the Turkish coasts of the Mediterranean and Aegean Sea. (1. Gökçeada-Bocaada-


Baba Br., 2. Foça-Yeni Foça, 3. Karaburun-Mordoğan, 4. Çeşme-Alaçatı, 5. Dilek Yarımadası-Kuş 
Adası, 6. Küdür Yarımadası-Bodrum Yarımadası, 7. Karaada-Bodrum, 8. Gökova-Ören, 9. Datça-
Bozburun, 10. Göcek-Fethiye, 11. Olimpos Milli Parkı-Kemer, 12. Gazipaşa-Taşucu, 13. Cilician 


Havzası, 14. Samandağ) 


The draft General Code of the Turkish Action Plan for Monk Seal includes the following restrictions: 


• Entering monk seal caves by any means is prohibited. Only researchers may enter the caves, 
solely for conservation purposes, provided that necessary permits are obtained from the 
relevant government authorities.   


• All types of construction, such as secondary summer housing (single units or groups), road 
building (rough or asphalt), all tourist facilities (regardless of whether they are permanent or 
temporary), and forest cutting are prohibited within 1000 meters from the coast in Monk Seal 
Protection Areas.   


• An as yet undefined speed limit will be imposed on vessels entering MSPAs.   


• The regulation of fishing within the MSPAs will be defined by the Ministry of Agriculture with the 
advice of the NMSC.   


• No fish farms may be added to the development plans of areas incorporating MSPAs, and 
existing fish farms will be obliged to install outer protection nets in order to avoid conflict 
between seals and fish farmers.  
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• As the Committee’s recommendation, in-situ protection measures should take place in 
GOkceada Island in the Northern Aegean Sea, Foca region in the Central Aegean Sea, Kokar, 
Sigacik and Dilek Peninsula, Bodrum Peninsula, from Fethiye to Antalya, from Gazipasa to 
Erdemli and from İskenderun to Samandag.  


The closest area where monk seals have been reported is Foça (more than 20 km south to the LSA). 
(Güçlüsoy and Savas, 2003).  A pilot project has been established in Foça to monitor the seals and carry out 
the public awareness activities for the conservation of monk seals. Foça Pilot Project started in 1993 as it 
was determined to be a pilot area for the monk seal conservation by the National Monk Seal Committee of 
Turkey. In that area, the fishing activity is regulated and trawling and purse seining are prohibited.  


Marine turtles 


Two species of marine turtle nest regularly on Turkish beaches: the loggerhead turtle Caretta caretta 
(protected by Barcelona Convention) and the green turtle Chelonia mydas. The loggerhead turtle and the 
green turtle are protected under the Turkish legislation and are considered “Endangered” by IUCN 
(www.iucnredlist.org). 


The most important C. caretta nesting beaches in Turkey are Dalyan (11.9%), Kumluca (11.3%), Belek 
(27.9%), Kizilot, (8.9%) and Anamur (8.8%), while those for C. mydas are Kazanli (24.1%) and Akyatan 
(54.4%) (Canbolat, 2004): all these areas are located in the Turkish Mediterranean Sea and not in the 
Aegean Sea.  


 


Figure D.4.3-7  Nesting grounds of sea turtles in Turkey (Öztürk, B et al., 2002) 


No nesting beach is reported in the LSA or in its neighbouring beaches.  


In addition sea turtles breeding activity is such a delicate process that could get affected by various 
environmental parameters. During nesting season female sea turtles approach their preferred beaches in 
the dark and silence of the night, lay their eggs in burrows above the high tide line and return to the sea 
(Greene, 2002). 


The impact of the Project activities on marine turtle population can be excluded. 


Alien species 


Cinar et al. (2011) reviewed the alien species along the coasts of Turkey which represent a total of 400 
alien species belonging to 14 systematic groups. The same study reports the first findings of Vanderhorstia 


mertensi and Mya arenaria in the Aegean Sea, together with the already assessed e.g.  Trichodesmium 


erythraeum, Trichodesmium erythraeum, Botryocladia madagascariensis, Polysiphonia paniculata, 


Amphistegina lobifera, Hydroides elegans, Ficopomatus enigmaticus, Etrumeus teres. Success of an 
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introduced species in the new environment generally depends on a combination of several bio-ecological 
factors, but as experienced drastically in the Mediterranean Sea, some ecosystems are known to be more 
susceptible to invasion. 


The worldwide vectors for alien marine species are diverse and can be listed under 15 broad categories, 
including prominent factors such as commercial shipping activities, canals, aquaculture and fisheries, 
drilling platforms and the aquarium industry (Bax et al., 2003).  


The presence of two alien species identified during the survey carried out in the LSA needs to be reported: 
Siganus luridus (rabbit fish), a lessepsian migrant observed and filmed by video camera in the in the 
northern section of the study area; and the green algae Caulerpa racemosa, an opportunistic species 
colonising especially dead mattes of the marine bottom of the bay. 


D.4.4 Impact Assessment 


Issue Scoping 


Potential issues associated with marine flora and fauna have been determined based on a professional 
review of the potential effects of the jetty development on the specific conditions present in the Project 
area. 


These issues are: 


• construction of the Project will involve filling of sea areas for the planned activities. Filling will result in 
an impact to some habitats and species in the short to medium term; 
• in the area interested by the building of the new port infrastructure only a limited portion of the bottom 
colonized by sensitive species (P. oceanica) has been detected to be directly impacted; 
• the main consistency of sensitive species identified is located out of the project area, in the northern 
section of the LSA; 
• the Project could directly or indirectly impact marine species and marine biocenosis, in particular it 
could affect the following sensitive species: (i) P. oceanica; (ii) sponge population inhabiting the northern 
part of the study area; 
• it is believed that the potential introduction of invasive weedy species could be an issue to be further 
assessed, given the opportunistic features of several invasive species (e.g. colonization of new hard 
substrata; occupation of dead mattes of P. oceanica; transport of new invasive species through ships). 


 
Based on these issues, the key questions for marine flora and fauna have been defined as: 


• What effects will the Project have on existing species? 
• Are there protected rare, endangered and endemic species in the area and if yes what effects will 
the Project have on them? 
 


Key Question Marine Flora and Fauna-1: What effects will the Project have on the existing species? 


Linkage Evaluation 


Even though the Project site is strongly anthropized, the Project construction and operational activities will 
occur on sea bottom areas colonized by a number of vegetal and animal species. Furthermore a site visit 
approach was taken to compile fauna and flora species lists together with a data collection from literature, 
to verify the possible presence of such species on the Project site. Given the presence of the listed 
species, this linkage is valid and is therefore assessed further below. 
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Impact Analysis Methods 


Direct and indirect impacts of the Project on marine flora and fauna from construction and operations 
phases were assessed through a qualitative assessment of the LSA considering the data collected during 
the site survey.  The qualitative assessment of the impact in the LSA analysed separately the construction of the 
first two jetties (phase 1) and the construction of 1 or 2 additional jetties in the northern section of the area 
(phase 2). Two different alternatives have been considered within phase 2. The first scenario consider the 
construction of only 3 jetties, while in second scenario a fourth jetty is added in the northern part of the LSA. 


Impact Assessment Criteria 


The criteria for rating impacts for marine flora and fauna are presented below. 


Table D.4.4-1  Marine Flora and Fauna Impact Description Criteria 


Direction(a) Magnitude(b) 
Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive, 
negative or 
neutral for the 
measurement 
endpoints 
(changes in 
areas of 
vegetation 
communities) 


negligible: no measurable 
effect on the 
measurement endpoint 
low: <10% change in 
measurement endpoint 
moderate:  10 to 20% 
change in measurement 
endpoint 
high: >20% change in 
measurement endpoint 


local: effect 
restricted to the 
LSA 
regional: effect 
extends beyond the 
LSA to the Project 
region 
beyond regional: 
effect extends 
beyond the Project 
region 


short-term: 
<5 years 
medium-term: 5 
to 49 years 
long-term: 
>49 years 


reversible  
or 
irreversible  


low: occurs 
once 
medium: 
occurs 
intermittently 
high: occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. Considers a 4 year construction 
period and a 30-year operations period. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


The reason for designating a 20% change as the threshold for high magnitude impact is as follows. A large 
amount of ecological literature considers changes in measurement endpoints of over 20% compared to 
baseline as having a high magnitude impact on biological systems. Suter et al., (1995) have identified that 
the 20% rule for the severity of effects from contamination is applicable by analogy to many real scales of 
ecological effects. Lande's (1997) demographic model predicts that species with low demographic potential 
cannot persist if suitable habitat is reduced by more than 20%. These impacts are variable; species are 
predicted to exhibit a diverse array of responses to habitat fragmentation, depending upon the specific 
combination of life history traits and dispersal capabilities (With and King, 1997). Species with limited 
reproductive potential are predicted to become extinct sooner than predicted by Lande's model. This 20% 
criterion is therefore the base case used in the flora and fauna impact analyses. 


Impact Analysis Results 


It should be noted that populations or individuals of the fauna and flora species that could occur in or visit 
the LSA are already impacted by anthropogenic factors, since the area has been an industrial zone and 
harbour facility for many years. The sea area interested by the Project is already disturbed by industry 
activities and by waste discharges (e.g. pneumatic tires, metallic drums). The spread of large areas 
interested by the dead mattes indicates the presence in old times of P. oceanica in main part of the LSA. 
Posidonia probably has been eliminated by several factors occurred during the last decades.  


In general, according to project description, land reclamation along the coast will be done with marine filling 
by quarried rock. The average width of the reclaimed area will be 30 meters. All jetties will be founded on 
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large diameter steel piles, placed with the help of hammer pile driving machine mounted on a floating dock. 
During construction activities construction material, crane, pile driver, excavator, or any other equipment 
will be fitted on a barge or a flooting dock. Moreover, construction of marine infrastructure will maximise the 
use of precast or prefabricated components. Some equipment and components will arrive by heavy lift ship 
and be installed directly onto the substructure. Other equipment and components may be stored on the 
structure before erection. These construction operations will cause the permanent cover of sea areas 
caractherized by soft bottoms. Also sediment mobilization, suspention and deposition will occure 
depending on marine currents. 


However, the construction techniques used are more ecologically sustanible than filling of sea areas with 
soil or concreate, because pillares and rocks creates new ecological niches for marine flora and, expecially, 
marine fauna. The presence of new jetties and wharfs constitutes an increasing of hard substrata and 
artificial habitats for fish and invertebrates. The additional fish habitats provided by artificial structures 
attract fish for many reasons, including protection from predators, feeding opportunities, shelter from 
currents, and extra settlement habitat for recruitment. Both the presence of artificial structures and the 
benthonic organisms colonising those structures influence associated fish assemblages. 


The model on current regimes and solid transport is calculated for baseline conditions Balas (2008), while 
qualitative considerations are used in order to assess the changes in the current regime for phase 1 and 
phase 2 of the project. This strategy was chosen considering the low dynamic of the bay, the low sediment 
accumulation rate and the absence of dredging activities.  


In  general, for both the phases and the scenarios, alongshore NW current could couse sediment 
transportation in certain periods. Considering that the alongshore current could potentially cause a 
moderate sediment accumulation in the southern end of the jetties and the wharf (extimated in 2,2 cm a 
year). However, sediment runoff created during construction activities could be transported and deposit in 
the northwest portion of the LSA, where P. oceanica was detected, especially for Phase 2. Mitigation 
measures will be put in place in order to avoid or limit this impact. 


 


Phase 1 


Direct impact, due to the covering and filling on portions of sea bottom by port infrastructures, will occur on 
benthonic species living in the sandy and muddy bottom and on dead mattes. These species are commonly 
distributed and characterized by elevated ecological plasticity.  


Limited direct impact could occur on P. oceanica allocated in the northern sector of the LSA. Another direct 
impact could be associated with the operational activities during the construction phase (e.g. anchoring; 
mooring) and could occur on the benthonic species living in the sea bottom around the project area. Direct 
impact to fish is limited to a temporary removal during the building activities mainly due to noise 
interference. 


With concerns to the indirect impact, as described in the physical components sections, impacts to the 
marine environment from the Project are possible owing to erosion and sediment run-off during the 
construction and the life cycle of the Project. The solid structures can reduce the water flow and interfere 
with littoral processes leading to sediment build up, therefore indirect effects due to a potential increase in 
sedimentation regime could affect phytoplankton, zooplankton and benthonic organisms; this  may lead to 
an indirect impact on the food chain sequence, foremost fish species.  


On the basis of data from the model sediment dispersion (par.C.10), two prevailing wind (and waves) 
directions SW and NE characterize the area. While NE direction simulation does not determine long-shore 
currents and hence no sediment transportations, the SW direction simulation may cause sediment 
transportation. This SW wind and waves could cause an accumulation of sediment on posidonia and hard 
bottom communities located in the northern section of the study area.  
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Moreover any accidental spilling or chemicals leaking from the Project can interfere with marine flora and 
fauna species, subsequently compromising the associated habitats. However, mitigations for the latter 
potential impacts result in a negligible or low predicted environmental consequence on the marine 
environment. 


With regards to marine mammals, marine traffic and noise due to the construction activities cause 
disturbances to marine mammals feeding and living areas. Considering the feature of the LSA, the unique 
species that theoretically could occasionally inhabit its water is the Tursiops truncatus (bottlenose dolphin).  


With concerns to invasive species, maritime transport is the main vector helping exotic marine species to 
spread around the world. Non-native species are carried in the ballast water or are attached to the boats 
hulls (a phenomenon called fouling). This is the oldest way of introducing aquatic species. The application 
of simple initiatives and attentions to limit these risks are suggested in the mitigation section. 


On the other hand it has to be noted that the new port infrastructures can modify the environment 
increasing the availability of hard substrata and shadow areas, enhancing the presence of new 
Mediterranean benthonic and nectobentonic species, and in particular sciophilous organisms. 


Phase 2 


In comparison with (negative and positive) impacts described for Phase 1, additional impacts during Phase 
2 will be expected on the posidonia mapped in the study area (about 26,000 m2)10. The impact will be 
mainly related to the construction of the northern part of the wharf and of the two additional jetties (jetty 3 
for the first scenario, and jetty 4 for the second scenario) which, respectively will be close to and will cover 
areas with sporadic presence of P. oceanica. In particular the jetty 4 (second scenario) is the main 
impacting element of the Phase 2 on the posidonia and hard substrata communities. 


It has to be highlighted that at the construction completion (second scenario), remaining plants located 
close to the wharf and not directly covered by the new infrastructures could be still impacted due to the port 
activities (about 3,000 m2). It is therefore unlikely that this residual plant will survive. 


Only the rhizomes located on hard substrata and those located far enough from the coast (and from the 
new infrastructures) could have survival chances if mitigation measures suggested below will be applied. In 
any case the plants of posidonia, at present sporadically distributed in part of the study area, must be 
considered strongly impacted by the Phase 2 second scenario of the Project, due to the jetty 4 and 
corresponding wharf portion construction. 


During the construction and later during the operational phase indirect impacts on the benthic flora and 
fauna communities colonising the hard bottom of the LSA northern section could occur. Special attention 
should be given to this area in order to avoid or limit indirect impacts. In particular the damages to benthic 
assemblages can be mainly caused by: i) mechanical impact during construction phase and operation 
phase (berths, dumping); ii) sediment run-off and consequent increasing of sedimentation in this northeast 
area during the construction and operation phase; iii) accidental spilling or chemicals leaking during both 
construction and operation phase. 


Mitigation 


 Phase 1 


                                                      


10 Posidonia has been considered to cover one third of the biocoenoses called “Posidonia oceanica and dead 
matte mosaic meadow” and to cover one quarter of the biocoenoses called “Mosaic of Posidonia oceanica 
meadow, RCEO and sciaphilous algae” 
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• The Project footprint will be minimized to the smallest extent possible to meet and support the 
Project works and activities.  
• The northest portion of the wharf should be planned in order to avoid any overlapping with the 
P. oceanica meadow.  
• Inadvertent disturbance to P. oceanica could be controlled through clear demarcation of the 
meadow’s boundarie, by using small buoys positioned by scuba divers. 
• During the construction phase it is advisable to avoid working activities and ships mooring 
close to the hard bottom area located 700 m north from the upper limit of the project area 
(medium point coordinates of the hard bottom: 38°47'38.18"N   26°54'30.98"E). 
• In order to avoid filling material  spreading out through the marine environment, and therefore 
causing turbidity and sea pollution by spreading around the sea, the activity owner shall take 
structural measures. In particular SW wind and waves could cause an accumulation of sediment 
on posidonia and hard bottom communities located in the northern section of the study area. 
Classical systems like silt curtains and containment booms can be adopted during the 
construction activities to protect sensitive species of northern area from sedimen accumulation. 
• The filling material should not include heavy metals; moreover the mineralogical, chemical and 
physicochemical characteristics of the material shall not derogate the present quality of the sea, 
and shall be in accordance with the legal authorities.  
• Providing a stone side on the jetty and scouring the surface to provide a rough surface more 
attractive for settlement of marine organisms, in order to offer additional ecological niches for 
marine flora and fauna species. 
• It is suggested a guide for checking and managing ballast water in order to mitigate the 
transfer of harmful and pathogenic organisms and alien species. The recommended measures 
are: exchanging ballast water out at sea; regularly cleaning the ballast tanks to eliminate the 
sediment and mud that can accumulate there; discharge on land where treatment facilities exist. 
• Given that closure will not occur for at least 30 years and that the area is designated for 
ongoing industrial use, it is not useful to comment in any detail on reclamation activities closure. 
Such planning would occur close to the closure period once closure objectives are decided. 
 


Phase 2 
 


As already indicated for Phase 1 some abovementioned mitigations can be also applied to Phase 2, in 
particular:  


• to avoid filling material spreading out through the marine environment applying structural 
measures; to use filling material presenting mineralogical, chemical and physicochemical 
characteristics in accordance with the Legal Requirements.  


• to offer additional ecological niches for marine flora and fauna species providing a stone side 
on the jetty (developing of new microhabitats); to manage correctly ballast water. 


 


Other additional mitigations listed below concern in particular Phase 2 of the project. In particular, 
according to a best practice approach to managing biodiversity risk, the concept of ‘mitigation hierarchy’ 
should be applied to ensure ‘no net loss’ of biodiversity (IFC 2012 – PS6). In accordance with the mitigation 
hierarchy, efforts should be made to prevent or avoid impacts to biodiversity, then minimise and reduce, 
and then repair or restore adverse effects. After these steps, any significant residual effects should then be 
addressed via a ‘biodiversity offset’ in order to achieve no net loss of biodiversity.  


• The northeast portion of the wharf should be planned in order to avoid any overlapping with 
the hard substrata constituting the small cape in the northern part of the study area.  


• During the construction phase it is advisable to avoid working activities and ships mooring 
close to the hard bottom benthonic communities located northern to the last portion of the coastal 
platform (medium point coordinates of the hard bottom: 38°47'38.18"N   26°54'30.98"E). 
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• Impacts on posidonia located directly under the northern part of the wharf and under the jetty 4 (i.e. 
around the new infrastructures planned within a 10 meters buffer area) could not be likely avoided. No 
mitigation measures could be applied, therefore, in order to render acceptable the Phase 2 of the 
Project, for the second scenario (construction of jetty 4) the re-planting of posidonia could be taken into 
consideration as compensative measure. Within this framework the following items must be 
considered: 


- Posidonia re-planting can be carried out using tested methods, set during 40 years of 
studies and experiences carried out in the Mediterranean Sea; 


- A key point is the right choice of the re-planting sites; a preliminary survey aimed to obtain 
useful information about the pre-selection of suitable re-planting sites is necessary. 


Monitoring of the re-planted meadow during the following two years must be carried out to ensure the 
replanting operation (see monitoring paragraph for details). A code of good practice in posidonia 
transplanting projects has been adopted by the EU Parliament, within the STOA program (presented in 
Corfú, Greece, in September 1993, Boudouresque 2003). A synthesis of all this is given here and in 
Gravez and Boudouresque (2003). As a general rule all sites and strategies considered for potential 
restoration should always be tested in advance using experimental, small-scale plantings to ensure their 
suitability before any major restoration projects are launched. 


Public disclosure actions system could be set up to increase social awareness in sensitive coastal habitats 
(e.g. by meaning of publicity materials on billboards or brochures to be distributed to the public).  


Based on the above mitigation outcomes, a Biodiversity Action Plan with specific reference to marine 
issues was developed  in order to evaluate whether biodiversity offsets are required. 


Residual Impacts 


Residual impact is described separately for the 2 phases of the project. 


Phase 1 


Overall impacts due to the Project activities scheduled in Phase 1 (jetties 1 and 2) for all marine flora and 
fauna are predicted to be of moderate magnitude, have a local geographic extent (LSA), medium term 
duration, and a high frequency. On the whole environmental consequences are low. 
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Table D.4.4-2:  Residual Impact Classification for Marine Flora and Fauna 


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Flora and Fauna-1: What effects will construction of the Project (Phase 1) have 
on the existing species? 


Negative Moderate  Local  Medium 
tem Yes High Low 


 


Phase 2 


First scenario 


Overall impacts due to the Project activities scheduled in Phase 2 first scenario (jetties 3) for all marine 
flora and fauna are predicted to be of moderate magnitude, have a local geographic extent (LSA), medium 
term duration, and a high frequency. Environmental consequences are reduced up to low considering 
mitigation measures. 


 


Table D.4.4-3: Residual impact classification for marine flora and fauna 


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Flora and Fauna-1: What effects will construction of the Project (Phase 2) have 
on the existing species? 


Negative Moderate  Local  
Medium 
term Yes partial High Low  


 


Second scenario 


Overall impacts due to the Project activities scheduled in Phase 2 second scenario (jetties 3 and 4) for all 
marine flora and fauna are predicted to be of moderate-high magnitude, considering mitigation, have a 
local geographic extent (LSA), medium term duration, and a high frequency. With concerns to the 
reversibility this is only partial and linked to the success of the posidonia re-planting. Environmental 
consequences should be high, but can be reduced up to moderate in case the posidonia re-planting is 
carried out successfully. The re-planting operation is recommended to compensate the overlap of the jetty 
4 with the area colonised by posidonia. 


 


Table D.4.4-4: Residual impact classification for marine flora and fauna 


Direction Magnitude Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Flora and Fauna-1: What effects will construction of the Project (Phase 2) have 
on the existing species? 


Negative Moderate - 
high  Local  Medium 


term Yes partial High Moderate 
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Monitoring 


Phase 1 


Monitoring is the only way to ensure that damage is kept to a minimum. It also provides valuable 
information on the success of the Project and can help in future decision-making. Monitoring with respect to 
the  sedimentation regime on marine assemblages and the posidonia’s status is suggested, taking remedial 
action if necessary. 


• Monitoring of sedimentation on marine assemblages through ad hoc sediment marks with 
centimetre scale. During the construction phase scuba divers should regularly (e.g. monthly) 
verify and photograph the sediment level variation on the sea bottom.  


• Any accidental discharges will be reported through an incident reporting system, and the 
response actions taken for facing the contingency will be reported, thus providing sea 
bed/water contamination monitoring and control.  


• Two stations located within the posidonia meadows should be monitored ante operam and 
during the construction applying phonological, lepidochronological and balisage methods. A 
six monthly frequency during the construction phase is suggested, then, during the operational 
phase, an annual frequency during the first 2 years. 


• In order to monitor the presence of nesting of marine turtles around the Project area once a year, 
between July and August, a trained biologist should carry out a survey of turtle nests on the 
beaches present in a coastal buffer of 5 km around the Project area. The results of the monitoring 
activities will be expressed in the annual report.  


• A register cetacean strandings in a buffer area of 10 km around the Project area (if any) should be 
kept. The results of the monitoring activities will be expressed in the annual report.  


• If the presence of nesting marine turtles is observed, or if there is an anomalous presence of  
cetacean strandings in the area additional mitigation measures will be put in place. These 
measures should be identified according to the species and the area involved. Therefore it is not 
possible to plan them in advance. 
 


 
Phase 2 


• Similarly to Phase 1, also for Phase 2, monitoring of sedimentation and incident reporting 
system are recommended. In addition, as proposed for the Phase 1, also during the Phase 2, 
two stations should be located in the area colonised by P. oceanica out of the part of the 
meadow directly overlapped by the new infrastructures and monitored ante operam and during 
the construction applying phenology, lepidochronology and balisage methods. Monitoring 
should be performed with a six monthly frequency during the construction phase, then, during 
the operational phase with an annual frequency during the first 2 years. 


• In addition, in case the re-plantation activities are carried out,(phase 2,second scenario) an ad 
hoc monitoring focused on re-planted posidonia should be undertaken. The monitoring of the 
re-planted posidonia, should be performed by scuba diving and the analysis should be carried 
out by using non destructive methods. The measures should involve some descriptors of 
health status of meadow as:  


o survival rate of shoots;  
o shoot density and length;  
o leaf necrosis;  
o radication;  
o leaf epiphyte community; 
o sexual and vegetative reproduction.  


 


An appropriate frequency of monitoring activities should be chosen after the planning of re-
planting operations. However, since scientific literature highlights that the survival rate of 
P. oceanica shoots is dramatically reduced in the early months after replanting operations, 
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while becoming almost stable after four to five months, the following frequency of monitoring 
should be considered: Time 1: 1 month after the re-planting operations; Time 2: 3 months 
after the re-planting operations; Time 3: 6 months after the re-planting operations; Time 4: 12 
months after the re-planting operations; Time 5: 18 months after the re-planting operations; 
Time 6: 24 months after the re-planting operation. 


 
Key Question Marine Flora and Fauna- 2: are there protected, rare, endangered and/or endemic species in 
the area and if yes what effects will the Project have them?  


Linkage Evaluation 


As described above in the marine flora and fauna baseline section, one protected marine species is 
present in the LSA, the macrophyte Posidonia oceanica. In addition the genus Axinella (porifera) has been 
detected in the northest portion of the LSA; considering that two species (A. cannabina and A. polypoides) 
belonging to this genus are under protection, special attention is recommended. Given the presence of 
those species this linkage is valid. 


As concerns marine mammals and marine turtles their presence in the LSA can be excluded as referred 
above The closest area where monk seals have been reported is Foça (more than 20 km south to the 
LSA). 


Impact Analysis Methods 


Direct and indirect impacts of the Project on protected marine flora and fauna from construction and 
operational phases were assessed through a qualitative assessment of the LSA, considering the data 
collected during the site survey. Planned mitigations have been considered as well. The qualitative 
assessment of the impact in the LSA analysed separately the construction of the first two jetties (phase 1) 
and the construction of 1 or 2 additional jetties in the northern section of the area (phase 2). Two different 
alternatives had been considered. The first scenario consider the construction of only 3 jetties, while in 
second scenario a fourth jetty is added in the northern part of the LSA. 


 


Impact Assessment Criteria 


The impact assessment criteria are the same as for above section. 


Impact Analysis Results 


General consideration regarding construction techniques and sediment accumulation impacts are the same 
as expressed in the previous section. 


Axinella sp. has been observed during the field survey. This sponge seems to constitute a facies covering a 
limitated portion of the hard substrata, below 10 m depth, in the north LSA boundaries. In turn, P. oceanica 
has been described in the northern sector of the LSA, at first as sparse population with dead mattes and 
then as tight and embedded vegetation . 
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Figure D.4.4-1 Posidonia oceanica presence in the LSA (field survey results) 


P. oceanica and Axinella sp. are both listed in Annex II of Barcelona Convention (Protocol concerning 
specially protected areas and biological diversity in the Mediterranean (Barcelona, 1995)11. 


Phase 1 


As described in the previous section, P. oceanica could be indirectly affected by the Phase 1 of the Project; 
moreover the seagrass could be negatively impacted by the wharf and jetties (1 and 2) planned in the 
Project, which could modify the water flow and interfere with process leading to changes in sediment run-
off and build up. P. oceanica is located about 350-400 meters from the northern jetty planned in the Project. 
On the basis of data from the model sediment dispersion especially the SW wind and waves could cause 
an accumulation of sediment on posidonia and hard bottom communities located in the northern section of 
the study area.  


Given these findings, it is again highlighted the importance of continuous monitoring on sedimentation flow 
during the construction phase and during the entire life of the Project. 


Phase 2 


This part of the project impacts more directly the rhizomes of posidonia. A portion of an area interested by 
the presence of dead mattes, and still partially colonized by P. oceanica, and a neighbouring zone 
interested by sparse P. oceanica, will be covered by the new wharf and by the jetty 4 (second scenario). 
Moreover an impact on the rest of the posidona colonized the area, even if not directly covered by 
infrastructures, is likely, especially in the area closer to the new port infrastructures (buffer zone of 10 m 
width). The rest of the posidonia rhizomes,  could have a limited impact if appropriate mitigation measures 
are applied. As concerns the direct impact on the rhizomes covered by the port infrastructures, this is 
mainly due to the jetty 4 and corresponding wharf portion construction. The only measures that could be 
applied is the re-planting of the rhizomes in an appropriate closer area, previously identified. 


                                                      


11 Annex II – List of endangered or threatened species), therefore subject to protection and 
conservation provisions 
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Mitigation 


The mitigations suggested are the same as for marine flora and fauna provided in above section.  


Residual Impacts 


Residual impacts are assessed for Phase 1 and for Phase 2 of the Project. 


Phase 1 


Overall impacts due to the Project activities (Phase 1) on protected species are predicted to be of low 
magnitude, have a local geographic extent (LSA), medium term duration, and a high frequency. 
Environmental consequences of the project activities of Phase 1 can be considered low. 


Table D.4.4-5: Residual impact classification for marine protected species 


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Flora and Fauna-2: are there protected, rare, endangered and/or endemic species in the area and if yes 
what effects will the Project (Phase 1) have them? 


Negative Low Local  Medium 
tem Yes High Low 


 


Phase 2 


Table D.4-6: Residual impact classification for marine protected species 


Direction Magnitude Geographic 
Extent Duration Reversibility Frequency Environmental 


Consequence  


Key Question Marine Flora and Fauna-2: are there protected, rare, endangered and/or endemic species in the area and if yes what 
effects will the Project (Phase 1) have them? 


Negative Low  Local  Medium tem Yes High Low 


 


Phase 2 


First scenario 


Overall impacts due to the Project activities (Phase 2, first senario) on protected species are predicted to 
have only a local geographic extent (LSA), medium term duration, and a high frequency. Magnitude is 
expected to be medium. Environmental consequence is expected to be low considering mitigation 
measures. 


Table D.4-7: Residual impact classification for marine protected species 


Direction Magnitude Geographic 
Extent Duration Reversibility Frequency Environmental 


Consequence  
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Direction Magnitude Geographic 
Extent Duration Reversibility Frequency Environmental 


Consequence  


Key Question Marine Flora and Fauna-2: are there protected, rare, endangered and/or endemic species in 
the area and if yes what effects will the Project (Phase 2) have them? 


Negative Moderate  Local  Medium 
tem Yes partially High Low 


 


Second scenario 


Overall impacts due to the Project activities (Phase 2, second senario) on protected species are predicted 
to have only a local geographic extent (LSA), medium term duration, and a high frequency. Magnitude and 
is expected to be moderate to high, considering mitigations in case the re-planting operation is carried out 
and is successful. Reversibility can be considered partially possible only in case of success of re-planting 
operation, if not the impact must be considered not reversible. The re-planting operation is recommended 
to compensate the overlap of the jetty 4 with the area colonised by posidonia. 


 


Table D.4-7: Residual impact classification for marine protected species 


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency 


Environmental 
Consequence  


Key Question Marine Flora and Fauna-2: are there protected, rare, endangered and/or endemic species in the area and if yes what 
effects will the Project (Phase 2) have them? 


Negative 
Moderate 
- High 


Local 
Medium 
tem 


Yes 
partially 


High Medium 


 


Monitoring 


The monitoring actions suggested are the same as provided in above section. 


Conclusion 


The findings of this ESIA have provided information on the nature and extent of environmental impacts 
arising from the Project. With regards to the marine flora and fauna discipline a medium environmental 
consequence has been identified in particular due to the presence of P. oceanica in the northern sector of 
the LSA, which is a species protected under the Barcelona Convention and by Turkish law. Excluding the 
presence of Axinella genus in a small portion of the north boundary of the LSA, the assemblages inhabiting 
the LSA are characterized by ubiquitous and tolerant species. 


The presence of protected flag species like cetaceans, monk seal and marine turtles has been analysed 
and discussed in the study on the basis of available literature, database and considering/analysing the 
features of the study area. Impact of the Project on these species can be excluded. However, considering 
the presence of the Foça area (more than 20 km south to the LSA) where the presence of monk seal is 
reported, the Oil Spill Emergency Response Plan of the port should take into account the presence of this 
area and adopt necessary measure to protect it in case of incident. 
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The Phase 1 of the Project, which implies the building of the southern part of the wharf and of the first two 
jetties (jetty 1 and jetty 2), does not have direct impact on sensitive species and the environmental 
consequence are low and of low magnitude. The intended activity could potentially impact the marine flora 
and fauna negatively in particular during construction stage. After the construction, the new buildings (e.g. 
wharf and jetties) will presumably become a significant sheltering, feeding and nesting area for the 
biological life (Jensen et al., 2000) (positive impact).  


With reference to Phase 1 of the Project monitoring with respect to the sedimentation regime and the 
posidonia meadow’s status is suggested during construction and operational phases, taking remedial 
action if necessary, especially should any disturbance be noted on P. oceanica. 


Regarding Phase 2, which implies the construction of the northern part of the wharf and of jetties number 3 
and 4, in addition to the low impact already identified and discussed for the Phase 1, some additional 
impacts should be considered. In particular the main impact stems from the direct overlapping of jetty 4 
(second scenario) and corresponding wharf with the area partially colonized by posidonia. These new 
infrastructures  could also impact the northern part of the study area, where sensitive sponge assemblages 
are located. The applying of mitigation measures during the construction and the re-plantation of the 
posidonia rhizomes directly impacted by the building could strongly reduce the environment consequence. 
In any case, especially with reference to sensitive species, a medium impact must be considered applying 
the precautionary approach.  


With reference to Phase 2 of the Project, as already described for Phase 1, monitoring with respect to the 
sedimentation regime and the posidonia meadow’s status is suggested; in addition, if re-planting of 
rhizomes is carried out, special monitoring activities focused on the re-planted posidonia will be necessary.  
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D.5 Biodiversity and Protected areas (Freshwater) 


D.5.1 Introduction 


This section considers the baseline results and impact assessment for biodiversity and protected areas. 
STAR recognizes that the activities of the Project may have an impact on biodiversity and commits to well 
consider biodiversity conservation in and around the project area.  


D.5.2 Study Area 


The biodiversity local study area (LSA) is the same as for terresterial flora and fauna which includes the 
Project site plus 1km buffer zone. For protected areas a broader study area was considered extending up 
to approximately 100 km within Izmir Province.  


D.5.3 Baseline Summary 


Methods 


With respect to protected areas, the natural parks, wetland areas, natural monuments, natural reserve 
areas, wildlife protection areas, areas for raising wild animal, cultural properties, natural properties, 
archeological and protected areas, the areas protected under Boğaziçi law, bio-genetic reserve areas, 
biosphere reserves, specially protected environment areas, specially protected areas, protected areas 
concerning drinking and use water, tourism areas and centers, and other protected spaces their distances 
of these to the LSA were considered for the baseline evaluation. For biodiversity, consideration was given 
to see if potential impacts to biodiversity might exist, in addition to those considered separately under the 
ecological disciplines of flora, fauna and aquatic ecology.  


Baseline Results  


There are no protected areas within the LSA. Aliağa bird stopover/watching area is approximately 7 kms 
northeast of the project area. 


Nine wetland areas have been determined in the borders of İzmir Province, which fall within the scope of 
Wetland Area Protection Regulations. These are İzmir Bird Sanctuary (inside Gediz delta), Sazlı Lake (1), 
Sazlı Lake (2), Kara Lake, İkiz Lake, Oğlananası Lake, Geberik Lake, Belevi Lake, and Barutçu Lake. Four 
of these sites have international importance. The air distance between closest protected area-Gediz Delta 
Ramsar Region and the LSA is about 19 km. Gediz Delta Protection Status is exhibited in Figure D.5.3-1 . 


In İzmir Province, which includes the LSA as well, Gebekirse Lake Wildlife Protection Area (at a distance of 
95 km), Bayındır-Ovacık Arpadağ Forests Wildlife Protection Area (at a distance of 90 km) and Karaada 
(Esek Adası) Wildlife Protection Area (at a distance of 62 km) are located.  


The “Foça Specially Protected Environment Area”, determined by the Cabinet and declared in the scope of 
“Specially Protected Environment Areas”, is also located at air distance of 16 km from the LSA.  


The antique Kyme city is also located 7-10 km south to the Project site and the impact analysis regarding 
this historical site will be discussed further in Section E.4. 
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Figure D.5.3-1  Gediz Delta Protection Status 


D.5.4 Impact Assessment 


Issue Scoping 


Potential issues associated with biodiversity and protected areas have been determined as following: 


• The Project could directly or indirectly impact the biodiversity and protected areas.  
• Protected areas could be positively or negatively affected by population changes that influence 


regional land use, including visitation rates to protected areas. 
• Protected areas could be negatively affected by changes to air quality. 
• Biodiversity could be potentially affected at the landscape level through habitat fragmentation. 


Based on these issues, the key question for biodiversity and protected ares has been defined as: 


• What effects will the Project have on biodiversity and protected areas? 


 


Key Question: What effects will the Project have on biodiversity and protected areas? 


Gediz Delta Protection Status 


•  Settlements 
       River 


-------  Salt Marsh  


j   Swamp 
.......  Natural Protected 


Area  Priority I 
-----   Natural Protected 


Area Priority II 
.......  Ramsar Region 
-----   Wildlife Protected   


Area 
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Linkage Evaluation 


For biodiversity, potential impacts to flora, fauna and aquatic ecology have been assessed individually as of 
negligible or low environmental consequence. The location of the Project in an industrial are means that no 
additional biodiversity impacts are predicted based on fragmentation of natural habitats at the landscape 
level. Potential linkage for impacts to biodiversity is therefore considered invalid and further impact 
assessment is not required.  


Even protected areas at some distance, perhaps up to 50 km or more, could be positively impacted in 
terms of public visitation rates, especially during construction, should some staff decide to use some of 
their leisure time in this way. However, no data exist to warrant further assessment of this potential positive 
effect. 


The potential impacts of the Project on the Aliağa Bird Watching Area are presented in the Section:Error! 
Reference source not found. Air Quality.  


Mitigation and monitoring will not be required for potential Project impacts on protected areas. 
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D.6 Marine Habitats and Biodiversity  


D.6.1 Introduction 


This section presents the baseline results and impact assessment of the Project on marine habitats and 
biodiversity, which could be potentially impacted both by the direct effects of the wharf’s extension and also 
by the sea bottom dredge activities during construction operations, as described for marine flora and fauna 
component. 


D.6.2 Study Area 


The study area investigated for marine habitats and biodiversity is the same LSA described as for marine 
flora and fauna in Section D.5.2. 


D.6.3 Baseline Summary 


Methods 


Based on available data from previous side scan sonar surveys (Source: TRSIM Mühendislik Danışmanlık 
Eğitim Yazılım Sanayi ve Ticaret Limited Şirketi  Izmir Province Nemrut Gulf Oceanographic, Geophysical, 
Geophysical and Geological Evaluations Report), the LSA sea floor seems to be mainly characterized by 
the presence of soft substrata with a few isolated hot spots of hard substrata. 


As previously described, with the intent to determine the marine habitat and biodiversity extending over the 
LSA and its surrounding, a field survey was conducted from 16th to 20th January 2012, which focused, 
among others, on the visual inspections of seafloor features and marine biocenosis colonising the bottom. 


Baseline Results 


The main outcome of the field marine surveys observations is in following sections of the report. 


Marine Habitats 


Field survey observations are reported in the following. In particular below table lists biocenosis detected 
both on hard floor and on soft floor, whilst Figure D.6-1 displays the map of biocenosis derived after data 
collection. 


Table D.6.3-1: Biocenosis observed based on field survey 


Hard bottom habitats 
Peres and Picard 
reference [*] 


Description 


HP thin N.30 Sparse Posidonia oceanica meadows 


HP_DM N.30 + N.31 Mosaic of Posidonia oceanica and dead mattes  


RCEO N.20 Biocenosis of encrusting calcareous Rodoficee (RCEO) and sea urchin 


FD - Presence of surface hard floor 


HP_RCEO_AS N.30 + N.20 Mosaic of Posidonia oceanica meadow, RCEO and sciaphilous algae  


Soft bottom habitats 
Peres and Picard 
reference [*] 


Description 


Harbour muddy bottom - Soft bottom in harbour area 
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Hard bottom habitats 
Peres and Picard 
reference [*] 


Description 


SFBC N. 45 Biocenosis of well sorted fine sands 


SFS  N. 43 Biocenosis of fine sands in shallow waters 


SGCF N. 54 Biocenosis of coarse sands and fine gravels under bottom currents 


VTC N. 62 Biocenosis of coastal terrigenous muds 


Eco_SFBC_VTC N. 45 + N.62 Ecotone between SFBC and VTC 


SFBC_MM N.45 + N.31 Well sorted fine sands and dead mattes  


DM N.31 Dead mattes of Posidonia oceanica 


[*] The biocenosis observed have been compared to those identified by Peres e Picard (1964) and described also in 
Meinesz A. et al. (1983). 
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Figure D.6.3-1 Elaboration of Field Surveys Data: Biocenosis in the LSA 
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The habitat types extensions within the LSA are reported as percentage in Table D.6-2 below. 


Table D.6.3-2: Habitat Type Areas within the LSA 


Habitat Percentage in the LSA 


Sparse Posidonia oceanica meadows 0. 3 % 


Mosaic of Posidonia oceanica and dead matte  2.5 % 


Biocenosis of encrusting calcareous Rodoficee (RCEO) and sea urchin < 0.1 % 


Presence of surface hard floor 0.3 % 


Mosaic of Posidonia oceanica meadow, RCEO and sciaphilous algae  0.4 % 


Biocenosis of well sorted fine sands 7.5 % 


Biocenosis of fine sands in shallow waters 3.1 % 


Biocenosis of coarse sands and fine gravels under bottom currents 0.1 % 


Biocenosis of coastal terrigenous muds 65. 2 % 


Ecotone between SFBC and VTC 7.3 % 


Well sorted fine sands plus dead mattes  2.8 % 


Soft bottom in harbour area 5.3 % 


Dead mattes  5. 2 % 


TOTAL 100% 


 


Figure D.6.3-2 Biocenosis of coastal terrigenous muds on the left and dead mattes on the right 
(extracted from the video made on the study area during the survey) 


As aforementioned, the floor is mainly characterized by soft materials (i.e. sands, muds) which lead to 
specific habitats. Biocenosis of coastal terrigenous muds (VTC) covers 65.2 % of the LSA, whereas an 
ecotone demarcates the line in progressing toward a sediment usually of homogeneous granulometry 
and terrigenous origin (SFBC), which represent 7.5 % of LSA. This biocenosis begins at around 2-2.5 
metres, reaches a depth of 25 m and occupies vast areas along the coast from the south limit of the 
harbor bay to the northern section of LSA. Indicator species of SFBC are Polychaete annelids 


(Sigalion mathildae, Onuphis eremita, Exogone hebes, Diopatra neapolitana), Bivalve mollusks 


(Tellina fabula, T. nitida, T. pulchella, Donax venustus), Gastropod mollusks (Acteon tornatilis, 


Nassarius mutabilis), Decapod crustaceans (Macropipus barbatus), amphipod Crustaceans 


(Ampelisca brevicornis, Hippomedon massiliensis, Pariambus typicus), isopod Crustacean (Idothea 







 
STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT –
Final 


 


11513150061- ESIA- Final 367  
 


linearis), Echinoderms (Astropecten spp., Echinocardium cordatum), fishes (Gobius microps, 


Callionymus belenus). 


The area overlooking the existing harbour is described as a typical port area with soft bottom (5.3 %), 
progressing then into SFBC biocenosis (7.5 %) and biocenosis of fine sands in shallow waters (SFS – 
3.1 %). Among SFBC biocenosis and the litoral biocenosis of fine sands in shallow waters (SFS), 
various confined biocenosis have been detected which have a strong ecological value.  


P. oceanica has been detected in the northern sector of the LSA on hard beds, whilst a broad area in 
the LSA southern sector presents dead “mattes”. Rare spots of P. oceanica and dead mattes have 
been then detected as sparse bunches not mapped. In the northern sector plants of posidonia are 
present in three different formations: i) in patches within dead mattes (about 40,000 m2 considering 
one third of the sea bottom colonized by posidonia and two third by dead mattes); ii) as sparse P. 
oceanica (about 17,000 m2); iii) along with algae on hard substrata (about 5,000 m2 considering one 
quarter of the hard bottom colonized by posidonia). In all formation, the rhizomes density is very low 
and length of leafs is limited. 


Posidonia meadows were present in several areas of the Nemrut bay in the past, as demonstrated by 
the presence of dead mattes. During the last decades, several factors have reduced the extension of 
the meadows, limiting the area colonized by posidonia to the small portion in the northern sector of the 
LSA. It should be noted that the reduction of natural habitats of P. oceanica has been observed in 
several stretches of coast of the Mediterranean Sea, particularly due to various construction works, 
pollution, drag netting and anchoring.   


In addition, in a small portion of the north boundary of the LSA the presence of hard substrata 
colonized by several invertebrate species, including sponges of the Axinella genus, was observed. 
This portion of rocky area represents, with the few above described zones colonized by the remaining 
P. oceanica, the main areas of high biodiversity value of the LSA. 


According to SAP/BIO Protocol (Barcelona Convention) (1999) and EU Habitat Directive 92/43, 
Posidonia oceanica meadows are considered as priority habitats, whereas other international 
conventions (e.g. Berna Convention, 1979) and Aysel et al. (1994) include P. oceanica respectively 
within the protected species list and within the list of threatened species in Turkey. Even if 
International Union for the Conservation of Nature (IUCN) Red List of Threatened Species does not 
recognize it as a critically endangered or endangered species, the above information leads to 
acknowledge posidonia meadows as a critical habitat according to IFC 2012 definitions (PS 6). As a 
matter of fact they are areas with high biodiversity value and unique ecosystems in line with principles 
and determination of both national and international convention and legislations. 


Concerning dead mattes, these has been mapped mainly in two separated areas, one about 200 m 
north of the existing harbour jetty (in association with living P. oceanica), the other along the southern 
LSA shoreline, representing about 10.5 % of the investigated LSA. 


Finally, the area overlooking the existing harbour is described as a typical port area with soft bottom 
(5.3 %), progressing then into SFBC biocenosis (7.5 %) and biocenosis of fine sands in shallow 
waters (SFS – 3.1 %). 


Marine biodiversity 


According to the definition of the Convention on Biological Diversity, biodiversity is the variability 
among living organisms from all sources, including the ecological complexes of which they are part; 
this includes diversity within species, between species and of ecosystems.  


The biodiversity issue is tackled in this section by collecting and organising the inputs from the other 
disciplines (i.e. marine flora, marine fauna, marine habitats and fishery).  
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However, it is recognized that the LSA is already interested by several human activities and on the 
basis of the field surveys information, the observed marine flora and fauna species and the identified 
habitat are not regarded with an high biodiversity level. 


In any case two aspects must be considered facing with biodiversity of the LSA. 


• The presence of P oceanica, which represents an area of high biodiversity Value.  The field 
survey highlighted P. oceanica has been detected in the northern sector of the LSA, mainly on 
hard beds, whilst a broad area in the LSA southern sector presents dead mattes biocenosis. 
The meadows of Posidonia oceanica are of great importance for the marine ecosystem, not 
only in view of producing oxygen and organic substances (approx. 20 tons/ha/year), but also 
as a biotone for a huge number of marine organisms dependent on such meadows in terms of 
e.g. their diet, habitat, shelter. Posidonia meadows are, at the same time, a very important 
factor in the diminishing of erosion. With their undulation they slow down the wave motion by a 
great deal and thus the impact of the sea exerted on the shore. 


In spite of all the above positive characteristics, a reduction of natural habitats of this plant has 
been observed in the Mediterranean, particularly due to various construction works, pollution, 
drag netting, anchoring.  Posidonia meadows were present in several areas of the Nemrut bay 
in the past, as demonstrated by the presence of dead mattes. During the last decades, several 
factors have reduced the extension of the meadows, limiting the area colonized by posidonia 
to the small portion in the northern sector of the LSA. 


• Again in the northern portion of the area the presence of hard substrata colonized by 
posidonia and also by algae and several invertebrates species (e.g. the green algae Codium 
bursa; sponge like Oscarella sp and Axinella sp.) must be reported. This portion of rocky area, 
strongly indented, represents, with the small posidonia meadow, the main hot spot of 
biodiversity of the LSA.  


D.6.4 Impact Assessment 


Issue Scoping 


Potential issues associated with marine habitats and biodiversity have been determined based on a 
professional review of the potential effects of jetty development on the specific conditions present in 
the Project area. 


These issues are: 


• Construction of the Project will involve filling of sea areas for the planned activities. Filling 
will result in an impact to some habitats and species, consequently to biodiversity, in the short 
to medium term; 


• The Project could directly or indirectly impact marine species and marine biocenosis, but 
given the species present in the LSA, the Project could affect in particular the critical habitat of 
Posidonia oceanica, as defined by reference into the terms of Performance Standard 6 (PS06) 
(IFC) and the species colonising the hard substrata in the northern section of the LSA; 


• It is believed that the potential introduction of invasive weedy species could be an issue for 
further assessment, given the opportunistic features of several invasive species (e.g. 
colonization of new hard substrata; occupation of dead mattes of P. oceanica; transport of new 
invasive species through ships); 


• the Phase 1 and the first scenario of Phase 2 of the Project could directly or indirectly impact 
marine species and marine biocenosis, but given the species present in the LSA, the Project 
could affect in particular the critical habitat of P. oceanica, as defined by reference into the 
terms of Performance Standard 6 (PS06) (IFC 2012) and the species colonising the hard 
substrata in the northern section of the LSA 
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• the second scenario of  Phase 2 of the project will directly impact marine biocenosis of P. 


oceanica located in the northern sector of LSA due to the construction of the new 
infrastructures (jetty 4 and pertinent wharf portion). 


Based on these issues, the key questions for marine habitats and biodiversity have been defined as: 


• What effects will the Project (Phase 1 and Phase 2) have on existing marine habitats?  


• Will the Project (Phase 1 and Phase 2) have any potential impact on marine biodiversity? 


 


Key Question Marine Habitats and Biodiversity-1: What effects will the Project have on existing marine 
habitats? 


Linkage Evaluation 


The site visit aimed at mapping the marine habitats. Given the presence of a number of habitats, this 
linkage is valid and is therefore assessed further below. 


Impact Analysis Methods 


Direct and indirect impacts of the Project on marine habitats, from construction and operations 
phases, were assessed through a qualitative assessment of the LSA, considering mainly the data 
collected during the site survey. The qualitative assessment of the impact in the LSA analysed 
separately the construction of the first two jetties (phase 1) and the construction of 1 or 2 additional 
jetties in the northern section of the area (phase 2). Two different alternatives had been considered. 
The first scenario consider the construction of only 3 jetties, while in second scenario a fourth jetty is 
added in the northern part of the LSA. 


Impact Assessment Criteria 


The criteria for rating impacts are described in above section. 


Impact Assessment Results 


Impacts have been evaluated considering the percentage of habitats covered by the project elements 
and the Project interference within the marine biocenosis, as shown in Figure D.6-4 for both Phase 1 
(red line) and Phase 2 first scenario (green line) and second scenario (blue line). 


General consideration regarding construction techniques and sediment accumulation impacts are the 
same as expressed in the provided in Marine Flora Fauna section. 


Phase 1: building of the jetty 1 and jetty 2  


Direct impacts will occur on SFBC, SFBC-DM, Ecotone SFBC-VTC, VTC, SFS and FD habitats that  
will be involved by construction operation. 


In the following table, the extension of each of these habitats directly impacted by the buildings is 
reported.  
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Table D.6.4-1: Habitat Extension Directly Impacted by the Project (Phase 1) within the 
LSA 


Habitat 


Percentage 


compared to the 


total extension 


of the habitat 


within the LSA 


(%) 


Habitats square 


meters directly 


impacted (m2) 


Sparse Posidonia oceanica meadows - - 


Mosaic of Posidonia oceanica and dead mattes  - - 


Biocenosis of encrusting calcareous Rodoficee 
(RCEO) and sea urchin 


- - 


Presence of surface hard floor 14.20 1737 


Mosaic of Posidonia oceanica meadow, RCEO 
and sciaphilous algae  


- - 


Soft bottom in harbour area 
- 


- 


Biocenosis of well sorted fine sands 8.56 31373 


Biocenosis of fine sands in shallow waters 10.12 15280 


Biocenosis of coarse sands and fine gravels under 
bottom currents 


- - 


Biocenosis of coastal terrigenous muds 0.72 23081 


Ecotone between SFBC and VTC 10.17 36207 


Well sorted fine sands and dead mattes  56.64 76904 


Dead mattes of Posidonia oceanica - - 
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Figure D.6.4-1 Biocenosis in the LSA and Project Boundaries 
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The eight habitats directly impacted are not considered priority habitats or Critical Habitat (according to IFC 
2012 definition), are wide spread around the Mediterranean coast and do not present particularly sensitive 
features and species. The direct impact can be considered negligible.  


Besides, the expansion of the existing jetting system could potentially modify sediment loss and/or 
sedimentation dynamics and could alter the hydrodynamics. Therefore existing habitats could be indirectly 
disturbed through initial activities of jetties building: production of sediment plumes, coastal currents 
modifications, vibration and noise disturbance by machinery operation could be considered as impact 
factors. 


Moreover any accidental spilling or chemicals leaking from the Project could potentially interfere with marine 
habitats. However, mitigations for this potential impact result in negligible or low predicted environmental 
consequences on the described marine habitats in the LSA, already impacted by anthropogenic factors since 
the area has been an industrial zone and harbour facility for many years. 


Among the habitats identified, P. oceanica meadows is regarded as a priority habitat (EUR 27:1120) 
according to the SPA/BIO Protocol (Barcelona Convention). Posidonia is assessed as “Least Concern” 
species following the IUCN Red List. This habitat is considered the most important ecosystem in the 
Mediterranean Sea in terms of its extent and role, for both ecological and economical reasons. The meadow 
grows vertically by about one centimetre per year, trapping sediments among the orthotropic rhizomes. In the 
intermattes it is possible to find stages in succession of the associations both with Cymodocea and Caulerpa 


prolifera. The animal population of the Posidonia meadows includes organism that can be found both on 
leaves and on rhizomes. These organisms may be grouped into five categories, sessile (Monotheca oblique, 
Electra posidoniae), micro and meio fauna (Tisbe furcata, Ampithoe ramondi), vagile on leaves (Eleutheria 


dichotoma, Idotea hectica), benthonectonic species on leaves (Atylus guttatus, Apherusa misidacei) and 
benthonectonic animals under the leaf canopy (Serranus spp, Coris spp.).  


As mentioned above, no direct impact will occur on P. oceanica, but indirect impacts could occur and should 
be monitored. 


The greatest threat for P. oceanica comes from the pollution of the surface water and the disposal of liquids 
containing hydrocarbons, surfactants and nutrients, which have a harmful effect on the population. The risk 
of massive discharge of hydrocarbons could be evaluated, but it is considered as not occurring during the 
construction and operational phases of the Project. The presence of posidonia should be take into account 
within the Oil Spill Emergency Response Plan (See section A.2). 


Addition and sedimentation of fine particles caused by jetties construction also represents a potential threat 
to be considered during the construction phase. Sediment plumes could smother the habitats in the 
immediate and outer fringes. On the basis of data from the model sediment SW wind and waves could cause 
a limited accumulation of sediment. Therefore an accumulation of sediment could impact posidonia and hard 
bottom communities located in the northern section of the study area. In addition, mechanical damage to the 
meadow could occur during the maritime operations mainly due to anchoring and mooring.  


Phase 2: construction of jetty 3 and jetty 4 in the northern section of the area  


In addition to the impacts deriving from Phase 1, during Phase 2 direct and indirect impacts will occur on the 
P. oceanica mosaic with dead mattes and on the sparse P. oceanica rhizomes (Sparse HP).  This could 
therefore have an impact on flora and fauna species associated and therefore on biodiversity. For the 
calculation of habitat extension directly impacted by the project, two different alternatives had been 
considered. The first scenario consider the construction of only 3 jetties, while in second scenario a 4th jetty 
is added in the northern part of the LSA.   


Since posidonia meadow is a nursery grounds for the juveniles of commercially fishes, theoretically, the new 
jetty facility could potentially have an impact on local fishing activity. However, fishing is currently banned in 
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the Nemrut bay due to the presence of industrial facilities along the coast, therefore the jetty construction will 
not affect the fishing activities directly and will not reduce the fishing area. It is important to note that this 
impact is predicted to have effects locally and that other larger posidonia meadows are present in the 
Sandarli gulf, thus providing an important marine habitat for the fish population. Moreover, as already 
described for phase 1 of the Project, the introduction of deep rocks used in for the jetty construction could 
lead to the origin of new marine habitats, consequently increasing the catch of species.  


First scenario: construction of the 3rd jetty  


In the following table the extension of each of these habitats directly impacted by the phase 2 (first scenario) 
buildings is reported.   
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Table D.6.4-2: Habitat extension directly impacted by the project (phase 2, first scenario) within the 
LSA 


 Phase 2 (first scenario) 
Sum of phase 1 and phase 2 (first 


scenario) 


Habitat 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats 


square 


meters 


directly 


impacted (m2) 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats 


square 


meters 


directly 


impacted (m2) 


Sparse Posidonia oceanica 
meadows 


- - - - 


Mosaic of Posidonia oceanica and 
dead mattes 0.07 85 0.07 85 


Biocenosis of encrusting 
calcareous Rodoficee (RCEO) 
and sea urchin 


- - - - 


Presence of surface hard floor 34.83 4259 49.03 5996 


Mosaic of Posidonia oceanica 


meadow, RCEO and sciaphilous 
algae 


- - - - 


Soft bottom in harbour area - - - - 


Biocenosis of well sorted fine 
sands 4.56 16740 13.12 48113 


Biocenosis of fine sands in 
shallow waters - - 10.12 15280 


Biocenosis of coarse sands and 
fine gravels under bottom currents - - 100.00 6827 


Biocenosis of coastal terrigenous 
muds 0.17 5249 0.89 28330 


Ecotone between SFBC and VTC 3.99 14198 14.16 50405 


Well sorted fine sands and dead 
mattes - - 56.64 76904 


Dead mattes of Posidonia 


oceanica - - - - 
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Only 0,07% of the biocenosis P. oceanica and dead matte mosaic meadow will be directly affected by the 
first scenario of phase 2. While “Mosaic of P. oceanica meadow and “Sparse P.oceanica meadows” will not 
be directly affected by the Project.  


Second Scenario: construction of the 3rd and the 4th jetties 


In the following table, the extension of each of these habitats directly impacted by the phase 2 (second 
scenario) buildings is reported.  


Table D.6.4-3:  Habitat extension directly impacted by the project (phase 2, second scenario) within 
the LSA 


 Phase 2  (second scenario) Sum of phase 1 and phase 2  (first 
and second scenario) 


Habitat 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats 


square 


meters 


directly 


impacted 


(m2) 


Percentage 


compared to the 


total extension of 


the habitat within 


the LSA (%) 


Habitats 


square 


meters 


directly 


impacted 


(m2) 


Sparse Posidonia oceanica 
meadows 


64.27 11138 64.27 11138 


Mosaic of Posidonia oceanica 


and dead mattes  51.3 61801 51.37 61886 


Biocenosis of encrusting 
calcareous Rodoficee (RCEO) 
and sea urchin 


99.99 615 99.99 615 


Presence of surface hard floor 37.98 4644 87.01 10640 


Mosaic of Posidonia oceanica 


meadow, RCEO and sciaphilous 
algae  


- - - - 


Soft bottom in harbour area - - - - 


Biocenosis of well sorted fine 
sands 3.22 11810 16.34 59923 


Biocenosis of fine sands in 
shallow waters 15.56 23505 25.68 38785 


Biocenosis of coarse sands and 
fine gravels under bottom 
currents 


- - 100.00 6827 
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Biocenosis of coastal 
terrigenous muds 1.52 48574 2.41 76904 


Ecotone between SFBC and 
VTC 0.75 2682 14.91 53087 


Well sorted fine sands and dead 
mattes  


- - 56.64 76904 


Dead mattes of Posidonia 


oceanica - - - - 
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About 64% of “Sparse P. oceanica meadows” and 51% of “P. oceanica and dead matte mosaic meadow” 
are directly impacted by the Project Phase 2, second scenario.  


In general, upon the construction completion, the residual individuals of P. oceanica located close to the 
coastal platform and not directly covered by the new infrastructures could still be impacted due to the port 
activities. It is therefore unlikely that residual plants, in particular those close to the new infrastructures, 
will survive following the threats potentially occurring (i.e. disruption of the sedimentation/erosion balance, 
erosion by boat-trawling and boat anchoring). Rhizomes located on hard substrata in the LSA northern 
sector could survive if mitigation measures suggested below will be applied.  


In addition, the hard substrata colonized by sponge and sciaphilous algae represents another hot spot of 
biodiversity. This ecotype is located in the northern part of the LSA close to the wharf north limit and 
about 400 m from the jetty 4. These habitats are particularly sensitive to the increase of sedimentation 
and could be impacted indirectly. 
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Mitigation 


Mitigation information is provided in Marine Flora Fauna Section.  


Residual Impacts 


Residual impacts are assessed for Phase 1 and for Phase 2 of the project. 


Phase 1 


Overall impacts due to the Project activities (Phase 1) for marine habitats are predicted to be of low 
magnitude, have a local geographic extent (LSA), medium term duration, and a high frequency. 


Table D.6.4-4: Residual Impact Classification for Marine Habitats and Biodiversity 


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Habitats and Biodiversity-1: What effects will the Project (Phase 1) have on existing marine 
habitats? 


Negative Low Local  
Medium 
tem Yes High Low 


Phase 2 


First scenario 


During this phase very limited direct impact will occur on P. oceanica, while no direct impact will occur on or 
on hard bottom communities. Potential indirect impacts due to inadvertent mechanical disturbance, 
sediment accumulation and pollution could be more important because added to those of phase 1. 
However, they will be mitigated and monitored as expressed in the previous paragraph. 


The direct and indirect impacts on P. oceanica will be mitigated and compensate with the new habitats 
created by the artificial structures. Overall, environmental consequences on habitats for the first scenario 
phase 2 are expected to be low if mitigation measures are effectives. 


Table D.6.4-5:  Residual impact classification for marine habitats and biodiversity  


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Habitats and Biodiversity-1: What effects will the Project (Phase 2, first scenario) have on existing 
marine habitats? 


Negative Moderate  Local  
Medium 
tem Yes partially High Low 


 


Second Scenario 


Direct and impacts will occur on the P. oceanica mosaic with dead mattes and on the sparse P. oceanica 
rhizomes (Sparse HP). Hard bottom communities will also be impacted. Indirect impacts will affect plants 
and hard bottom communities located up to the coastal platform and not directly covered by the new 
infrastructures particular these close to the new infrastructures. However, some of the rhizomes and the 
benthos communities associates to hard substrata could survive if mitigation measures suggested will be 
applied. Scientific literature shows that relatively healthy P. oceanica meadows can thrive also in highly 
developed areas. In some areas, there is evidence of recolonization by P. oceanica after the human impact 
ceased or was reduced, but the process of recolonization is extremely slow, i.e. a few centimetres per year 
(Pergent-Martini et al. 1999).  


Impacts on posidonia located directly under the northern part of the wharf and under the jetty 4 (i.e. around 
the new infrastructures planned within a 10 meters buffer area) could not be likely avoided. Therefore, for 
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this scenario, an action of transplantation is required for those individuals directly impacted by the 
infrastructure. Posidonia re-planting will be carried out using tested methods, set during 40 years of studies 
and experiences carried out in the Mediterranean Sea (Gravez and Boudouresque, 2003).  


The direct and indirect impacts on P. oceanica will be mitigated; moreover impacts will be compensated 
with the new habitats created by jetties, wharfs and special artificial structures and with the re-planting of 
posidonia (if carried out with success). Overall, environmental consequences on biodiversity for the second 
scenario of phase 2 should be high, but can be reduced up to medium in case the posidonia re-planting is 
carried out successfully.  


 
Table D.6.4-6: Residual impact classification for marine habitats and biodiversity  


Direction Magnitude 
Geographic 
Extent Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Habitats and Biodiversity-1: What effects will the Project (Phase 2, second scenario) have on 
existing marine habitats? 


Negative 
Moderate - 
high Local  


Medium 
tem Yes partially High Medium 


 


 


Monitoring 


Monitoring information is provided in Marine Flora Fauna Section. 


Key Question Marine Habitat and Biodiversity-2: Will the Project (Phase 1 and Phase 2) have any 
potential impact on marine biodiversity? 


Linkage Evaluation 


Even though the Project site is disturbed by the existing anthropic activities, project construction and 
operational activities will occur in a small part of the LSA, which presents some hot spots of 
biodiversity. Given the above, this linkage is valid and is therefore further assessed below. 


Linkage Evaluation 


Even though the Project site is disturbed by the existing anthropic activities, project construction and 
operational activities will occur in a small part of the LSA, which presents some hot spots of 
biodiversity. Given the above, this linkage is valid and is therefore further assessed below. 


Impact Analysis Methods 


Direct and indirect impacts of the Project on marine biodiversity from construction and operation 
phases were assessed through a qualitative assessment of the LSA, considering the data collected 
during the site survey. The qualitative assessment of the impact in the LSA analysed separately the 
construction of the first two jetties (phase 1) and the construction of 1 or 2 additional jetties in the northern 
section of the area (phase 2). Two different alternatives had been considered. The first scenario consider 
the construction of only 3 jetties, while in second scenario a fourth jetty is added in the northern part of the 
LSA. 


Impact Assessment Criteria 


The criteria for rating impacts are described in above Section. 
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Impact Assessment Results 


Biodiversity provides a general “insurance policy” that minimizes the chance of large ecosystem 
changes in response to global environmental change. The larger the number of functionally similar 
species in a community, the greater is the probability that at least some of these species will survive 
stochastic or directional changes in the environment and maintain the current properties of the 
ecosystem. 


Based on the field survey results, it has to be highlighted that the species biodiversity is relatively low, 
even if a small P.oceanica meadow and a small zone with hot spots of biodiversity on hard substrata 
are present. 


Phase 1 


A potential negative indirect impact on biodiversity could be assessed due to the potential 
interferences of the project with the two identified priority habitats (posidonia meadow and northern 
hard substrata). Moreover, the increasing risk of introducing invasive species could affect the 
biodiversity of the area. 


On the other hand, a potential positive impact on biodiversity could affect the area thanks to the new 
available spaces (hard substrata). In particular the new submerged elements could  create new 
ecological niches to be mainly colonized by sciophilous species and juveniles. This fact could 
subsequently increase the biodiversity of the LSA. 


Phase 2 


Even if the biodiversity in the LSA has been discussed above as relatively low, the presence of 
posidonia increases the number of species and the ecological variability within the study area (algae, 
invertebrates, benthic organisms and juvenile fishes). 


The LSA biodiversity value could be affected especially by the construction of the wharf and of jetty 4 
as per Phase 2, second scenario which will impact directly and indirectly the posidonia meadows 
extended in the LSA northern sector.  


Phase 2 second scenario of of the project (jetty 4 and pertinent wharf) will reduce the posidonia 
extension and this could therefore have an impact on flora and fauna species associated and 
therefore on biodiversity.  


In addition the hard substrata colonized by encrusting calcareous Rodoficee (RCEO), sciaphilus algae 
and P.oceanica represents another hot spot of biodiversity within the LSA. Nevertheless these 
neighboring areas are not directly impacted by the infrastructures, but they could be impacted 
indirectly, mainly due to increase of sedimentation especially second scenario . As underlined above 
special attention should be paid and mitigation measures should be applied. 


As already described for Phase 1 of the Project, also for Phase 2, biodiversity can also have a positive 
impact, thanks to the new spaces and habitats offered by the new infrastructures. 


Mitigation 


Mitigation information is provided in Marine Flora Fauna Section. 


Residual Impacts 


Residual impacts are assessed for Phase 1 and for Phase 2 of the project. 
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Phase 1 


Overall impacts due to the Project activities (Phase 1) for marine habitats are predicted to be oflow 
magnitude, have a local geographic extent (LSA), medium term duration, and a high frequency. 


Table D.6.4-7: Residual impact classification for marine habitats and biodiversity (Phase 1) 


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Marine Habitat and Biodiversity-2: Will the Project (Phase 1) have any potential impact on marine 
biodiversity? 


Negative low Local  
Medium 
term Yes High Low 


 


Phase 2 


First scenario 


Overall impacts due to the Project activities (Phase 2, first scenario) for marine biodiversity are 
predicted to be of moderate magnitude, have a local geographic extent (LSA), medium term duration, 
and a high frequency. Concerning the reversibility this is only partial. Environmental consequencesare 
low considering mitigation measures.  


Table D.6.4-8: Residual impact classification for marine habitats and biodiversity (phase 2, first 
scenario) 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental 
Consequence  


Key Question Marine Habitat and Biodiversity-2: Will the Project (Phase 2) have any potential impact on marine biodiversity? 


Negative Moderate  Local  Medium term Yes partially High Low 


 


Second scenario 


Overall impacts due to the Project activities (Phase 2, second scenario) for marine biodiversity are 
predicted to be of high magnitude without mitigation and compensantion measures, have a local 
geographic extent (LSA), medium term duration, and a high frequency. Considering mitigation and 
compensation measures (e.g. new artificial habitats, posidonia re-planting, public awareness actions, 
marine mammals and turtles monitoring), the magnitude can be reduced to medium. Concerning the 
reversibility this is only partial and linked to the success of the posidonia re-planting. Environmental 
consequences should be low especially in case the posidonia re-planting is carried out successfully 
and other mitigation and compensation measures are applayed succesfully. The re-planting operation 
is necessary to compensate the overlap of the jetty 4 with the area colonised by posidonia. 


 
Table D.6.4-9: Residual impact classification for marine habitats and biodiversity (phase 2) 


Direction Magnitude Geographic 
Extent 


Duration Reversibility Frequency Environmental 
Consequence  


Key Question Marine Habitat and Biodiversity-2: Will the Project (Phase 2) have any potential impact on marine 
biodiversity? 
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Negative Moderate  Local  Medium term Yes partially High Low 
 


Monitoring 


Monitoring information is provided in Marine Flora Fauna Section. 


Conclusions 


The Project area has partially lost its natural structure because of the long years of anthropic activities, 
but, in particular cosmopolitan species could inhabit in this ecosystem. Thus, the effects stemming 
from the Project are thought not to pose big concerns for the habitats and biodiversity status: on the 
basis of the field surveys information collected, the observed marine flora and fauna species and the 
identified habitats are not regarded with a high biodiversity level. 


Nevertheless posidonia and hard substrata colonized by algae and several invertebrates species in 
the north sector of the LSA are regarded as key biodiveristy area. The findings of this ESIA have 
provided information on the nature and extent of environmental impacts arising from the Project 
(Phase 1 and Phase 2). 


Phase 1 of the Project has no direct impact on the listed sensitive habitats and associated key 
biodiversity area a low environmental consequence has been identified.  


In any case some attentions should be paid in particular to the safeguard of P. oceanica meadow and 
to the hard substrata, both located in the northern sector of the LSA. 


Monitoring with respect to the sedimentation regime and the posidonia meadow status 
(lepidochronology, phenology; balisage) and precaution in avoiding mechanical damage to the 
community inhabiting the hard substrata are suggested during construction and operational phases, 
taking remedial action when necessary. 


In particular regarding the sediment dispersion, on the basis of data from the model (see relevant 
chapter on physical marine seafloor) two prevailing wind and waves directions SW and NE 
characterize the area. While NE direction simulation does not determine sediment transportations, the 
SW direction simulation may cause limited sediment transportation. This SW wind and waves could 
cause an accumulation of sediment on posidonia and hard bottom communities located in the northern 
section of the study area. Protection of this area from sediment accumulation should be made. 


Regarding Phase 2, in addition to the low impact already identified and discussed for the Phase 1, 
additional impacts should be considered.  


The posidonia habitats will be directly impacted by the northern part of the Phase 2 infrastructures 
construction  (in particular jetty 4 and relevant wharf – second scenario) with a reduction in their 
extension. This will also lead to a subsequent impact on flora and fauna species inhabiting posidonia-
related sea bottoms. 


Hard substrata colonized by algae and several invertebrates species could be indirectly impacted by a 
sediment increase due to the building activities of Phase 2 of the Project (especially the building of jetty 4  - 
second scenario). 


By applying mitigation measures during the construction (e.g. limiting the sediment dispersion, avoiding 
anchorage on posidonia, etc) and by carrying out re-plantation of posidonia rhizomes directly impacted by 
the building, the environment consequence could be strongly reduced on marine habitats and biodiversity. 
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By applaying the compensation measures proposed and developed in the Biodiversity action Plan and 
carrying out successfully the posidonia transplantation the total environmental consequences on 
biodiversity are expected to be close to zero.  
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D.7 Marine and Coastal Protected Areas 


D.7.1 Introduction 


This section considers the baseline results and impact assessment for any potential impact of the 
Project on marine and coastal protected areas around the Project area. 


D.7.2 Study Area 


The presence of protected areas was assessed within a study area  extending up to approximately 20 
km in the Izmir Province. 


D.7.3 Baseline Summary 


Methods 


With respect to marine and coastal protected areas, the baseline evaluation considered natural parks, 
wetland areas, natural monuments, natural reserve areas, wildlife conservation areas, specially 
protected environment areas, and their distances from the LSA. 


Baseline Results  


Turkey’s marine biodiversity has been seriously impacted by anthropogenic pressures. The following 
are amongst the key types of threats and associated causes of marine biodiversity loss: degradation 
of marine habitats and ecosystems, overharvesting of marine resources and destruction of coastal 
habitats. Protected areas have a potentially significant, yet largely unrealized, role to play in 
eliminating these threats to marine area biodiversity in Turkey. Currently, about 2.8% of Turkey’s 
territorial water is protected (UNDP). 


Turkey’s national protected area system includes a number of marine and coastal protected areas 
(MCPAs). In most cases, these combine terrestrial and marine coverage within a single protected 
area. An estimated 240,216 hectares of marine area is presently under legal protection within Marine 
and Coastal Protected Areas. Special Environmental Protected Areas (SEPAs) are protected under a 
regulation relating to the Mediterranean Action Plan and focus on sea and coastal regions. 


Due to the presence of P.oceanica 3,484 km of the Aegean coastal line is protected.  


As seen in figure below, Turkey’s national protected area system includes a number of MCPAs. In 
most cases, these combine terrestrial and marine coverage within a single PA. The first extension of 
the protected area system into Turkey’s marine territorial waters took place in 1973, with the 
declaration of the Dilek Peninsula National Park, which included a marine zone extending 1 km 
offshore. Beginning in 1988, a number of so-called Special Protected Areas, or SPAs (later renamed 
Special Environmental Protected Areas, or SEPAs) were established along the Mediterranean and 
Aegean Coasts. Like the Dilek Peninsula National Park, most SEPAs combine terrestrial and marine 
coverage.  
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Figure D.7.3-1 Protected Areas of Turkey (Source: UNDP) 


There are no protected areas within the LSA. However, it has to be noted that the closest protected 
areas are:  


• “Foça Specially Protected Environment Area” (SEPA), determined by the Cabinet and 
declared in the scope of “Specially Protected Environment Areas”;  


• Gediz Delta Ramsar Area.  


These protected areas are respectively located at air distance of 16 km and 19 km from the LSA.  


The Foça Specially Protected Environment Area is characterized by the presence of some specimens 
of monk seal. The Foça region is extended in the Central Aegean Sea. In the Central Aegean Sea, 
including the Foça Pilot Project Area, five seals were identified. In this area, the fishing activity is 
regulated and trawling and purse seining are prohibited by 'Decree No.27' set in 1992.  


The Gediz Delta Ramsar Area (The List of Wetlands of International Importance, 1 March 2012) is the 
closest Ramsar site to the Project, with an extension of 14,900 ha and showed in Figure D.7.3-2 . The 
site is an extensive coastal wetland with bays, salt and freshwater marshes, large saltpans, and four 
highly saline lagoons located at the mouth of the Gediz River near Izmir. The site supports dry 
grasslands, arable land, and some woodlands. İzmir Bird sanctuary is in the borders of this area. 
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The globally threatened pelican Pelecanus crispus breeds at the site, since this is an important area 
for breeding, feeding, wintering, and sheltering of internationally important numbers of species of 
waterbirds. The Gediz River is of vital importance for agriculture in the region, but is becoming 
significantly polluted; human activities include fishing, agriculture, cattle grazing, and the largest salt 
production centre in the country is present here. 


 


Figure D.7.3-2  Gediz Delta Ramsar Site 


D.7.4 Impact Assessment 


Issue Scoping 


Potential issues associated with protected areas have been determined as following: 


• Protected areas aim to conserve and protect sensitive species, habitat and in general to 
safeguard biodiversity. 


• The Project potentially could directly and/or indirectly impact the marine and coastal 
protected areas.  


• Based on these issues, the key question for marine and coastal protected ares has been 
defined as: 


• What effects will the Project have on marine and coastal protected areas? 


Key Question: What effects will the Project have on biodiversity and protected areas? 


Project 
Area 
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Linkage Evaluation 


The location of the Project far more than 15 km at least from marine and coastal protected 
areas leads to a potential linkage for impacts to be considered invalid and further impact 
assessment is not required.  


Mitigation and monitoring will not be required for potential Project impacts on marine and 
coastal protected areas as well. 
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VOLUME E: SOCIAL COMPONENTS 
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E.1 Introduction 


The aim of the assessment of potential impacts on social components is to address possible effects of 
Project activities on community life and cultural assets in terms of socio-economics, human health 
risks, visual aesthetics and archaeology; and recommend mitigation measures to ensure that the 
stakeholders experiencing the benefits of the Project are protected from the negative effects as well as 
adopt the Project with limited risks and with sufficient  positive outcomes to support the Project’s 
security and sustainability. 
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E.2 Socio-Economic Baseline 


Golder reviewed the social baseline information included in the Local EIA, identified additional 
information required, and conducted a literature investigation as well as a field survey to fulfill the gaps 
for this upgraded ESIA. The Golder Team visited Aliağa Town on November 8-9, 2010 together with a 
Petkim Representative participated on behalf of Sponsors. The Team interviewed with several public 
departments, non-governmental entities and local people to collect information about the socio-
economic characteristics of Aliağa. 


Objectives and Methodology of the Socio-Economic Survey 


The socio-economic survey is designed to collect regional socio-economic baseline information for 
realistically identifying the scale of potential negative and positive social impacts of the Project, as well 
as to collect local community’s perception and potential reactions towards the Project.  


As mentioned in the sections above, Aliağa region is one of the most significant industrial centers in 
Turkey and the socio-economic data gathered by various state and private institutions is adequate to 
understand the region in quantitative terms. Thus the Project specific socio-economic survey was 
primarily based on the additional on-site data collection in qualitative terms. Qualitative information is 
considered in conjunction with existing quantitative data in order to better understand the present 
socio-economic conditions in the Region and the potential social impacts of the Project as well as how 
residents living near the Project Site react to such impacts. 


Quantitative Research 


The quantitative part of the socio-economic survey primarily consisted of literature survey and the 
selection and analysis of the collected data. Quantitative data has been collected through the analysis 
of the existing information published by various institutions such as State Planning Organization, State 
Statistical Institute (TurkStat), Ege University, Aliağa Municipality, and industrial facilities in Aliağa, and 
by independent researchers. Golder also reviewed books about Aliağa history, cultural structure and 
traditions.  


Qualitative Research 


Golder gathered qualitative data during the site visit from observations, interviews, historical 
photographs, informal conversations, etc. In addition, the site team participated in several local 
activities. Golder tried to collect information from different perspectives and sources as much as 
possible. The qualitative research included the following steps: 
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In-depth Interviews 


In-depth interviews were conducted with the following individuals and groups: 


• 6 Mukhtars (head of neighbourhood or village) in Aliağa Town;  
• An advisor of the Aliağa Chamber of Commerce (a sociologist);  
• A representative of Aliağa Municipality (who is responsible to prepare the 


Municipality’s Strategic Report); 
• Deputy Director of Provincial Directorate of Ministry of Education;  
• Representatives of Provincial Directorate of Ministry of Health,  
• Izmir Cultural and Natural Heritage Protection Directorate, and  
• Two professors from Ege University.  
• One leader of the fishermen’s’ community from the Aliağa Town. 


 


The in-depth interviews were structured in two ways: 


• In-depth interviews were conducted with people who were expected to best represent 
the local community of Aliağa such as Mukhtars (head of neighbourhood). The course 
of the interview was designed in a way to obtain further socio-economic information 
about the community. The interviews also included questions about demographic 
structure, socio-economic features, education, health and migration issues. 


• Semi-structured in-depth interviews were conducted with other groups who were 
expected to be knowledgeable about the region’s socio-economic characteristics or who 
were authorized in decision making mechanisms. The interviews include similar 
questions with the interviews conducted with Mukhtars, but included more specific and 
technical questions. 


Informal Talks with the Local People 


Golder interviewed the local people in the region in order to obtain further bottom-up insights and 
experiences. These interviews were of significant importance for the study in order to make a more 
realistic assessment of the potential social impacts of the Project, and to plan the future stakeholder 
engagement activities in a way to reflect accurately the community participation principles. Golder tried 
to obtain local people’s expectations and perceptions towards the Project and about other socio-
economic issues in the area. 


Politics and Governance 


Aliağa District is located in the İzmir Province. İzmir is one of eight provinces in the Aegean Region of 
Turkey and Aliağa is one of 30 districts within the Province. Aliağa settlement was structured as a sub-
district in 1937 and the municipal organization was founded in 1952. Afterwards, the structured 
changed to a district in 1982. The municipal organization which served as sub-district municipality 
since 1982 was turned into a district municipality by the decree of the Council of Ministers in 1982. 
Aliağa was connected to İzmir Metropolitan Municipality in 2004 by the Metropolitan Municipality Law 
No.5216 dated August 03, 2004. 
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Table E.2-1:  lists the administrative units within Aliağa District.  


Table E.2-1:  Administrative Units in Aliağa District 


Name of the Administrative Unit Type of Settlement Local Head 


District Center 


Aliağa Town Central Urban Settlement District Governor 


Neighbourhoods (Mahalle) 


Atatürk Mahallesi Central Urban Settlement Mukhtar 
Kazım Dirik Mahallesi Central Urban Settlement Mukhtar 
Kültür Mahallesi Central Urban Settlement Mukhtar 
Kurtuluş Mahallesi Central Urban Settlement Mukhtar 
Siteler Mahallesi Central Urban Settlement Mukhtar 
Yalı Mahallesi Central Urban Settlement Mukhtar 
Yeni Mahalle Central Urban Settlement Mukhtar 


Villages (Köy) 


Yukarı Şehit Kemal Köyü Rural Settlement Mukhtar 
Bozköy Köyü Rural Settlement Mukhtar 
Çakmaklı Köyü Rural Settlement Mukhtar 
Çaltılıdere Köyü Rural Settlement Mukhtar 
Çıtak Köyü Rural Settlement Mukhtar 
Çoraklar Köyü Rural Settlement Mukhtar 
Güzelhisar Köyü Rural Settlement Mukhtar 
Hacıömerli Köyü Rural Settlement Mukhtar 
Horozgediği Köyü Rural Settlement Mukhtar 
Kalabak Köyü Rural Settlement Mukhtar 
Karakoy Köyü Rural Settlement Mukhtar 
Karakuzu Köyü Rural Settlement Mukhtar 
Maviköşe Köyü Rural Settlement Mukhtar 
Samurlu Köyü Rural Settlement Mukhtar 
Şehit Kemal Köyü Rural Settlement Mukhtar 
Uzunhasanlar Köyü Rural Settlement Mukhtar 


Source: Aliağa Municipality 2008 


Economic Structure 


Employment  


90% of the working population in Aliağa is employed in the industrial facilities in the Town (district 
center). Employment data for Aliağa provided by TurkStat is as follows: 


• Private sector employees: 21,050 
• Public servants: 1,150 
• Retired workers: 4,898 
• Retired public servants: 944  
• People paid survivors’ benefits: 273 


Business Environment  


According to a report published by the State Planning Institute in 2004, Aliağa was the fifth most 
developed district in Turkey in terms of socio-economic development. The economic activity in Aliağa 
used to be mostly based on agriculture until the beginning of 1960s. The town started to industrialize 
after the region was listed as a “heavy industrial zone” in the Constitution of 1961 and the State owned 
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large industrial complexes of Petkim Petrochemical Complex and Tüpraş İzmir Refinery were 
established in Aliağa.  


With the further industrialization in 1970s, an industrial zone (Nemrut Industrial Zone) was established 
in the region. In the second half of 1990s, private sector investments increased; iron and steel 
manufacturing and casting facilities, scrap processing plant of the State owned Machinery and 
Chemical Industry Corporation, Petrol Ofisi Oil and Gas Terminal, a number of other oil and gas 
terminals, two natural gas power plants, and ship dismantling facilities were established. Currently, 
Aliağa has the biggest petrochemical industry in Turkey and the iron steel industry in Aliağa produces 
25% of Turkey’s total iron production. There exist 40 large industrial facilities in the Industrial Zone, 
1,577 industrial and 5,104 miscellaneous firms in the region. 


A list of existing industries in the Region is provided in Section B.1- : . 


With the increase of industrial facilities, the agricultural activities lost their significance in Aliağa. 
Presently, the only agricultural activities are located in Güzelhisar and Helvacı plains. Animal 
husbandry in the region was affected in the same way. Golder visited the local market and observed 
that most products were coming from the other districts or cities. 


Aliağa Bay constitutes a natural fishing port. However, the fishing activities were affected by the 
establishment of Tüpraş İzmir Refinery ports. Presently, there is a small amount of fishing activity and 
there are 140 licensed fishing boats in Aliağa.  


There are five touristic facilities in Aliağa, which have 188 designated bed capacities in total. A number 
of summer houses and beaches are located to the north of Aliağa Town and Aliağa Bay, and far south to 
the Project Site at southern coasts of Çandarlı Gulf, close to New Foça Town. In particular from 
Cumhuriyet, located at about 6 km from the Project Site, to Yenifoca (New Foça Town), at about 8 km from 
the Project, several tourism facilities are present (e.g. Club Rose Bay Hotel, Alize Resort, Herzan Hotel 


There are 13 branch banks in Aliağa Town as of 2008. The daily deposit money circulated in these 
branch banks is 500 million TL. According to the information taken from the banks, the total saving 
deposits in Aliağa is about 200 million TL. Aliağa performs 22% of the total exports of the Aegean 
Region. It produces 1-1.3% of the Turkey’s gross national product per capita.  


Table E.2-2: Main Economical Indicators for Aliağa Town (2006) 


Indicators Characteristics 


Mail Income Source Industrial activities  


GDP 146,720,305 TL 


GDP for agricultural 
Products 83,188,566 TL  


Exportation  28,130,769.65 USD 


GDP per capita 32,896 USD (12,688 USD for Turkey 2006) 


Main Export Articles Iron, pearlite, lime, fertilizer, Marble, petroleum products, chemicals 


Source: Aliağa Chamber of Commerce 


Demographics 


Aliağa’s population has dramatically increased after 1965 and this increase is far from being explicable 
by normal birth rates. The main reason for this tremendous increase was the industrial migration to the 
region. Furthermore the high rate of industrial migration still continues to be in effect.  


Population of Aliağa Town in 2009 was reported as 51,108.  
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Table E.2-3:  demonstrates the population change between the years 1935 and 2009.  


 


Table E.2-3: The Population of Aliağa Town 


Years 1935 1940 1945 1955 1965 1970 1975 1985 1990 2000 2009 


Men 883 801 2,689 1,324 1,585 5,315 3,258 10,331 14,143 19,758 25,833 
Women 519 758 2,654 1,266 1,502 4,380 2,469 7,247 11,307 17,779 25,275 
Total 1,402 1,559 5,343 2,590 3,087 9,695 5,727 17,578 25,450 37,537 51,108 


Source: SPO Data 2009  


The age distribution in Aliağa Town is indicated in Table E.2-4: . 


Table E.2-4: Age Distribution in Aliağa Town 


Age Interval Total Percentage Total (%) Men Women 


0-4 4,482 7.06 2,290 2,192 


5-9 4,383 6.90 2,269 2,114 


10-14 5,052 7.96 2,599 2,453 


15-19 5,100 8.03 2,647 2,453 


20-24 4,967 7.82 2,288 2,679 


25-29 5,945 9.36 2,993 2,952 


30-34 5,503 8.67 2,846 2,657 


35-39 5,147 8.11 2,554 2,593 


40-44 4,920 7.75 2,387 2,533 


45-49 5,080 8.00 2,647 2,433 


50-54 3,940 6.20 2,172 1,768 


55-59 2,840 4.47 1,474 1,366 


60-64 2,131 3.36 1,085 1,046 


65-69 1,347 2.12 643 704 


70-74 1,109 1.75 507 602 


75-79 845 1.33 383 462 


80-84 481 0.76 179 302 


85-89 181 0.29 66 115 


90+ 50 0.08 8 42 


Total 63,503 100 32,037 31,466 


Source: TurkStat Data 2009 


In order to relate the age distribution in Aliağa with the Project specific concerns, it is useful to 
demonstrate the comparison of the total dependency rates between Turkey and Aliağa as provided in 
Table E.2-5: . 


Table E.2-5: Age Distribution in Aliağa Town Center compared to Turkey 


Age Interval Percentage for Aliağa Town  Percentage for Turkey 


Non active – young (aged 0-14) 21.92 29.21 


Active (aged 15 – 64) 71.77 64.11 


Non active – old (aged 65+) 6.31 5.68 


Source: TurkStat Data 2009 
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As indicated in Table E.2-5: , the ratio of the economically active population in Aliağa Town is higher 
than the Turkey’s average. The main reason for that is the industrial migration to the region that 
increased after 1965, adding to the economically active population. This can also be confirmed by 
looking at the comparison of the urban and rural populations by year  


 
 


Table E.2-6: Comparison of the Rural and Urban Populations of Aliağa 


Year Urban Population (%) Rural Population (%) 


1935 16.5 83.5 


1945 39.1 60.9 


1955 21.3 78.7 


1965 20.6 79.4 


1970 45.2 54.8 


1980 43.2 56.8 


1990 60.4 39.6 


2000 65.7 34.3 


2009 80.1 19.9 


Source: TurkStat Data 2009 


As indicated in Table E.2-6: , the rate of the urban population dramatically increased after 1965. This 
rate continued to increase until today because of the industrial migration from the other regions and 
the rural areas of Aliağa to the Town. The high ratio of urban population is an indication of significant 
importance of the industrial migration to the region. The phenomenon of high industrial migration is 
also confirmed by the comparison of men and women population in Aliağa by year in Table E.2-7: . 


Table E.2-7: Comparison of Men and Women Population in Aliağa 


Year Men Population (%) Women Population (%) 


1935 63.0 37.0 


1940 51.4 48.6 


1945 50.4 49.6 


1955 51.2 48.8 


1965 51.4 48.6 


1970 54.8 45.1 


1975 56.8 43.1 


1985 58.7 41.2 


1990 55.5 44.4 


2000 52.6 47.3 


2009 50.55 49.45 


Source: TurkStat Data 2009 


The higher percentage of the men population than the female population till the last decade can be 
explained by industrial migration. As indicated in Table E.2-7: , the difference started to decrease 
especially after 1985. The male workers who migrated to the region probably brought their families or 
married to women from outside of Aliağa after migration.  


Educational Status and Services 
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Literacy 


General educational status of the population in Aliağa is provided in Table E.2-8: . 


Table E.2-8: Educational Status of the Population in Aliağa Town (together with villages) 


Age 
Interval 


Gender Illiterate Literates 
with no 
official 


diploma 


Primary 
School 


Primary 
and 


Elementary 
School 


Elementary 
School 


High 
School 


University Masters Doctorate 


0-13 Men 2 3,197 0 91 0 0 0 0 0 


Women 1 2,939 0 74 0 0 0 0 0 


14-17 Men 3 106 0 1,648 0 4 0 0 0 


Women 4 66 0 1,551 0 9 0 0 0 


18-21 Men 5 52 0 431 0 981 36 0 0 


Women 18 70 0 459 0 1.020 67 0 0 


22-24 Men 7 21 72 164 0 618 173 1 0 


Women 12 38 181 180 0 669 254 5 0 


25-29 Men 11 33 383 172 192 1,006 488 21 0 


Women 51 50 716 137 173 831 465 24 0 


30-34 Men 10 21 607 41 194 924 466 28 2 


Women 53 44 892 41 146 687 326 15 1 


35-39 Men 20 23 821 22 221 600 337 15 1 


Women 60 72 1,148 28 175 403 216 8 1 


40-44 Men 21 26 835 19 229 496 248 10 3 


Women 88 58 1,095 11 200 332 210 11 0 


45-49 Men 27 27 810 6 230 750 230 10 0 


Women 107 76 1,050 5 143 399 127 2 0 
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Age 
Interval 


Gender Illiterate Literates 
with no 
official 


diploma 


Primary 
School 


Primary 
and 


Elementary 
School 


Elementary 
School 


High 
School 


University Masters Doctorate 


50-54 Men 22 29 680 1 157 531 236 13 1 


Women 103 78 763 3 85 186 105 3 1 


55-59 Men 26 33 545 0 99 186 178 10 0 


Women 120 71 578 0 48 85 46 2 1 


60-64 Men 20 31 403 1 62 111 79 3 0 


Women 128 76 344 0 41 41 12 1 1 


65 + Men 98 98 556 0 77 88 56 5 0 


Woman 458 177 557 0 29 30 7 0 0 


Total 1,475 7,512 13,036 5,085 2,501 10,987 4,362 187 12 


Source: TurkStat Data 2009 


While the average adult education duration is 6.11 years in Turkey, it is 7.89 years in Aliağa Town as 
indicated in Table E.2-9: . The illiteracy rate in Aliağa is lower than the Turkey’s average.  


Table E.2-9:  Comparison of Average Adult Education Period for Turkey and Aliağa Town 


 


Area Gender Average Adult Education Period 
(Year) 


Adult Illiteracy Rate (%) 


Turkey (Urban) Men 6.92 2.10 


Woman 5.75 9.33 


Total 6.11 5.71 


Aliağa Town 
(Urban)  


Men 8.56 1.20 


Woman 6,93 5.35 


Total 7.89 3.27 


Source: TurkStat Data 2009 
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As the population gets older, the illiteracy rate tends to be higher, as indicated in Table E.2-10:  in line 
with the general patterns in developing countries like Turkey. 


 


Table E.2-10:  The Illiteracy Rate by Gender and Age in Aliağa Town 


Age 
Interval 


Gender Illiteracy Literacy Unknown Total 


6-13 Men  2 3,288 6 3,296 


Woman 1 3,013 9 3,023 


14-17 Men  3 1,758 10 1,771 


Woman 4 1,626 5 1,635 


18-21 Men  5 1,500 29 1,534 


Woman 18 1,616 58 1,692 


22-24 Men  7 1,049 141 1,197 


Woman 12 1,327 48 1,387 


25-29 Men  11 2,295 191 2,497 


Woman 51 2,396 94 2,541 


30-34 Men  10 2,283 128 2,421 


Woman 53 2,152 54 2,259 


35-39 Men  20 2,040 68 2,128 


Woman 60 2,051 51 2,162 


40-44 Men  21 1,866 34 1,921 


Woman 88 1,917 39 2,044 


45-49 Men  27 2,063 56 2,146 


Woman 107 1,802 45 1,954 


50-54 Men  22 1,648 40 1,710 


Woman 103 1,224 39 1,366 
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Age 
Interval 


Gender Illiteracy Literacy Unknown Total 


55-59 Men  26 1,051 37 1,114 


Woman 120 831 36 987 


60-64 Men  20 690 41 751 


Woman 128 516 34 678 


65 + Men  98 880 45 1,023 


Woman 458 800 86 1,344 


Total 1,475 43,682 1,424 46,581 


 


Source: TurkStat Data 2009 


Quality and Capacity of Education Service and Skill Sets  


The information about the existing educational institutions in Aliağa Town and their capacities are 
given in Table E.2-11:  to Table E.2-13: .  


Table E.2-11: State Educational Institutions in Aliağa Town 


State Educational Institution Number of Institutions 


General High School 2 


Anatolian High School  2 


Technical Vocational Education and Training Center  1 


Public Education Center 1 


Counseling and Research Center 1 


Primary and Secondary  School  26 


Kindergarten 1 


Total 34 


Source: Aliağa District National Education Directorate 2009 


Table E.2-12: Private Educational Institutions in Aliağa Town 


Private Educational Institution Total 


General High School 1 


Primary and Secondary  School 1 


Private Teaching Institution 6 


Driving Course 4 


Student Research Center 1 


Special Educational Center 1 


Total 14 


Source: Aliağa District National Education Directorate 2009 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 400  


 


Table E.2-13: Total Number of Students and Number of Students per Classroom 


 Educational 
Institution 


Aliağa A/B 


Izmir 
Average 


A/B 


Turkey 
Average  


Number of 
Students  


(A) 


Number of 
Classroom 


(B)  


A/B 


Kindergarten 596 28 21 26 14 


Primary  8,034 284 28 38 38 


Secondary School 3,101 82 38 33 31 


General 11,731 394 30 35 28 


 


Source: Aliağa District National Education Directorate 2009 


According to the statistics of the year 2009, there were 11,731 students studying in 394 classrooms 
and 579 teachers. It is reported that Aliağa needs 129 more teachers in various branches. 


Although the level of education in Aliağa is high compared to Turkey’s average, there is no satisfactory 
data with respect to the level of vocational education. However, the people whom Golder interviewed 
implied that there is a lack of qualified workers in the region. The only vocational school in Aliağa 
District is E.U. Bergama Vocational High School, which has 600 students. It appears that there is a 
need for vocational schools that could meet the need for qualified staff in the industrial facilities in the 
region. These industrial facilities tend to employ workers from İzmir and other residential centers.  


Based on conversations during the site visit, people do not make a distinction between boys and girls 
for education. However there are also those who have concerns regarding education of girls. These 
concerns mostly stem from the fact that girls have to move away from Aliağa for university education. 
Some families do not have positive feelings about letting their daughters leave Aliağa due to the 
traditional family structure in Turkey. This cultural situation is numerically demonstrated in Table 
E.2-14: .  


Table E.2-14: Comparison of Illiteracy Rate and Education Enrollment Ratios (%) 


Location Net Primary Education 
Enrollment Ratio (1) 


Net Secondary Education 
Enrollment Ratio (2) 


Net Higher Education 
Enrollment Ratio (3) 


Male Female Total Male Female Total Male Female Total 


Turkey-wide (4) 93.57 90.21 91.95 50.24 42.41 46.47 14.18 11.95 13.09 


Aliağa Town 98. 21 98.18 98.75 80.56 54.43 74.72 25.67 15.78 24.56 
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Source: Aliağa District National Education Directorate 2009 


(1) Net Primary Education Enrollment Ratio: It is obtained by dividing the number of primary education students of a theoretical 
age group (6-13) enrolled in a specific level of education to the population in that group. 


(2) Net Secondary Education Enrollment Ratio: It is obtained by dividing the number of secondary education students of a 
theoretical age group (14-16) enrolled in a specific level of education to the population in that group. 


(3) Net Higher Education Enrollment Ratio: It is obtained by dividing the number of higher education students of a theoretical 
age group (17-21) enrolled in a specific level of education to the population in that group. 


(4) These data were drawn from TurkStat, Turkey’s Statistical Yearbook, 2004. 
Marital Status 


As indicated in the Table E.2-15: , the marriage age is quite late in comparison to a typical town in 
Turkey. This shows the region has a social profile of an industrialized city. 


Table E.2-15: Marital Status in Aliağa Town  


Gender Single (%) Married (%) Divorced (%) Widow (%) 


Men 28,92 67,46 2,51 1,11 
Woman 21,26 67,95 3,53 7,26 


Total 25,10 67,70 3,02 4,18 


Source: Aliağa District National Education Directorate 2009 


Health Status and Services 


Communicable and Non-Communicable Diseases 


There have been no epidemic diseases observed in the Aliağa District since 1990, according to the 
data obtained from Aliağa District Surgeon General Office. Almost all the persons Golder interviewed 
during the site visit emphasized the negative impacts of the industrial facilities on public health. They 
particularly complained about the high cancer incidences in Aliağa. On the other hand, the authorities 
in the Health Directorate stated that although people tends to believe that the cancer incidences in 
Aliağa is higher compared to the other regions in Turkey, they have no data to support or refute this 
opinion. The main reason is the fact that people suffering from cancer generally prefers hospitals in 
İzmir or other major cities rather than Aliağa. This situation prevents health facilities in Aliağa to have 
statistical data about cancer incidences in the Town. 


Capacity of Health Services 


There are 16 public health facilities in Aliağa District:  


• The Center of Public Health (1),  
• State Hospital (1),  
• Mother and Child Care and Family Planning Center (1),  
• Family Health Center (5),  
• Health House (7), and 
• Emergency Help Service (1).  


There are 66 doctors in the public health facilities according to the data gathered in 2008 (42 in State 
Hospital, eight in The Center of Public Health, 16 in the Family Health Centers), and three dentists 
(one in State Hospital and two in the Center of Public Health).  


There is also a private health facility with four doctors, two nurses, one laboratory technician and one 
dentist. There are 24 private clinics, 16 of which specialize in dental health.  
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There are 44 obstetricians, 53 nurses and seven health officers in the health facilities and 20 
pharmacies. In total the number of people per doctor is 943. 


Clinical Data 


The biggest health facility in Aliağa Town is Aliağa State Hospital. The authorities stated that people 
previously preferred health facilities in İzmir rather than Aliağa until recent years, since the facilities 
there were of better quality. However, with the use of advanced technological diagnosis and treatment 
units in the health facilities in Aliağa in the recent years, people started to use the local health facilities.  


The outcome of these improvements is followed as the increase in the number of polyclinic incidents 
from starting from 2006 at the statistical clinical data taken from Aliağa State Hospital as given in 
Table E.2-16:  and Table E.2-17: . 


Table E.2-16: The Number of Polyclinic Incidents in Aliağa State Hospital 


Months Years 


2006 2007 2008 2009 


January - 5,443 14,319 21,931 


February - 6,287 18,274 20,066 


March - 8,994 18,881 23,803 


April 344 6,939 16,155 21,875 


May 2,147 7,500 17,337 22,304 


June 2,020 7,580 17,181 19,593 


July 2,031 6,147 15,868 19,964 


August 1,645 7,070 16,678 20,863 


September 2,148 7,081 17,680 19,899 


October 2,327 6,710 16,407 21,351 


November 3,162 8,338 19,344 22,507 


December 4,195 15,930 19,736 21,605 


Total 20,019 94,019 207,860 255,761 


 


Source: Aliağa Healthy Group Presidency 2009. 
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Table E.2-17: Polyclinic Incidents in Aliağa State Hospital 


Facilities Years 


2006 2007 2008 2009 


Polyclinic Rooms  17 17 25 26 


Medical exams 20,019 94,019 207,860 255,761 


Inpatients  22 629 4,071 4,148 


The percentage of used beds 31% 7.8% 51.7% 50.06% 


Operations 8 546 2,147 3,591 


The percentage of specialists who have their own polyclinic rooms.  100% 100% 


 


Source: Aliağa Healthy Group Presidency 2009. 
 


The increase in the numbers is due to the improvement of health facilities in Aliağa and people started 
people started to use the health facilities in Aliağa rather than İzmir and other cities. 


Water and Sanitation Infrastructure 


Drinking Water 


A water treatment plant was established in 1993. All the residents in Aliağa Town are connected to the 
water supply network. 


Waste Water 


Presently, 90% of the wastewater is collected and treated in a wastewater treatment plant. A new 
biological waste water treatment plant is being constructed to replace the older plant. All the domestic 
waste water will be discharged to the town’s sewerage system with the completion of the new plant.  


Housing 


According to a study published by İzmir Chamber of Commence; presently there is a housing deficit 
problem in Aliağa. 


Social Maladies 


Although Aliağa has been a migration center in the last 30 years, the crime rate is lower in comparison 
to the other migration centers. Aliağa has 431 crimes per 100,000 people while Turkey has 674 crimes 
per 100,000 people (except traffic crimes). The distribution of crimes in Aliağa District is given below:  


Table E.2-18: Main Types of Crime in Aliağa Town (2006) 


Main Type of Crime Percentage (%) 


Murder 0.4  


Robbery 44.5 


Grab 3.3 


Malicious Wounding 1.3 


Reckless Injury 11.7 


Arson 7.5 


Narcotic  15.6 
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Other  15.7 


Source: Aliağa District Security Directorate 


Land Tenure and Land Use 


Regional Land Use  


The ratio of the agricultural land in Aliağa is lower compared to a typical district in Turkey, as indicated 
in Table E.2-19: . Since the region is an industrial area, agriculture and animal husbandry are not the 
main sources of living. 


Table E.2-19: Land Use in Aliağa District 


Type of Land  Size (Hectare) Percentage (%) 


Agricultural 
Land  


Dry Farming 5,742 14.70 


Vegetable Gardening 225 0.58 


Fruit Growing 118 0.30 


Vineyards 131 0.34 


Citrus 2 0.01 


Olive 4,295 11.00 


Poplar 7 0.02 


Fallow 96 0.25 


Uncultivated Agricultural Land 766 1.96 


Forestry  Forest  5,742 14.70 


Pasture 8,250 21.13 


Residential and Industrial Lands  13,678 35.03 


Total 39,052 100.00 


Source: Aliağa Chamber of Commerce 


 


Kinds of Tenure and Ownership of the Project Site 


As mentioned in the previous sections, the Project Site is located on a land owned by Petkim and 
rented to STAR for 49 years for the Refinery establishment. The land is an empty land located at an 
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industrial zone. Therefore, there will be no need for expropriation and resettlement and there will be no 
economic displacement as a result of the Project. No informal settlements resulting from project 
activities are forseen. . 


Fishing Industry 


Due to Turkey’s geographical position, with a total coastline of 8,333 km that spans over three seas, 
the Black Sea, the Aegean Sea and the Mediterranean Sea, fishery historically holds a relevant role in 
the country’s economy. The agricultural sector, of which fishery is part, accounts for 18% of the 
national Gross Domestic Product (GDP). The share of fisheries sector (including aquaculture) in GDP 
however, still remains be rather low, being around 0.5% (Rad, 2000)  


From a legal point of view, all fishery and aquaculture activities are based on the Fisheries Law No. 
1380, enacted in 1971 and amended by law 3288 of 1986. With this law, and its related bureaucracy, 
main definitions and rules in the sector were codified. The Ministry of Agriculture and Rural Affairs 
(MARA) is the main Government organization, responsible for fisheries (including aquaculture) 
administration, regulation, protection, promotion and technical assistance through four General 
Directorates.  


The data on fish capture throughout the last decades shows an unstable trend, due to the fluctuations 
that are linked with dealing with livestock. Looking at the last three decades, Turkish fishery production 
(including aquaculture) reached a peak level of 676,000 tons in 1988, mainly due to increase in 
anchovy landings, which constitutes the main fishing item of the fishery industry as a whole. This was 
followed by a sharp decline in overall capture fisheries production between 1989-1992 due to the lack 
of appropriate management and over-exploitation of anchovy stocks. An apparent recover has been 
observed since 1993, with the production stabilizing around 500,000 tons/year (Genç, 2004). In recent 
years, thanks to the use of new technologies and to the improvement of fishing vessels, as well as the 
growth of the aquaculture sector, the production is still subject to yearly variations, but has generally 
stabilized around 600,000 tons/year. In 2010 (latest statistics available) total production was of 
653,080 tons. Of this amount, 61% is obtained from the marine fishing, 25% from aquaculture (both in 
sea and in freshwater), 7% is represented by other marine products and 6% comes from other 
freshwater productions. (Turkstat, 2011) 


Aquaculture in Turkey started with rainbow trout farming in the early 1970s and little happened in 
terms of sea farming until 1985, when the first fish farms of gilthead sea bream and sea bass were 
realized in the Aegean Sea. Today both freshwater and sea farming play an increasingly important 
role in the production of fishery products. The sector is characterized by three main species: rainbow 
trout, sea bass and sea bream. The share of aquaculture in overall supply of aquatic products has 
subsequently increased from 1.0% (1988) to 10.0% (2002) to 25% (2010). About half of the 
aquaculture production comes from freshwater farms and half from marine farms. 


In the Izmir Province, of which Nemrut Bay is part, fishery plays an important role in the economy and 
holds a strong position at a national level. No statistics are available regarding the total fishery 
production, however there is a breakdown regarding aquaculture and number of licenses issued. With 
regards to the aquaculture production, in 2010 Izmir produced a total of 23,839 tons out of a national 
production of 167,141 tons (14.3%), making it the second largest aquaculture producing province of 
Turkey. As for seawater fishing, the only statistics available state the number of fishing licenses to 
people and to boats. The Izmir province holds 17,320 real person licenses out of 153,164 (11,3%) and 
2,271 out of 20,674 (10,9%), making it the top Turkish province by number of licenses. Confirming the 
importance of the fishing industry in the region, the University of Katip Celebi, founded in 2010, 
includes a Faculty of Fishery, devoted to increasing the knowledge and innovations in this sector. 


Table E.2-20: Marine aquaculture and fishing licences in the Izmir Province (2010) 
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Area Aquaculture production Real person licenses Fishing vessel licenses 


 (tons/annum) % on national 
production 


number 
issued 


% on 
national 
licenses 


number 
issued 


% on 
national 
licenses 


Izmir 23,859 14,3 17,320 11,3 2,271 10,9 


Turkey 167,141 100 153,164 100 20,674 100 


Source: Turkish Insititute of Statistics, Fishery Statistics 2010 


As for fishing activities in the Nemrut Bay, no fishing harbors and aquaculture facilities are present in 
this area. The area reportedly has little fishing potentials, due to the presence of numerous industrial 
facilities along the coast and of heavy ship traffic. Moreover the whole bay is declared as a no entry 
zones, due to the potentially harmful or hazardous activities taking place, therefore access to fishing 
vessels is denied in these areas. In general the bay has low fishing potentials, due to a compromised 
ecosystem disturbed by the existing dock activities. 


The closest fishing infrastructures are represented by the Aliağa Fishery Port in Aliağa Bay (Figure 
E.2-1 ), approximately 4,5 km. north-east of the Project area and Yenifoça Fishery Port, approximately 
8 km south-west of the Project area (Figure E.2-2 ).  


 


Figure E.2-1  View of the Aliağa Fishery Port in Aliağa Bay, image taken from Google Earth 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 407  


 


 


Figure E.2-2  View of the Yenifoça Fishery Port in Yenifoça Bay, image taken from Google Earth 


Aliağa Fishery Port, which is the closest to the study area, has been visited during the field campaign 
carried out in the area (January 2012). In this occasion interviews to fishermen were conducted to 
collect information on the local fishing industry. On the basis of the data obtained, there are about 40-
50 fishermen based in Aliağa; as for the boats used, about 50 are less than 10 m long and 3 are more 
than 10 m long. Most of the fishing is artisanal fishery, with only about 5% of fishing that can be 
considered industrial fishery. The main fishery gear is represented by: trammel nets (about 1,500-
2,500 m are used by each boat); longline; seine net. 


Fishing activities are conducted all year round, but restrictions and limits apply for a number of species 
that can be fished only in certain periods of the year (i.e. spiny lobsters and European lobsters).  


Main species caught by the fishing fleet of the Aliağa Port are listed in the following table. 


Table E.2-21: Main Species of Fish And Invertebrates Caught In The Aliağa Port By Artisanal 
Fishermen  


English name Scientific name 


Fish 


Stargaze Uranoscopus scaber 


Scorpionfish Scorpaena spp 


Tub gurnard Trigla lucerna 


European Seabass Dicentrarchus labrax 


Amberjack Seriola dumerilii 


Common two banded seabream Diplodus vulgaris 


Annular seabream Diplodus annularis 


White seabream Diplodus sargus 
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English name Scientific name 


Common dentex Dentex dentex 


Common seabream Pagrus pagrus pagrus 


Gilthead seabream Sparus aurata 


Striped seabream Lithognathus mormyrus 


Bogue Boops boops 


Saddled seabream Oblada melanura 


Salema porgy Sarpa salpa 


BROWN MEAGRE Sciaena umbra 


RED MULLET Mullus surmuletus; Mullus barbatus 


Barracudas Sphyraena barracuda 


Common solea Solea vulgaris 


Solenette Buglossidium luteum 


Atlantic horse mackerel Trachurus trachurus 


hake Merlucius merlucius 


Flathead grey mullet Mugil cephalus 


Common pandora Pagellus erythrinus 


Mackerel Scomber japonicas, Scomber scomber 


Atlantic bonito Sarda sarda 


Invertebrates 


Octopus Octopus vulgaris 


Spiny lobster  Palinurus elephas 


European lobster Homarus gammarus 


Camarote prawn Penaeus kerathurus 


Source: interview with local fishermen and direct observation of fish landing 


This list reveals the relevant role of coastal fish among the species caught. Moreover the posidonia 
meadows play a relevant role in the biology of the species as nursery or feeding area for about the 
50% of the species listed. 


Among the main problems stated by the interviewed fishermen are: illegal trawling carried out in 
shallow water and limitation of fishery in several coastal areas, due to the presence of industrial 
facilities. 


The main fishing areas are represented by the coast next to the estuary of the Gülzelhisar river, along 
the peninsula between the Nemrut Bay and the Aliağa Bay, and at the sea bottom around the two 
small islands in the Sandarli bay, as shown in the figure below.  
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Figure E.2-3 Main Fishing Areas for Aliağa Fishers. 


 


Figure E.2-4 Some of the Species Caught by Local Artisanal Fishery (White Seabream, Red 
Mullet, Hake, Seabass, Mackerel, Solea) 
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Figure E.2-5 Aliağa Port: Dock With Small Fishery Boats 


Yeni Foça Fishery Port is located approx. 8 km south-west of the Project site and has been visited 
during the field campaign carried out in the area (January 2013). In this occasion interviews to 
fishermen were conducted to collect information on the local fishing industry. Fishing activities are 
mainly organised through the S.S Yeni Foça Aquaculture Cooperative, which was founded in 1995.  
General information regarding Aliağa fisheries are provided in the following table: 


Table E.2-2: General status of fishery in Yeni Foça 


S.S. Yeni Foça Aquaculture Cooperative 


Year founded 1995 


Number of registered patrons 54 


Number of active members 6 


Number of fishermen whose income depends solely 
on fishery 


6 


Number of non-members 6 


Number of un-registered vessels 0 


Number of fishermen in the cooperative’s region of 
activity 


60 


Ratio of membership in the cooperative (%) 90 


Ratio of active members (%) 11 


Number of those working in the cooperative 1 
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S.S. Yeni Foça Aquaculture Cooperative 


Marketing Activities-Auction Exists 


 


 


Table E.2-3: The target species in Yeni Foça 


 


ENGLISH NAME SCIENTIFIC NAME 


FISH 


RED MULLET-MULLET MULLUS SP.) 


SEABREAM SPARUS AURATA 


SHIPSHEAD BREAM DIPLODUS VULGARIS 


SWORDFISH XIPHIAS GLADIUS 


BOGUE BOOPS BOOPS 


SEABASS OBLADA MELANURA 


COMMON PANDORA PAGELLUS ERYTHRINUS 


ATLANTIC BONITO SARDA SARDA 


SARGO/WHITE SEABREAM DIPODUS SARGUS 


COMMON DENTEX DENTEX DENTEX 


INVERTEBRATES 


OCTOPUS OCTOPUS VULGARIS 


 


 


Table E.2-4: Equipment 


Fishing Vessel/Method Number of Vessels   Number of Fishing Units* 


Seabass Gillnets - 2 


Bug Nets 2-3 20 
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Fishing Vessel/Method Number of Vessels   Number of Fishing Units* 


Red-Mullet Gillnets - - 


Mesh Nets (Leave them, collect 
them later) 


- - 


Common Sole Mesh Nets - - 


Thin Longline Fishing - +** 


Thick Longline Fishing - + 


Submerged Fish Trap - - 


*Units per fishing vessel were essentially taken as ribs for nets, baskets for longlines, and trolling and 
seine sets. 


**In some related forms of fishery the number of fishing units does not directly affect the fishery efforts 
and thus those numbers were not given importance. 


According to the information gathered, the fishing community in Yeni Foça is smaller than in Aliaga, 
and fishing is done as a means of additional income as a second job, leading to an artisanal type of 
fishing. However a pelagic system of fishing (i.e. in areas further from the coast) is used, which could 
be more heavily impacted by increased ship traffic.   


As in the case of Aliaga, also in Yeni Foça many disagreements between fishers and other interest 
groups occur because of other activities conducted in conjunction along the coast such as agriculture, 
industries and second housing. Many problems arise amongst the fishermen themselves; the tangle 
nets and longline employing fishermen and the seine net employing fishermen (especially the coastal 
seine net employing fisherman) are in constant disagreement. Other problems emerged are listed 
below: 
 


� Illegal fishing (diving tube, snorkel, and dynamite); 


� Lack of financial support; 


� Decrease in fish stocks and the resulting decrease in fishing yield; 


� Harbor pollution and shoaling; 


� The small size of the harbour. 


 


Perception of the Project by the Local Community 


Socio-economic field survey carried out in Aliağa focused on the community’s present status and 
needs as well as their perceptions of and expectations from the Project. Understanding the needs and 
expectations of the community would lead to a better planning in the construction and operation 
stages of the Project. This section provides information that will be considered below in the socio-
economic impact assessment.  


From the interviews during the site visit, Golder understood that the local community already knows 
about the Project. Many people in the Town are talking about the new Refinery, especially the 
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expectation for the new employment opportunities during construction and operation phases. There 
are also anxieties mostly related with whether or not the Project Owner will employ the current work 
force from Aliağa and with the possible consequences of the migration to the town. 


The Project is owned by STAR Rafineri A.Ş., a sister company of Petkim. However, a number of 
people in Aliağa think that the proposed Project is owned by and will be operated as part of Petkim. 
The Project is mostly regarded as “Petkim’s Refinery”. This misunderstanding is arising from the 
reason that almost all press statements about the Project were made by Petkim Representatives and 
the community was informed that the Refinery’s main aim is to produce raw material for Petkim.  


Golder observed that the local community has more expectations from the Project than the other 
proposed projects in the region due to Petkim’s name. In order to explain the high expectations from 
the Project, it would be useful to mention Petkim’s image in the eyes of Aliağa community. Petkim has 
been founded in 1965 as one of the biggest state owned enterprises of Turkey. The facility had a 
major role in the life in Aliağa Town and had a great prestige among the local community, particularly 
until its recent privatization in 2008. Petkim owed its prestige to its “major state industrial organization” 
status until privatization and to its wage policy.  


The representative of Aliağa Municipality recalled the “Petkim’s employees’ golden age” and explained 
this situation as follows: 


 


“There was a typology among Aliağa local community named ‘Petkim’s elite’ at those times. There 


were rumors about the unbelievably luxurious conditions in Petkim. The local community wondered 


and rumored about the life there because they could not enter in Petkim area. The living conditions 


there were of course exaggerated; however, it was true to a certain extent as Petkim’s employees 


and their families living in the lodgments within Petkim area had many opportunities that other 


people in Aliağa cannot even think of. It was very common for young boys to jump fences in order 


to see the life conditions there. Petkim employees, even an ordinary worker earned 5-6 times more 


than the employees in the other facilities at that time.”  


Although Petkim’s entrance is still controlled today, Petkim management recently started a project 
named “Açık Kapı” (Open Door). They organize periodic tours for Aliağa people to introduce the 
facility. 


Although the wage policy has changed since privatization, became more transparent to a certain 
degree and the average wages have converged to the level in the other industrial facilities in the 
region; Petkim’s image has not changed in the eyes of Aliağa people. The representative of Aliağa 
Chamber of Commerce stated that people employed by the other facilities still looks for jobs in Petkim 
although other employers may promise higher wages. The people think working in Petkim is more 
prestigious and more secure. People’s perception of Petkim also extends to the Project since it is 
regarded as “Petkim’s Refinery”. This increases the expectations from the Project.  


Another factor increasing the expectations is the people’s interpretation of the press statements. The 
community thinks the Refinery will offer 10,000 new jobs.  


A question mark is the possibility that the employment opportunities to be offered by the Refinery 
might not be towards Aliağa community but other people out of the District. The Representative of the 
Chamber of Commerce stated that he doubts there is enough qualified work force in Aliağa to meet 
the Refinery’s need, especially in the operation phase. Considering that the permanent jobs will be 
offered in the operation stage and most of those will require qualified workers, it will be difficult to fulfill 
the community’s expectations.  
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The start of high-speed train between İzmir and Aliağa increases their anxiety. One of the Mukhtars 
raised the question that:  


“Why would not the Refinery employ qualified people from İzmir instead of Aliağa, while people 


from Izmir are able to come to Aliağa this easily?”  


The representative of Aliağa Municipality who prepared the Municipality Strategic Plan stated that the 
municipality has already started negotiations with İşkur (Turkish Employment Organization) to obtain a 
priority for Aliağa people in the prospective jobs to be offered by the Project. However, he also 
expressed his anxiety about the new situation to be created by the high-speed train. He stated that: 


“The owner of the project should pay its debt to Aliağa by employing Aliağa people in the proposed 


refinery. Petkim owes its existence and its present prestigious situation to Aliağa Town and its 


people. In the old times, Petkim isolated itself from the Aliağa community and this is a good 


opportunity for them to reestablish ties with the region and its people.” 


The potential new employment also engenders some anxiety. One of the Mukhtars pointed out a 
potential consequence of the new employment by the Refinery: 


“It seems a very positive development at first glance that the unemployed and unqualified people in 


Aliağa and the other settlements in the region will be able to work in the construction stage of the 


Refinery. But, there will be many people moving to Aliağa to work in the construction phase and 


what would happen when there is no need for them once the construction completed? There will be 


a new case of unemployment.” 


New employment potential raises another major issue of migration. As mentioned in the previous 
sections,  


Table E.2-3: The Population of Aliağa Aliağa’s population rapidly increased after 1965 with the 
Government’s decision that Aliağa would be an industrial region. The majority of the present 
population in Aliağa is migrants from other parts of Turkey. There are two contradictory views among 
Mukhtars with respect to the consequences of the possible new migration as a result of the Project. 
Some thinks Aliağa is a kind of cosmopolitan industrial center and has the potential to transform these 
newly migrated people to ‘Aliağa people’ in a very short term; whereas some others thinks there are 
already adaptation problems for the previous migrants and this problem would be increased with the 
increasing number of migrants as a result of the Project.  


The people Golder interviewed did not express a direct anxiety about the potential environmental 
impacts of the Project. This might be the outcome of the previous prestigious status of Petkim and 
press statements that the Refinery will be operated by natural gas. The community rather tends to 
blame the iron and steel industry and ship breaking plants for the present air pollution and other 
environmental conditions in the region. The people stated that although the Government has obliged 
the facilities to take necessary measures, such as filtering system; they believe the facilities still 
continue to release air pollutants when there is no control.  


As a note, the local people Golder interviewed with place reliance on Petkim with respect to the 
necessary air pollution measures. One of the local residents stated that: 


“We cannot breathe because of air pollutants caused by iron and steel industry. Many people 


worked in ship breaking factories got cancers. Although the situation was recently improved 


compared to the previous years; those plants still release air pollutants when there is no control. 


However, we heard that more organized and older plants, like Petkim, strictly comply with the 


regulatory rules to prevent air pollution. It is not only because they care about public health, but 


also because they earn more money than the other plants and they don’t want to have trouble with 


the Government.” 
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E.3 Socio-Economic Impacts 


E.3.1 Introduction 


This section provides an assessment of potential social and economic effects of the Project. The 
assessment draws upon the information collected in the socio-economic baseline study, which is used 
as the basis for predicting social impacts of the Project.  


E.3.2 Study Area 


The local study area (LSA) for the social impact assessment is defined as Aliağa District. 


E.3.3 Baseline Summary 


Socio-economic baseline information is provided in Section E.2 above. 


E.3.4 Impact Assessment 


Issue Scoping 


Key issues for the Project are related to the employment. The Project is located near existing industrial 
facilities so there are relatively limited new impacts due to the historical development of heavy industry 
in the LSA. Moreover the extension of the jetty might determine possible changes in the marine 
environment, hence having possible impacts on the local fishing industry and on the people employed. 
The following are considered to be the key issues for the Project: 


Direct Impacts: The Project will bring employment opportunities, hence an improvement in the 
economic profile in the LSA. Although this creates expectations, a general lack of technically skilled 
people in the LSA will mean that many workers have to come from other regions of the country. 


Indirect impacts: With large number of migrant workers, particularly during the construction phase, 
there is a potential for a number of indirect impacts such as increased usage of existing infrastructure, 
social adaptation problems, impacts that may result from human responses to perceived changes etc. 
Moreover the construction of the jetty might possibly cause some interference with the local fishing 
activities. 


The key questions for the assessment of socio-economic affects were defined as follows: 


• What effects will the additional population due to the employment during construction of the 
Project have on the local community and existing resources? 


• What effects will the additional population due to the employment during operation of the Project 
have on the local community and existing resources? 


• What effects will the Project have in terms of displacement/relocation and land use? 


• What effects will the Project have through the new employment opportunities? 


• What effects will the Project have on the fishing activities in the area? 


• What effects will the Project have on the fishing activities in the area (ecosystem services)? 
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• What effects will the Project have on the aquaculture in the area? 


• What effects will the Project have on the tourism industry in the area (ecosystem services)? 


 


Impact Analysis Methods 


The impact analysis is generally based on a qualitative analysis. Assessment of the potential socio-
economic impacts is based on the following:  


• Socio-Economic Baseline: Information collected during the socio-economic baseline and 
consultation study is used to identify the factors that might influence the human environment 
prior to the Project implementation. 


• Project Activities: Project activities that may affect the social or economic characteristics of the 
local community during the Project’s life cycle (planning and design, construction, operations, 
decommissioning and post-closure) were identified. 


Impact Analysis Criteria 


Unlike environmental impacts, social impacts are not assessed on reversibility and frequency. Socio-
economic impacts are part of an ongoing process of interdependent economic and social change and 
generally cannot be reversed to return to one or all of the pre-project conditions. Although there are 
isolated exceptions, most socio-economic impacts are experienced continuously by people; thus, 
frequency is not a useful attribute for significance assessment. However, depending on the stage of 
the project (construction, operations, post-closure), frequency of impact may increase or decrease. 
The significance of social impacts can be classified as in the following table: 


Table E.3.4-1: Socio-Economic Impact Assessment Criteria 


Direction(a) Magnitude(b) Geographic Extent(c) Duration(d) 


positive:  impact provides 
a net benefit to the affected 
person(s) 


negative:  Impact results in 
a net loss to the affected 
persons(s) 


mixed:  impact may be 
positive or negative, but 
requires an intervention to 
demonstrate net benefit 


neutral:  no net benefit or 
loss to the affect person(s). 


negligible:   no noticeable 
change anticipated 


low:  result predicted to be 
different from baseline 
conditions, but not to impair or 
change quality of life of the 
affected person(s) 


moderate:  result predicted to 
impair or benefit quality of life of 
the affected persons(s) 


high:  result predicted to 
seriously impair quality of life 
and mitigation measures are 
unlikely to help; or result to 
substantially benefit with a high 
degree of confidence that 
benefits will be sustainable 
beyond the life of the Project 


individual:  effect 
restricted to individuals or 
individual households 


local:  effect restricted to 
the LSA 


regional:  effect extends to 
RSA 


national:  effect extends to 
national area 


short-term: 
construction  


medium-term: 
operations 


long-term:  
operations - post 
operations  


(a) Direction: positive or negative effect for measurement endpoints, as defined for the specific component. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 
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Key Question Socio-Economics-1: What effects will the additional population due to the employment 
during construction of the Project have on the local community and existing resources? 


Linkage Evaluation 


The new employment needed in the construction phase of the Project will cause a population 
change in the Town. Although STAR does not yet have a clear number of employees 
needed in the construction period and it will be determined once the EPC contractor(s) start, 
a preliminary account of the workforce plan is available as indicated in Figure E.3.4-1 . Over 
the 41 month program, employee number is anticipated to peak at around 7,000 from August 
2013 through December 2013. As for the jetty construction, it is predicted that about 200 
employees will be working on the Site during construction phase, but at this stage the 
workforce plan is not available yet. 


 


Figure E.3.4-1 The estimated number of employees during construction  


It can be predicted that most of the employees working in the construction phase will be males based 
on existing trends. The number of males in the age interval of 20-49 in Aliağa which could potentially 
work in the construction phase is 15,715, as indicated in Table E.2-4:  in the above sections. 


Based on a conservative estimate of potentially unemployed people in Aliağa, it is predicted that a 
considerable amount of the employees for construction will be from the other parts of the Aegean 
Region or other Regions in the country. If majority of these employees move to the region with their 
families; the additional population may stress the existing socio-economic characteristics of Aliağa 
Town, considering the present population of 51,108. Hence, the linkage is valid. 


Impact Analysis Results 


The anticipated population increase may have noticeable social impacts for the region as follows: 


• The existing infrastructure of water and wastewater, health, education, worship and 
transportation in Aliağa would not be able to meet the needs of this additional 
population.  
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• The new people who will possibly come from other parts of Turkey with different 
social, ethnic and cultural backgrounds might potentially create tensions and conflicts 
in Aliağa.  


• As mentioned in Section E1: Socio-Economic Baseline, a study published by İzmir 
Chamber of Commerce indicates that there is already a serious housing deficit 
problem in Aliağa. This deficit will be increased with the additional population moving 
to the Town.  


 


• Without additional mitigation the impact would be as follows: 
Direction: Negative  
Magnitude: Moderate 
Geographic Extent: Local 
Duration: Short term 


Mitigation 


STAR is planning to employ the reserve workforce in Aliağa in the first place and then employ the 
people from other parts of Turkey. 


In order to provide an efficient accommodation during the construction works of the Project and to 
minimize the potential affects on the existing infrastructural sources for water, wastewater, 
transportation, housing, etc. in the Town; construction camps will be established for the temporary 
employees. Construction camps are considered a viable mitigation measure for the potential negative 
impacts brought about by the additional population.  


These camps will have all necessary infrastructure and facilities such as water, wastewater, heating, 
praying, basic health, etc. to meet the needs of the employees and to minimize the affects on the 
existing infrastructure and resources. Demands for and potential impacts of the water supply and 
wastewater collection/disposal systems are mentioned in Volume C: Physical Components. 


The location of the construction camps will be chosen close to the Project Site and within Petkim area, 
to the extent possible. STAR will recommend several alternatives to the EPC contractor(s) as 
illustrated in Figure C.7.4-1 . 


If there will be need for camps out of Petkim area, possible best locations will be decided through the 
consultation with the Municipality and District Governorate. In addition, for part of the construction 
phase employees existing Petkim lodgments will be utilized. 


SOCAR, the majority sponsor of the Project, is planning to build a public vocational school focusing on 
oil, gas and petrochemicals industries in the Town to meet the additional needs for the technical 
educational services at high school level. The school is planned to be opened in September 2012 and 
will have the first stream of some 200 technically qualified graduates in June 2016.  


An explicit grievance mechanism will be developed for the Project, as described in the Stakeholder 
Enagement Plan (SEP) to invite feedback related to unpredicted community impacts. The results of 
the grievance mechanism will be regularly reported. 


Residual Impacts 


Table E.3.4-2: Residual Impact Classification for Socio-Economics due to the Additional 
Population during Construction 
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Direction Magnitude Geographic Extent Duration Environmental Consequence  


Key Question Socio-Economics-1: What effects will the additional population due to the 
employment during construction phase have on the local community and available 
resources? 


Negative Low Local  Short term Negligible 


 


 


Key Question Socio-Economics-2:  What effects will the additional population due to the employment 
during operation of the Project have on the local community and existing resources? 


Linkage Evaluation 


Approximately 700 employees are anticipated to work in the operation phase of the STAR Project. 
With regards to the STAR Marine Terminal, it is predicted that 50 employees will work on Site during 
the operation phase. Although this number is much smaller than the construction phase, considering 
that the predicted number of qualified employees in Aliağa would not be sufficient to meet the 
workforce needed in the operation phase, the Refinery will be operated largely by employees from the 
other regions, the additional population by these employees and their families would have an affect 
the socio-economic sources of the Town. Hence, the linkage is valid. 


Impact Analysis Results 


The anticipated population increase may have noticeable social impacts for the region as follows: 


• The existing infrastructure of water and wastewater, health, education, worship and 
transportation in Aliağa would not be able to meet the needs of the additional 
population.  


• The new people who will possibly come from other parts of Turkey with different 
social, ethnic and cultural backgrounds might potentially create tensions and conflicts 
in Aliağa.  


• As mentioned in Section E1: Socio-Economic Baseline, a study published by İzmir 
Chamber of Commerce indicates that there is already a serious housing deficit 
problem in Aliağa. This deficit will be increased with the additional population moving 
to the Town.  


• The outcome of impact analysis is as follows: 
Direction: Negative  
Magnitude: Moderate 
Geographic Extent: Local 
Duration: Medium term 


Mitigation 


For the permanent employees during the operation phase of the Project, part of Petkim lodgments will 
be utilized. Remaining employees will stay in the Town. Potential location for these employees will be 
decided through the consultation with the Municipality and District Governorate.  


The vocational school that will be constructed during the construction phase of the Project will meet 
the additional need for the basic technical educational services. The other infrastructure requirements 
will be provided through the consultation with the Municipality and the District Governorate.  
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An explicit grievance mechanism will be developed for the Project, as described in the Stakeholder 
Engagement Plan (SEP) and Appendix 10-1 to invite feedback related to unpredicted community 
impacts. The results of the grievance mechanism will be regularly reported.  


Residual Impacts 


Table E.3.4-3: Residual Impact Classification for Socio-Economics due to the Additional 
Population during Operation 


Direction Magnitude Geographic Extent Duration Environmental Consequence  


Key Question Socio-Economics-2: What effects will the additional population due to 
the employment during operation phase have on the local community and available 
resources? 


Negative Low Local  Medium term Low 


 


Key Question Socio-Economics-3: What effects will the Project have in terms of 
displacement/relocation and land use? 


The proposed Project Site is an empty land located on an industrial area within the boundaries of 
Petkim, There is no settlement or any commercial activity at the Project Site and the adjacent area. 
Hence, there will be no physical displacement, relocation, expropriation or economic displacement for 
the Project.  


Hence, the outcome of impact analysis is as follows: 


Direction: Not applicable  
Magnitude: Not applicable 
Geographic Extent: Not applicable 
Duration: Not applicable 


Key Question Socio-Economics-4:  What effects will the Project have through the new employment 
opportunities? 


Linkage Evaluation 


There will be new employment during the construction and operation phases of the Project and this 
will generate new income sources for the local people as well as the people in the Aegean Region and 
the other parts in the Country.  


In addition, the new investment and additional population in Aliağa Town as a result of this new 
employment will stimulate the local economic activities. Hence, the linkage is valid. 


Impact Analysis Results 


Employment and new jobs are generally considered as a positive social impact. However, the overall 
direction of the new employment opportunities is mixed. A large influx of temporary workers can put 
additional strain on local communities, especially if contractors have not been informed about core 
labor rights and best practices. 
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Mitigation 


Employment and new job opportunities are generally considered as a positive impact. However, to 
ensure that the benefits are maximized and positive, the owner will adhere to the international 
guidelines set out by the ILO and IFC. Such mitigation step will include: 


• Development of a Human Resources policy that includes the following key elements: 
o Entitlement to and payment of wages; permissible wage deductions; 
o Overtime payments; hours of work and any legal maximums; 
o Entitlement to leave for holidays, vacation, illness, and maternity and other 


reasons; 
o Entitlement to benefits;  
o The employees’ right to form and join workers’ organizations; 
o Disciplinary and termination procedures and rights; 
o Conditions of work; 
o Occupational safety, hygiene and emergency preparedness; 
o Promotion requirements and procedures; 


• Ensuring all employees have clear documentation of their working relationship to the 
owner; 


• Developing clear statements to highlight a commitment to non-discrimination and 
equal opportunity, as well as similar statements that forbid any form of child or forced 
labor, which may mean developing specific references to national legislation; 


• Developing an internal worker’s grievance mechanism, which complements the 
grievance mechanism for external actors; 


• Documenting efforts to explain to all contractors and non-employee workers that the 
key elements of ILO and IFC best practice also are relevant for non-employee 
workers; and 


• Documenting efforts to explain to suppliers that they must conform to international 
guidelines related to child and forced labor. 


Residual Impacts 


Table E.3.4-4:  Residual Impact Classification for Socio-Economics due to New Employment 
Opportunities 


Direction Magnitude Geographic Extent Duration Environmental Consequence  


Key Question Socio-Economics-3: What effects will the Project have through the new 
employment opportunities? 


Positive Moderate to 
High 


Regional  Medium term Moderate to High 


 


Key Question Socio-Economics-5: What effects will the Project have on the local fishing industry? 


Linkage Evaluation 


Fishing is currently banned in the Nemrut Bay, due to the presence of industrial facilities along the 
coast, therefore the jetty construction will not affect the fishing activities directly and will not reduce the 
fishing area. However two fishing harbors are located within a distance of 10 km from the Site and the 
closest fishing area is about 6 km from the project Site. 


The jetty construction activities might determine changes in the marine ecosystems, therefore having 
possible consequences on the local fishing industry. In particular the construction work could possibly 
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damage the posidonia meadow close to the project Site, which represents a feeding and a nursery 
area for fish. On the other hand, the introduction of deep rocks used in for the jetty construction could 
lead to the origin of a new marine habitat. Hence, the linkage is valid. 


During the operation phase ship traffic can have a limited impact in case of interaction with fishing grounds; 
during the construction phase noise should be considered. In case of incident spill oil may occur with major 
impact on marine ecosystem and fishery. 


Impact Analysis Results 


The new jetty facility will have specific potential impacts on the fishing industry as follows: 


• Fishing is currently banned in the Nemrut bay due to the presence of industrial 
facilities along the coast, therefore the jetty construction will not affect the fishing 
activities directly and will not reduce the fishing area.  


• The jetty construction will take place close to a posidonia meadow. Within the LSA this 
meadow covers a surface of about 150,000 m2. 


• The jetty construction could, in particular the northern jetty (jetty 4), could have 
impacts on the posidonia meadow, which is an important marine habitat, as it 
represents a nursery and feeding area for numerous fish species. As a consequence 
there could be potential negative consequences on the marine life and of fishing 
capabilities of the area. However it is important to note that this impact is predicted to 
have effects locally and that other larger posidonia meadows are present in the 
Candarli gulf, thus providing an important marine habitat for the fish population.  


• On the other hand, the introduction of deep rocks used in for the jetty construction 
could lead to the origin of new marine habitats, consequently increasing the catch of 
species.  


• On the other hand, the introduction of deep rocks used in for the jetty construction 
could lead to the origin of new marine habitats, consequently increasing the catch of 
species  


• During the construction phase noise will cause a temporary displacement of fish from 
the area and neighbouring zones. Considering that the closest fishing ground is 
located at about 6 km from the Project Site the impact on fishery due to noise can be 
considered non-influent. 


• During the operation phase, the increasing ship traffic could potentiality impact directly 
fishing activities due to the interactions between the ship route and the fishing grounds 
with consequence risk of damaging of fishing gears. Considering the coastal location 
of fishing grounds and the prohibited fishing zone at the Nemrut Bay, this risk is limited 


• In addition during the operation phase, in case of incident, spill oil may occur with 
major impact on marine ecosystem and fishery. The Oil Spill Emergency Response 
Plan(see Section A.2) has to consider the fishing areas as indicated in the baseline 
(Section D) as sensitive area for ecosystem services with possible negative 
consequence for fishing industry.  


• Given that closure will not occur for at least 30 years and that the area is designated 
for ongoing industrial use, it is not useful to comment in any detail possible fishery 
activities after closure.  


Without additional mitigation the impact would be as follows: 
 


Direction: Negative  
Magnitude: Low 
Geographic Extent: Local 
Duration: Long term. 
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Mitigation 


Proposed mitigation activities are related to the safeguard of the posidonia meadow close to the 
project Site, in order to reduce possible consequences on the marine life and therefore on the fishing 
potentialities of the area. Moreover the mitigation measures will include : 


i)  Application of  measures to limit spreading of filling material; ii) delimitation of posidonia borders; iii) 
providing concrete perforated modules at the base of the piers, where applicable, and artificial fish 
habitat modules incorporated into jetties, in order to offer additional ecological niches for marine flora 
and fauna species. 


Detailed mitigation measures to reduce impact on the marine habitat can be found in the specific 
Marine Flora and Fauna Section and in the Biodiversity Action Plan. 


With reference to the risk of oil spill the “Oil Spill Emergency Response Plan”  (see section A.2)has to 
consider the fishing areas as sensitive area for ecosystem services and introduce necessary measure 
to limit this risk of impact. 


An explicit grievance mechanism will be developed for the Project, as described in the Stakeholder 
Engagement Plan (SEP) to invite feedback related to unpredicted community impacts. The results of 
the grievance mechanism will be regularly reported. 


Residual Impacts 


Table E.3.4-5 Residual Impact Classification for Socio-Economics due to the Additional 
Population during Construction 


Direction Magnitude Geographic Extent Duration Environmental Consequence  


Key Question Socio-Economics-1: What effects will the Project have on the local 
fishing industry? 


Negative Low Local  Long term Negligible 


 


Key Question Socio-Economics-6: What effects will the Project have on the local aquaculture? 


Linkage Evaluation 


Currently no fish farms are present in the Nemrut bay, therefore the jetty construction will have no 
direct or indirect impact on this kind of activity.  


Hence, the outcome of potential impact analysis is as follows: 


Direction: Not applicable  
Magnitude: Not applicable 
Geographic Extent: Not applicable 
Duration: Not applicable 


Key Question Socio-Economics-7: What effects will the Project have on the tourism industry in the area? 


Linkage Evaluation 


There are five touristic facilities in Aliağa, which have a designated total capacity of 188 beds. In 
addition a number of summer houses, resorts and beaches are located to the north of Aliağa Town 
and Aliağa Bay, and far south to the Project Site at southern coasts of Çandarlı Gulf, close to New 
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Foça Town. In particular from Cumhuriyet, located at about 6 km from the Project Site, to Yenifoca 
(New Foça Town), at about 8 km from the Project, several tourism facilities are present (e.g. Club 
Rose Bay Hotel, Alize Resort, Herzan Hotel). Facilities in Aliağa mainly have business purposes and 
do not overlook the Nemrut bay, therefore no impacts can be anticipated for these structures. On the 
other hand the resorts in Yenifoca, on the coastline opposite to the Project site, have leisure and 
recreational purposes, connected to the sea and to the beaches, which are considered cultural 
ecosystem services. Therefore any impacts on the sea and on the coastline caused by the Project 
could determine consequences on these facilities.  


Hence, the linkage is valid. 


Impact Analysis Results 


The Project will have specific potential impacts on the tourism industry as follows: 


• The construction of the jetty will cause alterations of the coastline and of the 
landscape, which will be visible from some portions of the coastline close to Yenifoca, 
where tourism facilities are present. However these facilities are quite distant from the 
Project site (approx. 6 km), therefore the impact will be limited (see below Table). 


• During the operation phase the increased ship traffic might determine impacts due to 
the visual presence of large ships. A partial improvement will consist in the fact that 
less ships will be stationed in the bay, compared to the current situation, with positive 
consequences from the visual point of view. 


• In addition during the operation phase, in case of incident, spill oil may occur with 
major impact on the sea and on the shoreline. The Oil Spill Spill Emergency 
Response Plan (see Section A.2)  has to consider the importance of the sea and of 
the beaches for the tourism facilities along the Southern coast (from Cumhuriyet to 
New Foça Town), in order to reduce possible negative consequence for the tourism 
industry.  


• Given that closure will not occur for at least 30 years and that the area is designated 
for ongoing industrial use, it is not applicable to comment in any detail possible 
tourism activities after closure.  
 


Without additional mitigation the impact would be as follows: 


 
Direction: Negative  
Magnitude: Low 
Geographic Extent: Local 
Duration: Long term. 


Mitigation 


With regards to the Project infrastructures planned, no mitigations will be possible to reduce the visual 
impact. With regards to the ship traffic, mitigations can be obtained if ships travel far from the coast, 
identifying appropriate routes so that the visual impacts for tourism facilities are reduced.   


With reference to the risk of oil spill the “Oil Spill Emergency Response Plan” (See Section A.2) has to 
consider the tourism facilities along the bay as sensitive area for ecosystem services and introduce 
necessary measures to limit this risk of impact. 


An explicit grievance mechanism will be developed for the Project, as described in the Stakeholder 
Engagement Plan (SEP) to invite feedback related to unpredicted community impacts. The grievance 
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mechanism can be also used as a tool to identify possible mitigation or compensation measures that 
might be necessary. The results of the grievance mechanism will be regularly reported. 


Residual Impacts 


Table E.3.4-6: Residual Impact Classification for Socio-Economics due to the interference to 
Tourism Industry during construction and operation 


Direction Magnitude Geographic Extent Duration Environmental Consequence  


Key Question Socio-Economics-1: What effects will the Project have on the tourism 
industry in the area? 


Negative Low Local  Long term Negligible 


 


 


Monitoring of Social Performance 


Monitoring is a long-term process, which builds from baseline surveys and begins at the start of the 
construction activities and continues throughout the life-time of the Project. Its purpose is to establish 
benchmarks so that the nature and magnitude of the anticipated social impacts can be continually 
assessed. Monitoring involves the continuous review of construction, operation and maintenance 
activities to determine the effectiveness of recommended mitigation measures, including those to 
optimize benefits. 


Simple monitoring systems will be set up during construction by the Public Relations Unit so that areas 
that have social impacts can be detected well in advance and the appropriate remedial action taken. 
This could simply be a checklist of items that need to be inspected as a matter of routine, or 
periodically, depending on the nature of the aspect. The types of parameters that can be monitored 
may include mitigation measures or design features, or actual impacts.  


An explicit grievance mechanism will be developed for the Project, as described in the Stakeholder 
Engagement Plan (SEP) and Appendix 10-1 to invite feedback related to unpredicted community 
impacts. The results of the grievance mechanism will be regularly reported. 
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E.4 Human and Ecological Health Risk Assessment 


E.4.1 Introduction 


The focus of this section of the ESIA is on potential health impacts that could arise from release of 
contaminants to water and air; these environmental media may also lead to exposure from indirect 
pathways such as ingestion of contaminated food and plants, which also need to be considered. 


E.4.2 Study Area 


The study area encompassed the same areas identified within the biophysical assessment which may 
potentially be influenced by the refinery development.  


E.4.3 Risk Assessment Approach 


The risk assessment is conducted with reference to established protocols endorsed by the United 
States Environmental Protection Agency (USEPA) (1989, 1998). The method starts with a qualitative 
initial phase (problem formulation), then as needed moves through exposure and toxicity analysis and 
culminates in quantitative risk characterization. The first step is therefore to determine whether a 
certain Project activity has potential to cause substantive change in environmental chemical 
concentrations that may affect health (i.e., linkage between a Project activity and adverse change in 
environment).  Subsequently, quantitative risk estimates would be calculated for scenarios where 
receptors, exposure pathways and substantive changes in environmental quality are plausible. The 
four main stages of HHERA are: 


Problem Formulation:  This step helps to focus the risk assessment on the chemicals, receptors and 
exposure pathways of greatest concern (i.e., chemicals with the greatest toxic potential; people with 
the greatest likelihood of being exposed and the greatest susceptibilities; exposure pathways that 
account for the majority of exposure to the chemicals).  If no unacceptable health risks are predicted 
for these, it is highly likely that no unacceptable health risks would also occur for other chemicals, 
receptors or exposure pathways. For this Project potential pathways via the aquatic and atmospheric 
environment will be considered.  


Exposure Assessment:  This quantitative step estimates the amount of a chemical that a person or 
animal may take into their body (referred to as a dose) through all applicable exposure pathways.  The 
dose of a chemical depends on the concentration in various media (e.g., air, water, soil and food), the 
amount of time that people or aquatic life may be in contact with these media and the physiological 
characteristics of the person or animal (e.g., ingestion rates, inhalation rates, body weights and dietary 
preferences). 


Toxicity Assessment:  This step determines the acceptable dose that people and aquatic life can be 
exposed to on a daily basis without risk of adverse health effects over a lifetime of exposure.   


Risk Characterization:  This step compares the results of the exposure assessment and toxicity 
assessment and determines whether there is a potential for chemicals from the site to pose a health 
risk. It puts the predicted risk into context so that stakeholders, regulators and interested readers can 
more easily comprehend the results. The uncertainty in the assessment is also described and the 
methods for dealing with that uncertainty are explained. 


Problem Formulation 
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The Aquatic Environment 


As described in the Aquatic Ecology baseline, no freshwater aquatic habitat exists on or near the 
Project site.  Thus potential linkage between Project water emissions and the environment is only for 
the marine environment. All wastewater produced by the Project during construction and operations 
will be collected and then treated before release. This includes wastewater from the construction 
camp, rainfall run-off from the refinery construction area, plus process water from operations. Water 
will be treated in an expanded waste water treatment plant within Petkim’s adjacent facilities and 
released to the sea along with Petkim’s water emissions. Given that the expanded waste water 
treatment facilities will be sized to handle Project wastewater and to meet emissions regulations, 
Project water emissions are predicted to be negligible or low magnitude. In addition, once additional 
design decisions are made, the expanded wastewater facility will be subject to a separate 
environmental assessment and permitting that would cover marine discharge from both the Project 
and Petkim’s facilities. The potential human and ecological health risk from this pathway are therefore 
not assessed further in this ESIA. 


The Atmospheric Environment 


Human Health 


It is via the atmosphere that health risks may exist from contaminants of potential concern (COPCs) 
generated by the Project. COPCs related to refineries include NO2, SO2, and H2S, particulates, metals 
and volatile organic compounds (IFC 2007). Existing air quality baseline conditions have been 
assessed through a number of studies in an area surrounding the Project site. These studies are 
described in the Air Quality Section and include baseline field measurements and regional modeling of 
current industrial emissions sources. For locations outside of the existing industrial sites in the Project 
area, baseline results and the Project impact case was summarized in Section C12: Air Quality.. At the 
present time ambient air quality guidelines with respect to human health are being met in the areas 
outside of Petkim and nearby industrial sites. However, the measured present values exceed the 
future target limits for SO2, PM10 and VOC. Likewise, the same is true when the Project’s air 
emissions are modeled and combined with baseline conditions. The concerns regarding air quality and 
health risks were a main finding of public consultation during field social survey. In addition, as 
mentioned in Section C9: Air Quality; Aliağa Regional Environmental Baseline and Assimilative 
Capacity Determination Project completed by Dokuz Eylül University in 2009 indicates that at Petkim 
Plant area and Aliağa Town carcinogenic risks are high due to chloroform, 1,2-dichlorethane, carbon 
tetrachloride, 1,1,2-trichlorethane and bromoform. The highest risk is due to 1,2-dichlorethane arising 
from Petkim. The study recommends regional improvement and monitoring measures. 


The existing health baseline in the project area was not vailable through reliable sources at the time of 
the study. As an indication of the existing health baseline in the project area the visits to the PETKIM 
company medical doctor was referred for any respiratory desease  complaints. The company medical 
doctor provides service to the PETKIM employees and families through the medical center at PETKIM 
facilities. In the year of 2011the total outpatient service number was 5702 and diagnosed asthma was 
5 people. The medical center serves the employee and the residents at Petkim londgements with a 
total number of 5600 people. As a refernce ; the percentage of the  outpatients diagnosed  with 
asthma in Turkey, in 2010 was 4.8%.  


 Not all potential COPCs have guidance values. STAR therefore proposes the following rational and 
scope for additional studies, risk assessment and monitoring: 


• The Project will promote and contribute to a regional human health risk assessment, 
with reference to airborne emissions from the Project plus those of Petkim and other 
existing industrial projects in the Aliağa area. A regional approach is required, so as 
to adequately quantify current and future human health risk. The plan for this 
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program will be subject to consultation with industrial stakeholders, government and 
local communities.  


• The first phase will be to obtain detailed recent emissions values for all individual 
COPCs for Petkim and other main industrial players. Individual COPCs will be 
determined from Turkish and International regulatory and guidance documents.  


• Similar data for the Project will be taken from final design specifications to be 
available during 2011. 


• Baseline exposure modeling will be conducted for individual COPCs. Results will be 
used to help assess the adequacy of existing mitigation for emissions and as needed 
point to areas for improved mitigation.  


• The Project case construction and operations phase exposure modeling will be 
conducted for any COPCs predicted to be both above a guidance value and 10% or 
more above baseline. Results will be used to assess the adequacy of proposed 
mitigation within Project design, and if needed to modify design.  


• An air quality monitoring program will be established at sensitive receptor sites in the 
Aliağa region, with emphasis on those parameters predicted to be closest to 
guidance limits. Development of the program and reporting of results will be subject 
to stakeholder consultation.  


Ecological Health 


As for human health, the main potential Project effects to ecological health are via atmospheric 
emissions. Terrestrial flora and fauna habitat is little represented in the LSA, but has more extent in 
the wider air quality study area (see Flora and Fauna baseline sections). Guidance values for SO2, 
NO2 and dust effects on vegetation were used in the Flora assessment (see Section D2: Flora) to 
identify potential impacts. As noted in the Flora assessment, Project impacts in the LSA are predicted 
to be low consequence. However, Project impacts are predicted to be just above mean annual 
guidance values for NO2 at Bozköy forest site on a hill approximately 10km south of the Project. For 
NO2, the vegetation guideline value over which effects are predicted is 30 µg/m³, averaged over a year 
(WHO, 2000). However, NO2 may have a beneficial effect (i.e., increasing growth) (Hutchinson and 
Meema, 1987; WHO, 2000) at low concentrations, in the range of 20-90 µg/m³ (Adam et. al., 2008).   


Using a similar rationale as for human health, neither additional baseline case nor Project impact case 
risk exposure modeling has been conducted at this time. However, bearing in mind community 
concerns regards air quality and the predicted elevated values on higher ground south of the Project; 
STAR proposes the following rational and scope for additional ecological studies, risk assessment and 
monitoring: 


• The regional approach to documenting baseline emissions from local industry will 
also provide data for ecological health risk assessment.  


• A pathway analysis for possible ecological receptors will be conducted, to check if 
any receptors in addition to forest vegetation should be considered.  


• Baseline exposure modeling will be conducted for individual COPCs. As for human 
health, results will be used to help assess the adequacy of existing mitigation for 
emissions and as needed point to areas for improved mitigation.   


• The Project case construction and operations phase exposure modeling will be 
conducted for any COPCs predicted to be both above a guidance value and 10% or 
more above baseline. Results will be used to assess the adequacy of proposed 
mitigation within Project design, and if needed to modify design.  


• The human health air quality monitoring program will be expanded to include 
sensitive ecological receptor sites in the Aliağa region, with emphasis on those 
parameters predicted to be closest to guidance limits. The forest area south of the 







 


STAR PROJECT 
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT REPORT – Final 


 


11513150061-ESIA-Final 429  


 


Project, where additional monitoring took place in 2010, will be included in the 
program.  


Mitigation 


All mitigations inherent within the Project design to minimize emissions of airborne pollutants will 
contribute to protection of human health offsite. The Project case impact predictions for both air quality 
and noise will be compared to the limits in regulations and additional guidance documents as 
described elsewhere in this ESIA, and used to determine the extent of an environmental protection 
strip around the refinery, wherein human activity would be restricted. Health protection strips are 
determined considering the predicted harmful effects of the facilities and associated contaminants on 
offsite environmental and human health. All relevant information from this ESIA will be considered and 
advice will be taken from the Turkish Health Ministry on the extent of the final health protection strip 
around the refinery before it becomes active. In addition the Project Site will be in an environmental 
fence and all refinery facilities will be in a security fence. Within the Project site occupational health 
and safety procedures for both normal and upset situations will be put in place to protect workers as 
described in the EMP (see Volume G).  
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E.5 Archaeology and Cultural Resources 


E.5.1 Introduction 


This section presents the environmental assessment for the effects of the Project on archaeology and 
cultural resources.  


E.5.2 Study Area 


The Local Study Area (LSA) used for the archaeology and cultural resources impact assessment 
comprises the Project Site. However, known sites of interest were also searched for within an 
approximate 10 km radius.   


E.5.3 Baseline Summary 


Methods 


A literature investigation was performed for the archaeological and cultural resources in the vicinity of 
the Project Site and in the region. As part of the social site investigations, Kyme Site, approximately 8 
km from the Project, was visited and an interview was made with the representatives of Izmir 
Directorate of Cultural and Natural Heritage. Environmental Impact Assessment Report for the 
Extension of Petkim Port includes assessment of potential port effects on Kyme Site. Also, air 
dispersion modeling results presented in Section C9: Air Quality were reviewed. The findings included 
in that report were reviewed and relevant parts were utilized. 


Baseline Results 


The Aegean Region of Turkey is rich in historical and archaeological sites dated to ancient times. 
There exist a number of archaeological and historical sites within İzmir Province. Located at the east 
coast of the Nemrut Bay, approximately 8 km southeast of the Project Site, the only known 
archeological and cultural property in Aliağa region is Kyme antique city. Kyme is registered as a third 
degree archaeological site. Third degree archaeological sites are the archaeological sites on which 
can be allowed modifications in line with the decisions taken by authorities.  


Archaeological digs are ongoing at the site. The site is made up of ten parts and some parts are now 
submerged under the sea.  


Locations of the Project Site and Kyme are shown in Figure E.5.3-1 . In addition, views from Kyme are 
shown in Figure E.5.3-2 . 


. 
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Source: Petkim Port Extension EIA Report 


Figure E.5.3-1 Project Site and Kyme Antique Site Locations 
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(Photo from Golder Site Visit) 


 


 
(Photo from Petkim Port Extension EIA Report) 


 


 
(Photo from Golder Site Visit) 


 
Figure E.5.3-2 Views from Kyme Antique Site 


No historical or cultural resources or pieces were observed during the site visits to the Project Site. 
Also, much of the surface of the Project Site has been cleared by Petkim as a firebreak. In addition, no 
archaeological pieces were found during the drilling works for geotechnical site investigations 
conducted for the Project.  


The Project Site is located adjacent to Petkim facilities. According to the information provided by 
Petkim representatives, no historical findings have been recorded during the construction works of 
Petkim facilities, which was established in 1978.   
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E.5.4 Impact Assessment 


Issue Scoping 


No known historical and cultural property is located at the Project Site. However, taking into account 
the historical characteristics of the region, there might be accidental findings of above ground or 
underwater archaeological pieces during the excavation works in the construction phase of the 
Project. The only known archaeological site in Aliağa is Kyme antique site. 


The main potential issues associated with the Project relating to archaeological and cultural resources 
are: 


• Destruction of unknown archaeological  material at the Project Site during construction of the 
Project; and 


• Disturbance of Kyme antique site during the operation of the Project.  


Based on these issues, the key questions for archaeological and cultural resources have been defined 
as: 


• What effects will the construction of the Project have on known and unknown archaeological 
sites?  


• What effects will the operation of the Project have on Kyme archaeological site?  


Key Question Archaeology - 1: What effects will the construction of the Project have on known and 
unknown archaeological sites? 


Linkage Evaluation 


Although no archaeological resources were observed at the Project Site, and no historical findings 
have occurred during Petkim construction activities in 1978; due to the historical characteristics of the 
region, it cannot be excluded that there are unknown buried or underwater archaeological pieces at 
the Project Site and surroundings, including the sea area affected by the jetty construction. 


Antique Kyme city does not lie adjacent or near to the Project Site; rather it is approximately 8 km 
away. Also, Kyme site and surroundings are not located in the routes that will be used for the 
transportation of the materials for the construction of the Project. Considering these points, Kyme 
antique city and surroundings will not be disturbed and hence, it is not expected that there will be an 
impact to Kyme during the construction of the Project. Linkage for potential impacts is invalid.  


Mitigation 


Due to the absence of specific marine studies on possible archaeological remains in the Nemrut bay, it 
is advisable that an archaeological study of the seabed affected by the project is performed by expert 
archaeologists, in accordance with the Izmir Directorate of Cultural Heritage, before the start of any 
construction activity. This investigation should be conducted using side scan sonar data, multibeam 
echosounder data, sub bottom profiler data and underwater video recording, which allow the 
identification of possible remains.  


As required by the Law for Protection of Cultural and Natural Estates (dated 1983 and numbered 
2863, amended by the Law numbered 5226) and its relevant regulations; should an archaeological 
and cultural property be found on the Project Site during land or sea excavations, all the construction 
activities will be stopped immediately and the Aliağa Governorate Office and the town museum will be 
contacted. Further construction activities will be conducted along with the instructions of the 
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authorities. A chance find procedure will be prepared in the scope of Environmental and Social 
Management Plan.  


Based on these evaluations and the commitment to chance find mitigation, no further assessment is 
required. 


Monitoring 


Monitoring will be carried out via observation for accidental archaeological finds during excavation. 


Key Question Archaeology-2: What effects will the operation of the Project have on Kyme 
archaeological site? 


Linkage Evaluation 


By taking morphological structure and distance between the Project Site and Kyme site into 
consideration, Kyme could be impacted mainly by emissions to be generated by the Project during 
operation. This linkage for potential impacts is valid and is therefore assessed further below. 


Impact Analysis Methods 


Kyme is registered as a third degree archaeological site. Third degree archaeological sites are the 
archaeological sites on which can be allowed modifications in line with the decisions taken by 
authorities.  


Golder Team interviewed the Izmir Directorate of Cultural and Natural Heritage to take their opinions 
on the potential impacts of the Project at Kyme. The representatives stated they are already aware of 
the Project and they were invited to the EIA Committee established by the former MoEF for the local 
EIA Project. They have the opinion that there will be no negative impact of the Project on Kyme.  


Impact Assessment Criteria 


The criteria for rating impacts for archaeology are presented below. 


. 


Table E.5.4-1: The criteria for rating impacts for archaeology and cultural resources 


Direction(a) Magnitude(b) 
Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 
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Direction(a) Magnitude(b) 
Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


positive,  


negative or  


neutral  


Negligible: Very minor 
changes to elements of 
setting. 
Low: Change to key 
archaeological 
elements, such that the 
asset is slightly altered. 
Slight change to setting.  


Moderate: Change to 
many key 
archaeological 
elements, such that the 
resource is clearly 
modified. Considerable 
changes to setting. 
High: Change to most 
or all key archaeological 
elements, such that the 
resource is totally 
altered. Comprehensive 
changes to setting. 


local:  effect 
restricted to the 
LSA 


 
regional:  effect 
extends beyond 
the LSA into the 
RSA 


 
beyond regional:  
effect extends 
beyond the RSA 


short-term: 
construction 


 
medium-term: 
operations 


 
long-term:  
>operations 


reversible  
or 
irreversible  


low:  occurs 
once 


 
medium:  
occurs 
intermittently 


 
high:  occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints, as defined for the specific component. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs. 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs. 


Impact Analysis Results and Residual Impacts 


The location of Kyme falls within a relatively low impact area, since it is some distance from the Project 
and is not on higher ground.  


Overall impacts due to the operation of the Project are predicted to be of negligible magnitude, have a 
regional geographic extent, medium term duration, and a high frequency as indicated below. 


Table E.5.4-2:: Residual Impact for Archaeology and Cultural Resources 


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question 2: What effects will the operation of the Project have on Kyme archaeological site? 


Negative Negligible Regional Medium 
term Reversible High Negligible  


 


Monitoring 


No monitoring activities will be performed. 
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E.6 Visual Aesthetics 


E.6.1 Introduction 


Visual aesthetics assessment was conducted to evaluate potential changes to the visual environment 
that could result from the Project. 


This study was carried out using the Geographical Information System (GIS) techniques in order to 
best illustrate the visibility of the Project on the landscape.  


E.6.2 Study Area 


The Local Study Area (LSA) for visual aesthetics is an area within a 7.5 km buffer zone. This study 
area is designed to include the limits of the area in which the Project area is close enough to be a 
prominent visible feature within the local terrain. Some consideration of sensitive view-points out-side 
of the LSA is also included.  


E.6.3 Baseline Summary 


During the site visit, it was observed that visual aesthetics impact will possibly not be an issue for the 
closest settlements to the south as the distance is over 8-10 km. Observations were made in August 
2010 of the site from Aliağa Town to the East and Yenifoça Town to the south and photos were taken 
from known points. Aliağa town already looks towards to the Petkim Petrochemical Complex and 
nearby Tüpraş İzmir Refinery. 


E.6.4 Impact Assessment 


Issue Scoping 


During construction and operation phases, vegetation will be cleared, landscape features will be 
altered, and industrial buildings will be constructed.  


Key Question Visual-1: How will the Project affect Visual Aesthetics? 


Impact Analysis Methods 


The visual impact of a new development is measured as a visible change to the landscape. For a 
potential development, the following must be determined: 


• Who (what viewpoints) will be able to see the change? 


• What will the change look like? 


• Will the development compromise views in the area? 


The first question is answered for the LSA by conducting a GIS-based analysis of new, potentially 
visible, features. The second and third question is answered by considering the distance between 
viewpoint and impact, and by understanding the appearance of the impact. The third question is also 
an issue of perception by local viewers. It is discussed in the context of consultation and changes the 
development will have over baseline.  
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The following figures were generated using the remote sensed images and photos taken during the 
site visit and the visual assessment; 


Figure E.6.4-1 : Three Key Points Selected for Visual Assessment  
Figure E.6.4-2 : Viewpoint 1, View From Southeast to Northwest   
Figure E.6.4-3 : View From Southeast towards Northwest –taken from a higher elevation 
Figure E.6.4-4 : View From Southeast towards Northwest  
Figure E.6.4-5  :View from North to West  
Figure E.6.4-6 : From Northeast towards Southeast  
Figure E.6.4-7 : Viewpoint 2 
Figure E.6.4-8 : Views of Petkim from Summer Houses at New Foça Town  
Figure E.6.4-9 : View From Aliağa Town to Petkim and STAR Site 
Figure E.6.4-10 : Viewpoint 3 (View from Aliağa Town to Petkim and STAR Site) 
Figure E.6.4-11 : Views from South to North 
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Figure E.6.4-1 Three View Points Selected for Visual Assessment 
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Figure E.6.4-2 Viewpoint 1 (View from Southeast to Northwest) 
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Figure E.6.4-3 View from Southeast towards Northwest (taken from a higher elevation) 
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Figure E.6.4-4 View from Southeast towards Northwest 
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Figure E.6.4-5 View from North to West 
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Figure E.6.4-6 View from Northeast towards Southeast 
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Figure E.6.4-7 Viewpoint 2 (from south to the Project Site) 
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Figure E.6.4-8 Views of Petkim from Summer Houses at New Foça Town 
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Figure E.6.4-9 View from Aliağa Town to Petkim and Project Site 
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Figure E.6.4-10  Viewpoint 3 (View from Aliağa Town to Petkim and Project Site) 
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Figure E.6.4-11 Views from South to North - refinery 
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Figure E.6.4-12 Views from South to North - jetties 
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Impact Assessment Criteria for Visual Aesthetics  


Direction Magnitude(b) Geographic 
Extent(c) 


Duration(d) Reversibility(e) Frequency(f) 


Positive: change 
in landscape to 
more natural 
appearance 
 
Negative: change 
in landscape to 
less  natural 
appearance 
 


negligible:  no 
measurable effect on 
visual aesthetics  
 
low: key viewpoints 
allow distant or minor 
views of project effects 
 
moderate: key 
viewpoints allow direct 
but not overwhelming 
views of project effects 
 
high: key viewpoints 
allow for close-in 
overwhelming views of 
project effects (views 
representing a large 
portion of the visible 
landscape)  


local:  effect 
restricted to 
the LSA 
 
regional:  
effect 
extends 
beyond the 
LSA  
 


short-term: 
construction 
 
medium-
term: 
operation 
 
long-term:  
post 
operation  


reversible  
 
or 
 
irreversible  


low:  views 
occur rarely 
 
medium: 
views occurs 
intermittently 
 
high: views 
occurs 
continuously 


(a) Direction: positive or negative effect for measurement endpoints. 
(b) Magnitude: degree of change to analysis endpoint.  
(c) Geographic Extent: area affected by the impact. 
(d) Duration: length of time over which the environmental effect occurs (considers a 4-5 year construction period 


and a 45-year operations period) 
(e) Reversibility: effect on the resource (or resource capability) can or cannot be reversed. 
(f) Frequency: how often the environmental effect occurs.  


Impact Analysis Results 


All viewpoints determined for the study are listed in the Table E.6.4-1:  below: 


Table E.6.4-1: The Viewpoints for the Study 


Point Location Vertical Distance to the Project Area 


1 Petkim Lodgments  800 m 


2 Holiday houses at Yeni Foça Town 7.4 km 


3 Aliağa Town  3.45 km 


As seen from the figures, view of industrial area including Petkim and Tüpraş occupies the region, 
especially as seen from the Keypoint 3 selected at Aliağa Town and Keypoint 1, Petkim Lodgments. 
The existing facilities of the Petkim are observed from the summer houses located at southwest, Yeni 
Foça Town, Keypoint 2. 


Mitigation 


During the construction and operations, shielded lights will be used at the Project facilities, and the 
lights will be directed downwards and so away from the nearest residential areas and the forest area 
on the peninsula, to minimize effects on both people and wildlife.  


At the end of construction, the campsite will be decommissioned and any waste from these facilities or 
construction materials will be properly disposed of.  


During the operations, landscaping will be ensured. Slope design and erosion control will minimize 
short and long term erosion. Re-vegetation with native species will be applied as much as possible 
(see also the Flora Section).  
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Residual Impacts 


Based on assessment of visual aesthetics from each of the key points listed above, it is predicted that 
the overall environmental consequence is low. Impacts at Aliağa Town are also predicted to be low 
magnitude, since although closer, the Project, refinery and the marine structures  will be shielded by 
existing refinery development. Visiual impacts of the marine sructures at Yeni Foça summer houses is 
a possibility. However, impacts will be low magnitude because of distance and partial screening by 
topography and existing development. Impacts at Petkim lodgments are not formally assessed since 
the STAR Project is to be linked to Petkim within an industrial area. However, existing Petkim facilities 
including Port will shield the new development somewhat and as described elsewhere (see Flora 
Section), accent planting of vegetation will be made which could mitigate visual impacts further. 


 


Table E.6.4-2:  Residual Impact Classification for Visual Impacts 


Direction Magnitude 
Geographic 
Extent 


Duration Reversibility Frequency Environmental Consequence  


Key Question Visual - 1: How will the Project affect visual aesthetics? 


Negative Low  Local  
Medium 
to Long-
term 


Yes High Low 


Monitoring 


No monitoring is planned specifically for visual aesthetics. . 
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E.7 Human Rights 


The project is committed to be in compliance with legislative requirements including the international 
conventions and the standards ratified by Turkey. (see section A.2) 


This commitment with the implementation of the required management system elements as such: 


• The grievence mechanims 


• Human resource policy and  procedures 


• Stakeholder engagement 


• Continuous monitoring of labour working conditions 


• Provision of the labour working conditions in compliance with all regulatory 
requirements 


• Monitoring plans for the project activities including the parameters relevant to 
human health 


Supply chain management will ensure the adequate management of  the risks of the project on human 
right. 


STAR will monitor the implementation of the management system tools applicable to human rights and 
the reported grievences and will perform a detailed Human Rights Duea Dilligence and Human Rights 
Risk Assessment in the following stages of the project if the monitoring results indicate a necessity. 
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VOLUME F: CUMULATIVE IMPACT ASSESSMENT 
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F.1 Approach and Methods 


IFC Performance Standard 1 (2006) notes that the scope of the cumulative impact assessment should 
be commensurate with the extent of cumulative impacts anticipated. This gives good direction to 
produce a focused assessment, considering only relevant disciplines. Cumulative effects are defined 
as: “changes to the environment that are caused by an action in combination with other past, present 
and future human actions”. Under this definition “actions” include human projects and activities. 


This cumulative effects assessment (CEA) is limited to those residual effects (post mitigation) resulting 
from past, present or reasonably foreseeable human activities or actions which occur within the area 
where a linkage between the residual effects resulting from the activities related to the Project and the 
residual effects of other actions occurs. 


In general, the following steps are conducted for the CEA: 


• Foreseeable projects that will supplement the Project with a third party service or other 
independent projects proposed in the region to be considered in the CEA are identified and 
described. There must be a reasonable potential that the other projects’ impacts will overlap 
with those of the Project in time and/or space. If this overlap is not apparent, then a CEA is not 
warranted. 


• Residual effects from the Project as identified in the effects assessment are carried forward into 
the CEA. Residual effects that are rated as negligible or low in the impacts assessment are not 
carried forward in the CEA unless identified as a concern/issue during consultation with 
stakeholders or regulators. Residual effects rated as moderate and high are carried forward into 
the CEA. 


• Incremental effects associated with other projects are identified and cumulative effects 
assessed.  


Study Area 


For cumulative effects to occur, residual impacts from the Project need to overlap with residual 
impacts from other foreseeable projects. Because of this for biophysical impacts, the largest potential 
impact area is used for the CEA that is the air quality study area. For social disciplines, a hierarchy of 
areas is considered as has been done for the socio-economic impact assessment.  
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F.2 Cumulative Impacts with Third Party Services for the Project 


Water Supply 


As mentioned in 0-Water Supply, the required water for the Project will be received from Petkim. 
Petkim provides its water demand from Güzelhisar Dam which is located at 15 km to the east of the 
Project Site (Figure B.1-2 ) and has been constructed by DSİ for the use of Petkim. Petkim has an 
allocation of 1,830 l/s (or 73.2%) water for the Dam’s water. At present, Petkim utilizes some 1,000 l/s 
of its total allocation, 600-700 l/s being Petkim’s use and 300-450 l/s supply to other industries in the 
region such as Tüpraş İzmir Refinery and Petrol Ofisi Oil Terminal. Thus, Petkim is in the position to 
supply the 220 l/s operational water demand of the Project through its water allocation at Güzelhisar 
Dam. 


It’s predicted that no additional transmission line will be needed between Güzelhisar Dam and Petkim. 
Petkim will transfer the water to the Project Site through a new transmission line to be constructed for 
the Project (Figure B.1-3). The transmission line will be constructed with the other infrastructure 
systems for the Project, hence the construction phase impacts were already considered in the scope 
of the Project’s construction phase impacts.  


No additional impacts are envisaged associated with the water supply for the Project. 


Based on the above assessment, and considering results from the Project assessment, it is concluded 
that the Project impacts do not have the potential to combine with water supply impacts to produce 
higher levels of environmental consequence than those predicted for the Project alone. Thus no 
additional mitigation is required to consider potential cumulative effects.  


Electricity Supply 


STAR refinery will be fed from National Grid (TEİAŞ) by means of two 154 kV feeders. No additional 
impacts are envisaged associated with the eletricity supply for the Project. 
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F.3 Potential Cumulative Impacts with Other Expected Projects in 


the Region 


Planned Projects in the Region 


A number of new industries are planned in Aliağa region. These include new projects as well as 
capacity increases for the existing plants. Golder investigated the proposed projects through the list of 
the Projects within the EIA process and list of the Projects for which EIA final decisions were made 
both published by MoEU (and the former MoEF). The major proposed projects in the region are listed 
below: 


Energy Projects - received EIA approval 


• Çakmaktepe Natural Gas Power Plant of 283 MW capacity, located at some 10km northeast to 
the Project Site (approved in 2010, completed and recently started operations);  


• Enka Coal Fired Thermal Power Plant of 800 MW capacity, located close to Çakmaklı Village at 
some 10 km south to the Project Site, west to the Nemrut Heavy Industry Zone (approved in 
2010); and 


• İzdemir Coal Fired Thermal Power Plant of 350 MW capacity, located close to Horozgediği 
Village at some 10 km south to the Project Site, west to the Nemrut Heavy Industry Zone 
(approved in 2010). 


Energy Projects - ongoing EIA process 


• Aliağa (Ege Elektrik) Natural Gas Combined Cycle Power Plant of 470 MW capacity;  


• Çakmaklı (Işıksu Enerji) Natural Gas Power Plant of 420/430 MW capacity; and 


• Habaş Fossil Fuel Fired Steam Generator. 


• Socar Power Enerji Yatırımları Coal Fired Thermal Power Plant of 600 MW capacity 


Other Projects 


Other projects for new facilities or capacity increase for the existing facilities in the region for which 
EIA was approved or ongoing include the following: 


• Electrical power transmission lines; 


• Foundry facilities; 


• Iron-steel plants; 


• Petroleum and LPG storage facilities; 


• Cement grinding and packaging plants; and  


• Port facilities.  


In addition, Petkim is planning to establish a 25 MW capacity wind farm at the forestry area adjacent to 
the Project Site. An energy production license was recently obtained for the proposed wind farm. EIA 
permission of the project is obtained from MoEU.  


Although the Enka Coal Fired Thermal Power Plant and İzdemir Coal Fired Thermal Power Plant 
projects have obtained development consent with the approved EIA, there exists a strong public 
opposition to the project because of the potential air impacts from the combustion of coal. There is an 
ongoing case against the project. 
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Potential Air Impacts of the Planned Projects and Cumulative Impacts 


Aliağa Regional Environmental Baseline Study, that was described in Section C.12: Air Quality, 
conducted the following air modeling studies for the major proposed plants based on their estimated 
emissions:  


• SO2 dispersion from the Enka Coal Fired Thermal Power Plant of 800 MW capacity; 
• SO2 dispersion from the İzdemir Coal Fired Thermal Power Plant of 350 MW capacity; 
• Cumulative SO2 dispersion from the 2 Coal Fired Thermal Power Plants; and 
• NOx dispersion from the Natural Gas Combined Cycle Power Plant of 450 MW capacity. 


The relevant dispersions for the power plants are provided in Figure F.2-1 to Figure F.2-4.  


 


Figure F.3-1 SO2 Contribution of Enka 800 MW 
Coal Fired Thermal Power Plant 


 


Figure F.3-2 SO2 Contribution of İzdemir 350 MW 
Coal Fired Thermal Power Plant 
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Figure F.3-3 Cumulative SO2 Contribution of the2 
Coal Fired Thermal Power Plant 


 


Figure F.3-4 NOx Contribution of 450 MW Natural 
Gas Fired Combined Cycle Power Plant 


 


The results of the Project impacts assessment for air quality (Section C: 12) indicated that contribution 
of the Project to air pollution and associated environmental consequences will be in low levels, with 
the implementation of required mitigation measures. However, there is a high potential for cumulative 
air quality impacts to occur between the Project, its third party services and foreseeable additional 
projects in the Aliağa region.  


Owing to the deficiency of available data (such as 24-hr values of SO2 and NOx) for understanding 
existing baseline in the region, as described in Section C9, no quantitative assessment has been 
made to predict the magnitude of potential cumulative effects. Rather these results emphasize the 
need to proceed in an integrated way with other industries, government and stakeholders, in 
undertaking a definitive regional long term monitoring program to describe regional baseline air quality 
using continuous measurement devices. Those data can then become an agreed baseline at the 
present time against which to model predicted effects of individual and multiple new projects and to 
judge the adequacy of technical mitigations and the ability of the area to accept additional industry of 
various types. 
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VOLUME G: ENVIRONMENTAL AND SOCIAL 


MANAGEMENT PLANS 
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G.1 Environmental and Social Management Plan Structure 


Environmental and Social Management Plan (ESMP) for the Project will be facilitated by Project-
specific Environmental and Social Policies including overall principles towards environment, 
biodiversity, labor, health and safety, and public health issues. The ES policies and ESMP will ensure 
that the Project: 


• complies with all applicable Turkish legislation as well as Equator Principles, EU legislation and 
relevant IFC guidelines provided in the ESIA as wells as further framework developed to date; 


• implements internationally recognized best management/industry practices and best available 
techniques to minimize potential environmental and social impacts during the construction, 
operation and closure phases; 


• complies with the commitments addressed in the ESIA to minimize the expected potential 
environmental and social impacts; 


• adheres to high standards of safety and care for the protection of the employees and public;  


• promotes its policies through training, supervision, regular reviews and consultation; 


• maximizes the use of local and regional labor forces to the extent feasible, to maximize local 
socio-economic benefits;  


• implements a stakeholder engagement program to engage the local community in the Project 
activities at all phases; and 


• supports and participates to any regionally decided protection, mitigation and monitoring plans 
for Aliağa. 


As a general principle, Project’s ESMP will benefit from the environmental and social management 
policies, procedures, and standards implemented by existing Petkim Petrochemical Complex (majority 
shares owned by a sister SOCAR company) where applicable and appropriate for the Project; to be 
able to hold consistent corporate principles. However, Project-specific procedures will be employed 
where required. 


The objective of the ESMP that was developed at this phase is to define the initially developed 
practices that will be followed by to achieve the expected social and environmental performance as 
identified in the ESIA. The ESMP describes the initially developed mitigations that will be applied to 
eliminate or minimize potential negative impacts, enhance positive benefits and monitor activities to 
track performance; and the system to be established to implement the addressed mitigations.  


The mitigations proposed in the ESMP will be subjected to disclosure and consultation during the 2nd 
Round Public Hearing Meeting. Further development of the mitigations, especially the social 
components, might require detailed planning with contractors and stakeholders, to ensure that Project 
activities are well integrated into the existing local conditions and initiatives. That level of planning will 
mainly take place after the appraisal phase. 


The management procedures, in general, acknowledge the key elements used to implement a 
standard management system, including a breakdown of the corporate structure and responsibility 
chain, training requirements, communication and documentation control, schedule allotted to maintain 
the management plan as well as auditing, inspection and corrective and preventative action plans.  


The ESMP developed for the Project consists of the following three individual plans: 


• Environmental Management Plan ensures that all Project interactions with the physical and 
biological environment are managed effectively to minimize the Project’s residual impacts on 
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the environment. This also includes opportunities to enhance environmental benefits through 
environmental programs. 


• Labor and Health & Safety Management Plan ensures that the working conditions and 
activities engaged by the employees are conducted in a way that minimizes potential sources of 
hazards to the human health and safety. 


• Social Management Plan ensures that all Project interactions with the community are 
managed effectively to minimize the Project’s residual impact on local, regional and national 
community as well as cultural heritage while maximizing the potential benefits. 


The plans are further separated into the plans for the construction, operation and closure phases of 
the Project life, including required mitigations as well as monitoring to evaluate the performance. 


The ESMP included here provides a framework for the general management issues. As the Project 
progresses, details of the ESMP will be further developed. Management plans and specific work 
instructions necessarily become increasingly detailed and technical at deeper levels within the 
planning hierarchy. A phased approach to the development of these plans is required to ensure that 
they are optimal for their purposes. An extreme example of this need concerns closure, where a 
progressive approach to plan development will ensure that up to date practices are implemented at 
that future time. 


Table G.1-1:  summarizes the breakdown of the individual management plans in the ESMP. Specific 
plans will be developed for main discipline components and sub-components as required for the 
Project Site and each phase of development. The ESMP will ensure that management plans and 
specific work instructions are available for staff and contractors as required in advance of construction, 
operations and closure.  


Table G.1-1:  Hierarchy of Management Plans within the ESMP 


Main Plan Discipline Main Components 


Environmental 
Management Plan 


Physical Natural Hazards 


Soils 


Water  


Air  


Noise  


Waste  


Traffic  


Biological Flora  


Fauna  


Aquatic Ecology 


Biodiversity and Protected Areas 


Labor and Health & Safety 
Management Plan 


Labor Employment - Human Resources 


Working Conditions 


Grievance 


Health & Safety  


Social Management Plan Social Socio-Economics 


Archaeology and Cultural Heritage 
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During the Site-Prep studies 12 safety technicians and 2 safety engineers of STAR HSE Directorate 
has been assigned by STAR Refinery. Site prep studies are being control by the 2 patrol safety 
technician is in the each shift and 4 daily personnel. All of the safety technicians has joint to the safety 
and fire training programme for 2 months by PETKIM HSE Department. 


Security Management Plan: 


 In addition the management plans referred to in the above section, a security management plan will 
be developed by STAR. This plan will be a part of the site specific HSE plans and procedures. This 
plan will as a minimum address the use of security personnel (including contractors) and how security 
will be managed and not endanger the community safety and security. 


The Security plan for the construction and operation phases will be subject to approval of project 
parties and local authorities and will be processed as below: 


Under current conditions the security plan prepared by the Site-Prep contractor and approved by 
Owner. Security Plan is also submitted to the the Izmir Governorship by Site-Prep  Contractor. Site-
Prep  Contractor has signed the contract with third party (security company). 


During the Site-Prep studies the security personnel assigned by the security company is as below: 


At each shift; there - are 2 security personnel at the Gate 1. There  are 2 mobile security personnel for 
the shole site. There are 4 security personnel at the guard towers. Total number of the security 
personnel is 31 . 


During the construction Phase temporary fence will be installed in the period of construction. CCTV 
and related security items will be installed by Contractor. Security Plan will be prepared by EPC, 
approved by Owner. Security Plan will be submitted to the Izmir Governorship by EPC Contractor. 
EPC Contractor shall sign a contract with third party (Security Company). - According to the security 
plan, 8 permanent guard towers will be allocated. Turnstiles will be installed in each gate according to 
the security plan. 


After Construction Phase;  


Security Plan will be submitted to the Izmir Governorship by Contractor by STAR. - Refinery fence will 
be installed after construction except forestry side. For forestry side, forest fence will be implemented. 
Temporary fence will also be kept its position in the operation phase. CCTV cameras will be used by 
STAR security team. 
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G.2 Overall Environmental and Social Management Mechanism 


The following overall management mechanism will be established for the Project in order to implement 
the ESMP: Supporting environmental and social documentation in the form of manual and prosedures 
is given in Appendix 10 and Appendix 10-1. The documentation presented in Appendix 10 and 
Appendix 10-1 has been prepared with an aim to provide framework for Environmental and Social 
Management. This documentation is mainly based on existing management systems at Petkim facility. 


The detailed management system procedures and implementation plans for the construction will be 
developed by the contractors based on the commitments given in this ESIA documentation and the 
documentation provided in Appendix 10 and Appendix 10-1. These system procedures, plans and 
related documentation will be subject to STAR approval before being implemented. 


Organization - Roles and Responsibilities 


The efficient implementation of an HSE Management System requires a well defined organisation and 
clearly described responsibilities particularly for HSE. 


Every project party involved in the project shall define their organisation for the project for the 
execution of the HSE related activities to be in compliance with HSE requirements of the project.  


In that respect the ultimate responsibility of performing the project activities in line with Project 
Environment, Health, Safety and Social requirements lie with the project owner i.e. owner project 
management. 


The STAR project Owner organization for Health, Safety, Environment and Social is given in Figure 
G.2-1 . 


 


Figure G.2-1 Organisation chart for the Environmental, Social, Health and Safety Management 
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The Project Management 
The Owner Project Management will: 


• Provide resources the implementation of the Project Environment, Health, Safety and Social 
Management System described ; 


• Encourage the proactive involvement of all project personnel in executing the management 
program; 


• Verify that employees are aware of and understand their Environment, Health, Safety and 
Social Management System responsibilities; 


• Oversee Environment, Health, Safety and Social performance on the project. 


HSE Manager 


For the day to day implementation of the management system elements, STAR will appoint an Health, 
Safety and Environment (HSE) Manager reporting to the project management. The HSE Manager will  


• Report to the HSE Manager on the H&S performance of the site teams 


• Audit the HSE teams of the Owner at site 


• Ensure that the HSE training programme is in place 


• Establish a safety committee representing the various trades. The Committee will meet 
periodically, to discuss safety issues and make recommendations. The Committee shall be 
involved in site safety inspections 


• Monitor the performance of the H&S programme and initiatives introduced throughout the 
project 


• To liaise with the Site Engineering and Construction/site preparation Supervision to ensure that 
he is involved and kept informed of all site activities, including work method statements and risk  


Environmental and Social Officer (ESO) 


There will be an Environmental and Social Officer (ESO) for the Project reporting to the HSE Manager 
in the beginning of the pre-construction/site preparation activities.  


The ESO will: 


• Supervise the implementation of overall environmental and social mitigation activities defined by 
the ESMP.  


• Be the STAR point of contact for Contractors as well as for Project stakeholders including the 
Governmental Authorities, Municipality, NGOs and the local community.  


• Provide Environmental and Social  Administrative support for the HSE Manager 


• Coordinate and maintain the preparation of plans, procedures, work instructions etc. 


• Manage and audit the personnel under his control and ensure they have the required training. 


• To establish an inspection/audit  scheme and review the results of inspections/audits and 
identify any issues and deficiencies, to be brought to the attention of the management.  


The Contractors will report to ESO all the environmental and social issues and performance related to 
the Project. 
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A Community Relations Officer (CRO)  


The CRO (reporting to the ESO), will act as an interface between STAR, contractors and the local 
community. He/she will function as a focal point for resolution of community complaints and 
grievances, and will also organize required meetings with the national/regional authorities. While 
implementing the community liaison program, he/she will organize meetings with the national and 
regional authorities on issues related with the project. STAR CRO will provide advice and support to 
the Contractor CRO about the emerging community issues. STAR CRO will record community related 
issues and report the activities of community liaison.  


Auditing Supervisor 


The Auditing supervisor will ensure the project works have been audited at routine intervals against 
the project requirements. 


The auditing supervisor will report to the ESO. 


Health and Safety Officer 


The Health and Safety Officer will; 


• Provide H&S Administrative support for the HSE Manager 


• Coordinate and maintain the preparation of plans, procedures, work instructions etc. 


• Manage and audit the safety personnel under his control and ensure they have the required 
training. 


• To establish an inspection/audit  scheme and review the results of inspections/audits and 
identify safety issues and deficiencies, to be brought to the attention of the management.  


• Co-ordinate the investigation of any incident and identify any trends relevant to incident 
investigations  


• Perform / Update assessments of health risks 


• Prepare the Project Medical Plans and Procedures 


• Review Contractor Plans, Procedures, Work Instructions, Method Statements and Risk 
Assessments, including TSA’s 


Health Supervisor 


The Health supervisor will: 


• Review the results of inspections of the site to identify health or medical issues and deficiencies, 
and to advise the Health and Safety Officer. 


• With support of contractor Project Medical Services and appropriate subcontractors, coordinate 
the preparation of Health and Medical procedures  for the site preparation phase activities 


• Supervise all health related issues in accordance with subcontractors 


• Monitor and track all personnel Health and Medical issues, associated with the Project  


Safety Supervisor 


The Safety Supervisor will: 
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• Interpret the requirements of the other H&S Plans, Procedures, Work Instructions etc. for the 
benefit of the Site Managers 


• Confirm with the Site Manager the potential severity of all Incidents, specifically Near Miss 
incidents 


• Act as a team member of all Incident Investigation committees 


• Participate in Site Audits / Inspections in conjunction with the Project Audit and Inspection 
Programme 


• Coordinate the training programme for the site safety inspectors 


• Develop, assist and conduct on-site H&S training for all levels of personnel ensuring a 
consistent  


• Conduct daily H&S inspections of all worksite and storage areas associated with the site works 
programme 


• Collate all Key Performance Indicator data and transmit on a weekly basis  


• Attend toolbox talks on a regular basis  


• To participate in daily site  meetings  


Inspectors and Firefighting Team 


They will be directly report to the Safety Supervisor.  


The inspectors will be actively performing the scheduled site inspections and report the findings to the 
Safety Supervisor. 


The Firefighting team will be responsible to take the necessary actions during the fire emergency 
situations. 


Contractor Organisational Requirements 


The Contractors will report to HSE all the Environmental and Social and Health and Safety issues and 
performance related to the Project. 


In the execution of the works under the Construction/site preparation Contracts, the Contractor shall 
comply with the relevant environmental requirements detailed herein and the project EIA and ESIA . 
The Contractor shall implement and demonstrate compliance with these requirements at all times. 
Unless notified as exempt from STAR Rafineri A.Ş., Contractors must submit an Environmental 
Management Plan (EMP) that meets STAR Rafineri A.Ş. Minimum Environmental Standards for 
Construction/site preparation Contracts and specific project requirements stated in this document. The 
Contractor shall appoint an Environmental Representative (ER) for the Project Site; and nominate an 
Alternate ER to delegate the responsibilities when the appointed representative is off site. Contractor’s 
personnel shall receive a Project Site induction including Project’s environmental requirements 
delivered by STAR, prior to commencing work on site. Contractor’s personnel, who will have jobs with 
significant environmental risks, shall receive a specific environmental training in addition to the 
induction. This training shall be delivered by the Contractor, with the support of STAR ESO.  


The Contractor’s appointed ER is responsible for internal environmental site audits and inspections. 
Non-conformances and hazards identified by the Contractor during inspections shall be documented, 
addressed with appropriate corrective and preventive actions. All active work areas shall be inspected 
by the Contractor’s supervisors on a weekly basis as a minimum. All contractors shall report 
environmental events, near-misses and potential hazards within an agreed timeframe. The definition 
of the environmental events shall be documented and communicated to the Contractor’s personnel.  
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Take appropriate immediate actions to minimize the extent of environmental damage and pollution 
arising from events. 


The Contractor shall identify the events with a potential of significant environmental impacts and 
prepare appropriate response plans for the mitigation of such impacts. As a minimum the emergency 
response plan shall address events and impacts of major hydrocarbon and chemical spills, natural 
hazards of flooding and earthquake, and fire; and provide adequate equipment and materials to 
effectively manage emergencies. 


Regarding the detailed HSE Management system elements, organisational requirements of the 
contractor is given in the following sections. 


The interaction between the project Owner and the Contractor is given in below Figure.  


 


Figure G.2-2  Interaction with Owner and Contractor organizations 


PMC HSE TEAM 


The project management consultant will establish and HSE team composed of PMC HSE Manager 
and PMC HSE officer.  


They will report to the STAR HSE Manager and provide guidance and assistance to the STAR HSE 
Manager for the establishment, implantation, maintenance and monitoring of the project HSE 
Management system, programme and the action plan. 


Elements of Environmental and Social Management System 


Risk Assessment and Risk Register 


A risk assessment study will be conducted in the beginning of the construction / pre-construction 
works to prepare a detailed risk register identifying the potential environmental, health & safety and 
social risks associated with the individual work items. Working place risk sources may be grouped 
according to the works performed or activities executed, processes, materials used, work equipments, 
employees, and working environment.  


Risk assessment works at a working place should be conducted at the stage of commencing to work; 
in case there is a change in working place; after job accident, profession illness or any event; and 
periodically as required. 
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Training and Awareness 


All personnel, including contractor’s personnel, will receive a level of environmental and social training 
appropriate to their job functions. Training will include awareness of Project policies, regulatory 
framework and conformance to the ESMP. The potential environmental impacts associated with their 
jobs will be addressed. Conformance to procedures will be emphasized. Training will be integrated 
with health and safety, spill response and emergency response programs. Basic training programs for 
the employees will include but not ne limited to the following: 


• Site security 
• Environmental protection 
• First aid 
• Firefighting 
• Health and job security 
• Use of chemical agents 
• Risk assessment 


Communication of Environmental and Social Issues 


A system will be established to communicate internally and externally regarding environmental and 
social issues. The system will be capable of communication to others, to receive information, to 
document information and to respond. Lines of communication within STAR and the specific 
individuals responsible for responding to the various types of inquiries will be identified. External 
communication issues are provided in Stakeholder Engagement Plan (SEP). 


Document and Record Controls 


A document and record keeping procedure will be established to maintain the summary of all 
environmental and social activities and results. The records will include mitigation, monitoring and 
reporting needs, such as sampling, analytical data, incident reports, communications, etc.; and 
performance, training, communications and audits. These documents will be readily accessible for 
review and audit. 


Corrective Actions 


Procedures will be established to investigate any non-conformance with the requirements and 
necessary adjustment to correct and prevent further occurrence.  


Inspections and Audits 


A system will be established to conduct periodic audits of the environmental and social management 
plans, their effectiveness, implementation and maintenance. 


Budget 


Budgets will be established to meet the needs and requirements of the ESMP for the life of the 
Project. A refined budget will be established annually to address the tasks to achieve the requirements 
to address environmental and social management. 


Monitoring and Reporting 


Environmental and social reporting is a requirement of the IFC and will be done by STAR at a 
minimum annually. An environmental and social audit will be done by a third party and a report will be 
prepared including the compliance status of the environmental and social issues against the regulatory 
framework and Project commitments and the status of the performance indicators. 


Management of Change 
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Procedures will be in place for the management of the changes in the project. Such changes will 
include: 


• New permitting requirements 


• Revisions in the operational processes that may create Health, Safety and Environmental 
hazards and associated risks 


• Changes in HSE critical equipment 


The purpose of these procedures will be evaluate the changes in design, process and regulatory 
requirements in terms helath, safety, environment in order to minimize the possible risks encountered 
with these changes. 


The procedure will describe in detail the system in place for the management of changes. The 
proposed system by STAR as a minimum will include: 


• The identification and definition of change 


• The evaluation of the changes in terms of technical, organizational, resource requirements. 


• The approbal of the changes with the proposed control measures in order to minimse the 
associated risks 


• The implementation of the changes 


• The control/verification/validation of the effectivity of the proposed mitigation measures. 


The details of the management of change system will be part of the detailed management plans to be 
developed before construction and operation. 
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G.3 Environmental Management Plan 


Proposed Environmental Mitigations and Management for Construction Phase 


Construction, Health, Safety, Environment and Social Manual is given in Appendix 10. 


Environmental Mitigation and Monitoring Activities during Construction Phase 


Proposed environmental mitigation measures and monitoring activities during the construction phase 
of the Project are summarized in Appendix 11. 


Proposed Environmental Mitigations and Management for Operation Phase 


Operation phase integrated management system manual and supporting documentation is presented 
in Appendix 10. 


Environmental Mitigation and Monitoring Activities during Operation Phase 


Proposed environmental mitigation measures and monitoring activities during the operation phase of 
the Project are summarized in Appendix 11. 
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G.4 Social Management Plan 


G.4.1 Stakeholder Identification 


All stakeholder groups having an interest for, might be affected by, or might have an influence on the 
outcome of the Project were identified during the Local EIA and ESIA Phases. This ESIA study 
reviewed the stakeholders that have previously been identified during Local EIA, and expanded the 
stakeholder list to include additional stakeholders that are relevant during the Project life cycle. The 
relevant stakeholder groups are:  


• Governmental Authorities – National and regional governmental bodies; 
• Non-Governmental Organizations – Regional, national and international bodies; 
• Communities – Local community of Aliağa (affected settlements), and overall Turkey 


community; and 
• Universities and Independent Experts. 


A detailed list of the stakeholders is provided below:. 


The project has produced an individual Stakeholder Management Plan presented in Appendix 15. The 
process  concerns and issues for the stakeholder engagement is presented  in Appendix 15. 


G.4.2 Proposed Social Mitigations for Construction and Operation 


Phases 


Proposed mitigation measures and monitoring activities regarding the potential impacts on socio-
economic characteristics and archaeology and cultural resources during construction and operation 
phases are summarized below respectively. 


Table G.4.2-1: Proposed Socio-Economic Mitigations and Monitoring during Construction and 
Operation Phases 


Issue / 
Social 
Impact  


Proposed Mitigation Responsible 
Party 


Schedule / 
Target 
Completion 
Date 
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Issue / 
Social 
Impact  


Proposed Mitigation Responsible 
Party 


Schedule / 
Target 
Completion 
Date 


Effects of 
additional 
population 
due to the 
employment 
during 
project 
construction 
on the local 
community 
and existing 
resources 


• STAR is planning to employ the reserve workforce in Aliağa in the first 
place and then employ the people from other parts of Turkey. 


• In order to provide an efficient accommodation during the construction 
works of the Project and to minimize the potential affects on the existing 
infrastructural sources for water, wastewater, transportation, housing, 
etc. in the Town; construction camps will be established for the 
temporary employees. These camps will have all necessary 
infrastructure and facilities such as water, wastewater, heating, praying, 
basic health, etc. to meet the needs of the employees and to minimize 
the affects on the existing infrastructure and resources.  


• The location of the construction camps will be chosen close to the 
Project Site and within Petkim area, to the extent possible. STAR will 
recommend several alternatives to the EPC contractor(s). If there will be 
need for camps out of Petkim area, possible best locations will be 
decided through the consultation with the Municipality and District 
Governorate. In addition, for part of the construction phase employees 
existing Petkim lodgments will be utilized. 


• SOCAR, the major sponsor of the Project, is planning to build a public 
vocational school focusing on oil, gas and petrochemicals industries in 
the Town to meet the additional needs for the technical educational 
services at high school level. The school is planned to be opened in 
September 2012 and will have the first stream of some 200 technically 
qualified graduates in June 2016. 


• An explicit grievance mechanism will be developed for the Project, as 
described in the Stakeholder Engagement Plan (SEP) to invite feedback 
related to unpredicted community impacts. The results of the grievance 
mechanism will be regularly reported. 


• STAR 


• Contractors 


Completion of 
construction 
camps prior 
to 
construction 
 
Completion of 
public school 
to be 
discussed 
with local 
authorities 


Effects of 
additional 
population 
due to the 
employment 
during 
project 
operation on 
the local 
community 
and existing 
resources 


• STAR is planning to employ the reserve workforce in Aliağa in the first 
place and then employ the people from other parts of Turkey. 


• For the permanent employees during the operation phase of the Project, 
part of Petkim lodgments will be utilized. Remaining employees will stay 
in the Town. Potential location for these employees will be decided 
through the consultation with the Municipality and District Governorate.  


• The vocational school that will be constructed by SOCAR will meet the 
needs for the technical educational services at high school level.  


• Other infrastructure requirements will be provided through the 
consultation with the Municipality and the District Governorate.  


• An explicit grievance mechanism will be developed for the Project, as 
described in the Stakeholder Engagement Plan (SEP) to invite feedback 
related to unpredicted community impacts. The results of the grievance 
mechanism will be regularly reported. 


STAR During 
operation 
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Issue / 
Social 
Impact  


Proposed Mitigation Responsible 
Party 


Schedule / 
Target 
Completion 
Date 


Effects of 
the Project 
through new 
employment 
opportunities 


• Development of a Human Resources policy that includes the following 
key elements: 
o Entitlement to and payment of wages; permissible wage deductions; 
o Overtime payments; hours of work and any legal maximums; 
o Entitlement to leave for holidays, vacation, illness, and maternity and 


other reasons; 
o Entitlement to benefits;  
o The employees’ right to form and join workers’ organizations; 
o Disciplinary and termination procedures and rights; 
o Conditions of work; 
o Occupational safety, hygiene and emergency preparedness; 
o Promotion requirements and procedures; 


• Ensuring all employees have clear documentation of their working 
relationship to the owner; 


• Developing clear statements to highlight a commitment to non-
discrimination and equal opportunity, as well as similar statements that 
forbid any form of child or forced labor, which may mean developing 
specific references to national legislation; 


• Developing an internal worker’s grievance mechanism, which 
complements the grievance mechanism for external actors; 


• Documenting efforts to explain to all contractors and non-employee 
workers that the key elements of ILO and IFC best practice also are 
relevant for non-employee workers; and 


• Documenting efforts to explain to suppliers that they must conform to 
international guidelines related to child and forced labor. 


• STAR 


• Contractors 


During 
construction 
 
During 
operation 


 


Table G.4.2-2:  Proposed Mitigations and Monitoring for Archaeology and Cultural Resources 
during Construction and Operation Phases 


Issue / 
Social 
Impact  


Proposed Mitigation Responsible 
Party 


Schedule / 
Target 
Completion 
Date 


Effects of 
project 
construction 
on unknown 
archaeological 
resources 


• A Chance-Find Procedure will be established and implemented for 
the procedure to be followed in case of an accidental archaeological 
findings during construction activities, along with the requirements of 
Law for Protection of Cultural and Natural Estates. 


• STAR and 
Contractors 


Procedure 
prior to the 
start of pre-
construction 
activities 
 
Implementation 
throughout the 
construction 


 


G.4.3 Stakeholder Engagement Plan 


Objectives and Components 


A systematic stakeholder engagement process will be employed through the liaison activities 
throughout the Project life cycle. National, regional and local level liaison activities will involve formal 
meetings to discuss economic, environmental and social aspects of the Project and various planning 
issues. 


At the community level, liaison activities will focus on communication with local communities to 
establish and maintain an appropriate level of relationship with the people living and working in Aliağa. 
The overall objectives of the community liaison activities are as follows:  
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• Continuously informing the local community about the Project-related development activities; 
• Ensuring that the local community is informed about the hazards associated with construction, 


operation activities of the Project and mitigation measures implemented by the Promoter to 
reduce impacts where possible;  


• Minimizing potential disputes between personnel and contractors of STAR and the local 
community;  


• Incorporating local knowledge during the design phase of the Project, by taking in account 
bottom up information provided by local communities. These information may not have a 
scientific worth or technical background, but, if critically assessed, can nevertheless represent 
an important resource of knowledge to be used in the Project; and 


• Timely and effective responding to community concerns regarding the issues such as 
employment of the local workforce reserve in the construction and operation phases, disruption 
to daily life, safety issues, disturbances due to noise or dust, and other environmental and social 
issues. 


A Stakeholder Engagement Plan (SEP) was prepared for the planning of the stakeholder engagement 
activities presented in Appendix 15 and consists of the following main components: 


• Stakeholder Engagement  during the local environmental impact assessment phase (1st Round 
Public Hearing Meeting); 


• Stakeholder Engagement and disclosure during the international environmental and social 
impact assessment phase and 


• Continuous stakeholder engagement during construction and operation phases. 
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G.5 Labor Issues and Health & Safety Management Plan 


The Project will employ a Labor and Health & Safety Management Plan that will ensure the 
compliance with applicable Turkish legislation, Equator Principles, EU legislation and IFC Guidelines 
and standards. 


A labor / human resources management system will be established to manage labor rights, security 
and health issues. An employee grievance mechanism will be established during construction and 
operation phases. 


A health and safety management system employing site and work specific health & safety procedures 
and instructions will be established as outlined in Appendix 10. The procedures will include but not be 
limited to the following issues: 


• General Health & Safety Procedures 


• Personal Protective Equipment Usage 


• Working at Height 


• Fall Protection 


• Working in Confined Space  


• Hot Works 


• Electrical Works 


• Portable Appliances 


• Lock Out Tag Out 


• Procedures Related to Working Environment and Industrial Hygiene (noise, vibration, heat, 
etc) 
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G.6 Closure Plan 


The objective of this conceptual closure plan is to briefly outline the measures and programs to be 
implemented to ensure that environmental, health and safety risks are controlled and minimized, after 
the termination of plant operations. During the closure process, STAR will implement this plan as part 
of their commitment to environmental protection.  


The plan includes various land improvement activities at the Project site as the operation activities 
end, following the completion of the project life cycle of 49 years. The principal goal of the closure plan 
is to establish the general requirements for retaining the future use of the land without environmental 
concerns. As stated in the related sections of the ESIA, the design and operations of the Refinery is 
anticipated to be accomplished in a way that optimizes movement into closure.  


The main function of the refinery will be production of oil derivatives during operations and the finished 
products will be stored in tanks at the site. Thus, a detailed site assessment will be conducted, 
particularly for the storage area, to determine any pollution levels following the termination of the plant 
operations and the need for specific remediation. However, considering the monitoring and mitigation 
measures to be carried out to reduce the risks to human health and the environment during the 
construction and operation phases, it is not expected to have major issues at the end of life cycle.  


Reclamation activities are described below, for both the operations phase and the final closure phase. 
For the closure phase, planning is very conceptual at this time, given the long 49 year operations 
phase. In addition, it is possible that through facility improvements, the length of operations could be 
extended even further. Closer to the closure date, a detailed closure plan would be developed in terms 
of removal of facilities, site inspection and as needed clean up and site reclamation, including re-
vegetation. The details of this plan will rely of government and wider stakeholder consultation as 
regards land use planning in the area and agreed end use objectives for the site.   


Rehabilitation Activities  


As described in the Flora Section, progressive reclamation of areas cleared during construction but 
not subject to the placement of facilities will occur, with the goal of producing a stable vegetative cover 
to minimize erosion from air and water and to produce visual and ecological advantages. All suitable 
areas of the site will be re-vegetated after construction and assembly of the refinery is completed. 
Grass and decoration plants will be used in locations such as the office and directorate building and 
evergreen young plants will be used in more distant locations away from buildings. A landscape 
design will be made especially for the Project and species to be used in the site for landscape 
purposes will be determined after this work. Existing flora of the region will be considered in selection 
of plant species to be used. To minimize the potential for the introduction of aggressive non-native 
plant species, the importation of top soil or potting soil from distant locations will be discouraged.  
Locally available soils, amended as necessary to improve fertility, will be used for accent plantings and 
small-scale restoration. 


At closure, site rehabilitation work will start right after operations finish and demolition of the buildings 
and equipment such as tanks, steam turbines and switch gears is complete. The rehabilitation work 
generally includes activities such as landscape grading and improvements. Besides these activities, 
drainage channels and ditches will be opened as needed to control the surface drainage and to 
prevent the accumulation of runoff during the rainfall events while the rehabilitation activities are 
carried out. The surface will be formed and amended in order to return the land to conditions capable 
of supporting vegetation use.  


The rehabilitation at the project site will begin after reclamation and stabilization of the land within a 
determined landscape program. Consequently, it is planned to assure that the project site is feasible 
for vegetation planting as the reclamation activities are completed. 
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Reclamation activities will be implemented based on the selection of suitable plants for the region’s 
climate and soil structure. To evaluate the effectives of the measures implemented during closure, 
post-closure monitoring will be conducted. Monitoring of the closure will include the determination of 
the vegetation survival after at least one complete growth season.  


Impacts on Existing Water Resources  


The process water that is used for refinery operation will be discharged to the sea after the required 
treatment processes. For this reason, the closure plan does not contain measures to monitor for water 
quality, since the risk of contamination of underground and surface water is not significant.  


Air Quality 


The closure activities will not release any main air emissions to the atmosphere, however there is a 
possibility of emitting small amount of gas emissions as a result of demolishing some of the units. In 
such cases, proper ventilation and cleaning methods will be applied diligently. Furthermore, the then 
existing vegetation of the project site will prevent the wind erosion and the dust emissions released 
during such events. The closure will not deteriorate the air quality under these conditions. 
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PURPOSE


The purpose of this monitoring report is  to fulfill  the obligation under the CTA
Clause 16.15 requiring STAR to provide the Lenders with periodical information
about Environmental and Social Matters arising in relation to the Project
Company (STAR) and/or the STAR Refinery Project during financial half year
ending in June 2015.


In particular it is required to provide information about the compliance with:


· Environmental and Social Standards


· Environmental and Social Laws


· Environmental and Social Action Plan


· Environmental and Social Monitoring Plans


This report is intended to be issued on a semi-annual basis during the
construction phase and on an annual basis during the operation phase of the
Project.


APPLICATION


This document refers to the EPC and operation phase of the STAR Refinery
Project (the “Project”)


DEFINITIONS


PROJECT COMPANY: STAR Refinery A.Ş (“STAR”)


PMC CONTRACTOR: AMEC Foster Wheeler (“AMEC FW”)


EPC CONTRACTOR: Joint Venture between
TECNICAS REUNIDAS, SAIPEM, GS E&C,
ITOCHU (“JV”)


ENVIRONMENTAL CONSULTANT: Golder Associates (“GA”)


LENDERS:


ECA Direct Lenders
· EXPORT DEVELOPMENT CANADA
· EXPORT-IMPORT BANK OF THE UNITED STATES
· JAPAN BANK FOR INTERNATIONAL COOPERATION
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Commercial Lender
· T.GARANTİ BANKASI A.Ş.


CESCE Lenders
· Banco Popular Español, S.A.
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.A.E.
· ING Bank, a Branch of ING-DiBa AG
· CaixaBank, S.A.
· Banco Santander, S.A.
· Société Générale


K-SURE Lenders
· BNP Paribas, Seoul Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London


Branch
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank AG, Hong Kong Branch
· ING Bank, a Branch of ING-DiBa AG
· The Korea Development Bank
· KfW IPEX-Bank GmbH
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


NEXI Lenders
· BNP Paribas, Tokyo Branch
· The Bank of Tokyo-Mitsubishi UFJ, Ltd., London


Branch
· Crédit Agricole Corporate and Investment Bank,


Tokyo Branch
· ING Bank N.V., Tokyo Branch


SACE Lenders
· Banco Bilbao Vizcaya Argentaria S.A.
· BNP Paribas Fortis SA/NV
· Crédit Agricole Corporate and Investment Bank
· Deutsche Bank S.p.A
· Intesa Sanpaolo S.p.A., Dubai Branch
· NATIXIS
· Société Générale
· UniCredit Bank Austria AG


LENDERS’ ADVISOR: D’Appolonia (“DA”)
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ACRONYMS


AP Action Plan
Project STAR Refinery Project
BAP Biodiversity Action Plan
BAT Best Available Technology
EBRD European Bank for Reconstruction and Development
EHS Environmental, Health, and Safety
ERP Emergency Response Plan
ES Environmental and Social
ESAP Environmental and Social Action Plan
ESHS Environmental, Social, Health and Safety
ESIA Environmental and Social Impact Assessment
ESMP Environmental and Social Management Plan
ESMS Environmental and Social Management System
EU European Union
GHG Greenhouse Gas
GUIDELINES Company management plans, which are listed in the ESAP


and to be provided to Contractors to explain how they have
to develop their Management plans in line with the
requirements


HS Health and Safety
IFC International Finance Corporation
OHS Occupational Health and Safety
PR Performance Requirement
PS Performance Standard
QRA Quantitative Risk Analysis
SEP Stakeholder Engagement Plan
SOCAR State Oil Company of Azerbaijan Republic
STAR SOCAR Turkey Aegean Refinery
WWTP Waste Water Treatment Plant
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1.0 INTRODUCTION


1.1 Context


STAR Rafineri A.S. (hereinafter referred to as “STAR”) is the developer, owner and


operator for a greenfield complex crude oil refinery (hereinafter referred to as the


“STAR Refinery”) in Izmir region within the framework of STAR Refinery Project


(hereinafter referred to as the “Project”).


STAR requested support from the Lenders for financing the Project and identified


potential environmental and social impacts of the initiative within scope of an


Environmental and Social Impact Assessment study (“ESIA”) which has been disclosed to


the Lenders.


The Lenders requested STAR to carry out several actions and to comply with dedicated


clauses  in  order  to  assure  the  financial  closure  of  the  Project.  A  dedicated


Environmental and Social Action Plan (ESAP) has been prepared by Lenders with the


support of D’Appolonia (DA, acting as Lenders’ Environmental & Social Consultant) to


achieve full compliance of the Project in accordance with the applicable requirements


(Turkish regulation and IFC ESHS policies and standards).


The Lenders requests have been summarized in a list of 26 items which contains


reporting Item ID, Item description and Lenders’ specific requests for each item. STAR


agreed with Lenders in provision of implementation deadlines and progress indicators


for each of the ESAP Items.


The ESAP Items are detailed in the following Table:


ESAP Item Description


1 Supplements to the ESIA packages


2 Occupational Health and Safety analyses


3 Process safety
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4 Quantitative Risk assessment (QRA)


5 Environmental and Social Management System


6 Stakeholder Engagement Plan


7 Emergency Response Plan


8 Employment policy and procedures


9 Occupational Health and Safety procedures


10 Supply Chain Management Plan


11 Resource Efficiency Management Plan


12 GHG Management Plan


13a Air emissions - Prevention and Control into the Refinery fences


13b Air Quality Monitoring program


14 Sea water and monitoring groundwater plan


15 Waste water management


16 Soil and Contaminated land management


17a Noise Prevention and Control - Source emissions


17b Noise Prevention and Control


18 Fugitive Particulate Matter


19a Waste management


19b Hazardous materials management


20 Workers and Community Health management plans


21 Traffic management plan


22 Security Management plan


23 Biodiversity Action Plan


24 Terrestrial Flora and Fauna Management Plan


25 Invasive alien species prevention


26 Chance find procedure
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Finally several Environmental and Social covenants to be fulfilled by the STAR Project
have been included in the Common Terms of Agreement between STAR and the Lenders
referring to:


- Environmental and Social Incidents;


- Environmental and Social Monitoring Reports;


- Site Visits/Cooperation;


- Environmental and Social Laws /Environmental Licenses;


- Environmental Claims;


- Compliance;


- Environmental and Social Compliance.


1.2 Summary of previous monitoring reports


The relevant information regarding the previous six-month is included in the following


report:


- Environmental and Social Monitoring Report- Periodical report No. 4 -000-A-


OE-0090054 –Rev. 1 (Semester Ending: December 2015)


1.3 Summary of the STAR REFINERY PROJECT progress


Remaining engineering  activities  are  focused  on  Engineering  Close-out  activities


with  the final A/G Piping isometrics, Electrical and Instrument drawings being issued for


construction, along with Operating Manuals.


Piping and structural steel materials continued to be delivered to site, generally in


accordance with Contractor’s reforecast schedule. A further 141 Equipment items have


been released ex works, during the period, bring the total released to 1,938 out of


2,150,  with  a  total  of  1,451  received  at  site.  The  Technip  Reformer  continues  to  be  a


concern and Contractor continues to closely  monitor  manufacturing  and  delivery


activities  to  mitigate  any  impact  to  the  project. Honeywell’s MAC FAT activities
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progressing, visual inspection and Poweron completed for 118 out of 535 cabinets. DCS


Simple loops and Control software progressing as per planned.


Construction overall progress is behind the Contractor’s reforecast by approximately 2


weeks, impacted by less than forecast progress in Above Ground Piping, Mechanical,


Buildings and Electrical  works.  Erection  of  structural  steelwork  continues  with  most


of  the  Main Interconnecting  Piperacks  substantially  complete  and  unit  piperacks


along  with  Main Equipment Structures continuing to progress. Offsite piping


fabrication continues to progress ahead of the reforecast. Above  ground  piping


installation  continues  to  progress  on  the  Unit 600  Interconnecting  piperacks  and


Process  Unit  Piperacks. Piping  manpower  levels  at site remain the main hindrance to


increasing piping progress. Progress in Civil works is slightly behind the re-forecast,


impacted by low manpower levels. Overall building progress has improved with the


increase in manpower and is now approximately 7.5 weeks behind the reforecast.


Major equipment installation continues with the heavy lift items being installed in the


CDU/VDU, Diesel Hydrotreater and Delayed Coker units. The first switchgear, at the


Main Sub-Station was also installed.


The  following  tables  present  the  list  of  ongoing  works  according  to  their  types  and


completion ratios.







Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Engineering 13,9 1,96 4,19 99,93 98,71


Procurement 39,4 20,31 29,23 99,37 88,62


Construction 46,7 29,8 21,25 73,71 47,5


OVERALL (EPC)  100.0 22,2 22,03 87,47 70,81


Description Weight %
Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Preparation & General 20,17 0,5 15,13 100 98,24


Main Construction &


Pre-commissioning
78,83 37,67 23,08 67,92 35,12


Commissioning & Start-Up 1,00


OVERALL (Constr. + Pre-comm.


+ Commiss. & Start-Up)
100.0 29,8 21,24 73,71 47,5
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Description


Weight %


Semi-annual % Cumulative %


Plan Actual Plan Actual


Site Prep. Novated 43,15 0 5,65 100 98,08


Remedial Works 37,21 1,27 24,78 100 99,44


Temporary Facilities 7,56 0,43 0,4 100 100


Site Prep. Extension 12,08 0 28,48 100 93,99


OVERALL (Construction


& Pre-comm.)
 100.0 0,5 15,13 100 98,24
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PROJECT KEY QUANTITIES


DISCIPLINE DESCRIPTION UNIT
TOTAL


QUANTITY
 PLANNED  ACTUAL  Actual %


BUILDINGS
Str. Concr. (Cast insitu Precast) M3 63.984 53.665 49.236 76,95%


Structural Steel Works KG 1.798.656 415.882 1.156.905 64,32%


CIVIL
Concrete cast in situ  works M3 364.670 291.366 261.520 71,71%


Concrete paving and sidewalk M2 864.410 101.040 54.517 6,31%


FIREPROOFING Fireproofing M2 201.631 5.496 3.820 1,89%


ELECTRICAL


Cable Earthing, lighting System M 550.348 147.756 78.288 14,23%


Elec. Power cable laying M 1.267.635 134.455 1.041 0,08%


Elec. Control cable laying M 849.081 101.996 1.921 0,23%


EQUIPMENT Equipment KG 74.145.870 29.834.782 15.642.999 21,10%


INSULATION


Tank Insulation M2 34.176 6 0 0,00%


Piping insulation M2 233.912 4.732 0 0,00%


Equipment insulation M2 44.643 2.510 2.092 4,69%


INSTRUMENT
Instrument NR 35.381 31 0 0,00%


Cable ways M 564.214 34.347 13.492 2,39%
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PROJECT KEY QUANTITIES


DISCIPLINE DESCRIPTION UNIT
TOTAL


QUANTITY
 PLANNED  ACTUAL  Actual %


Instrument cable M 4.570.860 275.331 0 0,00%


MARINE WORKS
Pile driven/bored M 119.415 49.711 56.402 47,23%


Reclamation M3 989.803 544.020 926.546 93,61%


PIPING


Piping UG steel bolt/laying KG 7.724.422 6.586.534 4.613.811 59,73%


Piping UG Welding Dia_Inch 270.294 217.752 207.933 76,93%


Piping AG fabr/weld Dia_Inch 1.792.037 695.305 786.810 43,91%


Piping AG Erection-hand/bolt KG 50.416.997 11.327.029 10.217.334 20,27%


Piping AG Erection-welding Dia_Inch 1.758.469 312.727 119.081 6,77%


PAINTING


Painting tanks M2 529.618 14.782 73.451 13,87%


Painting piping - equip -
structure


M2 2.071.929 131.657 196.481 9,48%


STEEL STRUCTURE Steel Structure KG 63.058.690 36.386.305 39.417.231 62,51%


TANKS
Atmospheric tanks KG 31.564.996 24.908.711 24.606.541 77,96%


Spheres KG 4.532.728 820.453 1.862.081 41,08%
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The actual status in relation to the operation of dumping sites is summarized in the following table:


STATUS OF DUMPING SITES


No Dumping Area Total Volume (m3) Complete (m3) Remaining Volume
(m3)


Permit Status


1 Güzelhisar A&B 1.690.070 1.690.070 0 Yes / Completed
2 Areas 2 & 3 2.500.000 1.944.913 555.087 Ongoing
3 Güzelhisar D-1 1.104.731 1.104.731 0 Yes / Completed
4 Güzelhisar D-2 60.000 60.000 0 Yes / Completed
5 Industrial Zone 194.021 194.021 0 Yes / Completed
6 Caltılıdere 2.111.135 2.111.135 0 Yes / Completed
7 Dere Madencilik 4.000.000 877.124 3.122.876 Ongoing
8 Güzelhisar E 2.238.977 2.238.977 0 Yes / Completed
9 Çıtak-1 1.143.784 1.143.784 0 Yes / Completed


10 Çıtak-2 900.000 527.196 372.804 Ongoing
11 MKE 37.995 37.995 0 Yes
12 Terrace 13 1.300.000 1.139.027 160.973 Yes
13 Others 202.654 202.654 0 Yes
14 Old Forest  Area 4.500.000 3.951.236 548.764 Ongoing


Total (m3) 21.983.367 17.222.863 4.760.504







3.0 PROJECT COMPLIANCE WITH THE CTA COVENANTS


This section of the monitoring report presents the information that verifies compliance of the


Project with the applicable CTA Environmental and Social Covenants.


3.1 Environmental and Social Monitoring Report (CTA Clause 16.15)


This report represents the Environmental and Social Monitoring Report referred to in


CTA Clause 16.15 and it is issued on a six monthly basis. It presents a summary of the


Environmental and Social Monitoring activities carried out in the first half of financial


year 2016.


A. Monitoring methodology and information on compliance


STAR and the EPC Contractor have been developing a monitoring system for the


construction and operation phases of the Project to be implemented through


measurement activities and a comprehensive audit program.


Further to the aforementioned system, Environmental Impact Assessment (EIA)


monitoring activities are conducted in relation to the EIA consents of the


Project. These monitoring activities are performed according to Turkish Official


Gaz. No. 27436, 18/12/2009 on quarterly or six monthly basis whichever applies


and reported with Monitoring and Control Forms as presented in Ek (Appendix)-


4 of the Regulation (hereafter referred as EIA Monitoring Reports). These


monitoring requirements are integrated into the STAR monitoring system.


EIA Monitoring Reports for the refinery have been recently prepared by the


licensed company PRD Consultancy and submitted the Ministry of Environment


and Urbanization (MoEU) at the end of each monitoring period since November


2012. The reports provide details in relation to site preparation of the Project.


The EIA Monitoring Reports issued within the current monitoring period are


provided as Appendices 1,  2 and 3 of this report.


§ EIA Monitoring Report on Socar & Turcas Aegean Refinery Project


(Monitoring No: 24), Submitted on 04.01.2016.
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§ EIA  Monitoring  Reports  on  Jetty  1  and  2  Area  (Monitoring  No:  8&9),


Submitted on 10.06.2016


§ EIA Monitoring Report on Socar&Turcas Aegean Refinery Project


(Monitoring No: 25 and 26), Submitted on 01.07.2016.


B. Measures taken to remedy non-compliance


Within the reporting period, there had been no non-compliance that was


identified with corrective measures to remedy.


C. Governmental consents and governmental entities


Governmental Consents in relation to the Environmental and Social Issues for


the Project are:


· EIA Consent for STAR Aegean Refinery Project – 08.12.2009


· EIA Consent for Port Extension Project – 26.01.2012 (including Jetty No. 1


and 2)


· EIA  Consent  for  jetty  and  filing  project  –  14.02.2014  (including  Jetty  No.  3


and 4). Though the consent for Jetty No. 4 has been granted, jetty No. 4 is


not to be built as per the latest design and capacity calculations.


· EIA Consent for Refinery revision and additional storage tank project –


18.07.2014. The content of this EIA Consent is in line with the latest version


of ESIA.


D. Health and Safety management


STAR  is  provided  monthly  HSE  statistics  by  the  EPC  Contractor  that


demonstrates performance of the ESHS Management System. The statistics also


contain information from the subcontractors.
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Following  cumulative  figures  have  been recorded alone  for  STAR and the  EPC


Contractor within first half of the year.


STAR
(Jan-June 2016)


TSGI
(Jan-June 2016)


Cumulative (7)


(Jan – June 2016)
Overall


Cumulative (8)


HSE Parameters


Manhours Worked (A) 193.770 12.337.850 12.713.755 27.005.115


Manhours Without LTI 193.770 2.420.915 2.796.820 3.418.343


Manhours Without LTI
(Project-from last
LTI**)


35.928 2.420.915 2.506.321 2.506.321


N° of Fatal Incidents 0 1(6) 1 4(1,2,3,6)


N° of Fatalities 0 1(6) 1 4


N° of Lost Time Injuries
(LTIs) (B)


0 3 3 16(4)


N° of Lost Work Days 0 381 381 957


N° of Restricted Work
Day Case (RDWC)


0 18 18 42


N° of Medical
Treatment Case (MTC)


0 15(5) 15 39


N° of Environmental
Incidents


0 6 6 15


N° of Total Recordable
Incidents (C)


0 37(5,6) 37 101


Total Number of
Incidents


1 259 273 739


Total Number of
Nearmisses / Unsafe
Conditions /Behaviors


1.733 4.349 6.465 14.402


HSE Training Manhours 1.915 63.507 67.448 147.074


Lost Time Injury
Frequency (LTIF) (D)


0 0,065 0,063 0,148


Toral Recordable
Incident Rate (TRIR) (E)


0 0,600 0,582 0,748
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(1) Includes one off-site fatality at an unathorized dumping site (Dec. 2013)
(2) Includes one off-site public road vendor fatality incident (Oct. 2015)
(3) Excludes one on-site heart attack related fatality due to a pre-existing health problem (Dec. 2013)
(4) Includes one off-site security incident (stabbing) (May 2015)
(5) Includes one on-site security incident (Apr.2016)
(6) Includes one off-site public road fatality incident (Apr.2016)
(7) Includes STAR, TSGI and non-TSGI
(8) Since beginning of the Project


E. Environmental and Social laws changes


The following ESHS regulations were issued in the period of November 2015-
June 2016:


§ Revision of the Environmental Noise Assessment and Management
Regulation (Official Gazette numbered 29536, dated 18 November
2015)


§ Communique on Regulatory Fiscal Penalties as per the Environmental
Law no: 2872 (Official Gazette numbered 29536, dated 18 November
2015)


§ Revision of the Regulation on  Water Pollution and Control (Official
Gazette numbered 29589, dated 10 January 2016)


§ Revision of the Environmental Impact Assessment Regulation  (Official
Gazette numbered 29618, dated 8 February 2016)


§ Communique on Internal Emergency Case Plan for Mitigation of Major
Industrial Hazard Risks (Official Gazette numbered 29670, dated 3
March 2016)


§ Communique on the Projects which are Granted with Decision of EIA
Positive or EIA Not Required and Planned for Capacity Increase and/or
Extension (Official Gazette numbered 29736, dated 3 June 2016)


§ Revision of the Regulation on Monitoring of Greenhouse Gases
Emissions (Official Gazette numbered 29757, dated 29 June 2016)


The above regulations will be taken into account and referred in the ESHS
Management System documents which are under development wherever
applicable.


F. Non-confidential Information provided to shareholders


Not applicable.
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3.2 Environmental and Social Incidents (CTA Clause 16.14)


No social incident reported while a total number of 6 environmental incidents each with
below 50 L of spills were recorded in the first half of 2016.


STAR
(Jan-June


2016)


TSGI
(Jan-June


2016)


Cumulative (1)


(Jan – June
2016)


Overall
Cumulative (2)


N° of
Environmental
Incidents


0 6 6 15


(1) Includes STAR, TSGI and non-TSGI
(2) Since beginning of the Project


3.3 Site Visits – Co-operation (CTA Clause 16.16)


No specific progress to report.


3.4 Compliance (CTA Clause 19.3(b))


An ESIA study and an ESAP have been prepared in terms of compliance with the


applicable national and international legislation and requirements.


The Project operates in accordance with the defined environmental and social


requirements.


3.5 Environmental and social compliance (CTA Clause 19.9)


Responsive actions have been taken under the Project in order to be in compliance with


the requirements listed under:


· Local Legislation mainly stipulated by the EIA Consents and license;


· National Environmental and Social regulation;


· International Requirements stipulated by the ESIA and the ESAP (i.e. with


IFC EHS Performance Standards and Guidelines);
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4.0 ESAP WORK PROGRESS


The objectives of the present section are:


- To update Lenders on the status of STAR activities to achieve the goals and objectives set


out in the ESAP;


- To provide highlights of the work performed by STAR during the considered six month or


one year period, whichever is applicable;


- To recognize notable accomplishments of the ESAP milestones and /or point out possible


inconsistencies with the ESAP timing activities.


The part of documentation  including ESIA supplements, ESHS policies, ESMS Strategy, ESMPs


and procedures has been completed and already submitted to the Lender’s advisor in August


2014 and has been approved.


The implementation of Plans and Procedures has been initiated following issuance of the


documentation.


The documentation that is required to be developed with a different schedule (e.g. prior to the


start of operations), some of which are under development while the entire are planned to be


developed and implemented according to the deadlines indicated in the ESAP.


The documentation that have been already issued and to be developed are detailed in the


following subsections, one for each item of the ESAP; deadlines for implementation are


indicated in brackets.
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4.1 Supplements to the ESIA
packages (Item 1)


Documentation that are approved and issued within the end of
August 2014:


- Document presenting associated facilities and related ES
impacts


- Dumping site management and reinstatement plan
- Assessment of risks and impacts associated with primary supply


chains (see also Item 10)
- Supply chain management Plan (see also Item 10)
- Revised GHG emission report (see also Item 12)


The following Documentation has been issued in final version by
STAR as a result of the work of Golder/International SOS within
January 2015 December 2014:


- Public Health Impact Assessment HIA (see also Item 20):
- Scoping


The following documentation to be developed (deadline is
indicated in brackets):


- Public Health Impact Assessment HIA (see also Item 20)
- Baseline - [Mar. 2016]
- Impact assessment [Sep. 2017]


- Ambient Air Quality monitoring system progress indicators
(see item ID 13b) [prior to Start of Operations]


4.2 Occupational Health and
Safety analyses (Item 2)


The documentation to be developed (deadline is indicated in
brackets):


- Job hazard analysis [July 2017]
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4.3 Process safety (Item 3) Qualitative HAZOP study has been concluded by a joint team EPC
Contractor STAR. The following documentation is currently (end
2014) being developed (ESAP estimated deadline is indicated in
brackets):


- Quantitative hazard operability (HAZOP) study [Nov. 2014]


STAR specialized subcontractor (Golder/DEKRA) that is
developing the Quantitative HAZOP; DEKRA has already joined
the STAR/EPC Contractor HAZOP team at the beginning of June
2014 during qualitative HAZOP study for coordination purposes.
The above document has been drafted and circulated to STAR in
July 2015.
The quantitative HAZOP is being built on the outcomes of the
qualitative  HAZOP  developed  by  a  joint  team  EPC  Contractor  /
STAR. Documentation of the concluded qualitative HAZOP study
has been made available to Golder/DEKRA by November 21st.
This resulted in a 3 months delay with respect to the ESAP
estimated deadline. Golder submitted first draft of Quantitative
HAZOP Report in June. Additional 11 scenarios have been also
studied as required by STAR. Due to non-completion of  vendor
packages from EPC Contractor by the time of draft submission,
delays in completion of the study have occurred.


4.4 QRA (Item 4) The documentation to be developed (deadline is indicated in
brackets):


- Hazard QRA study [Apr. 2016]
- Oil spill dispersion modeling study [Apr. 2016]
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4.5 Environmental and Social
Management System
(Item 5)


Documentation that is approved and issued within the end of
August 2014:


- ESMS Manual according to ISO14001 and OHSAS 18001
- ESMS policies
- the ESMPs (further described in following sections)
- other procedures such as Training/Awareness and Audit/Non-


conformities,
that contains and constitutes:
- the development strategy for ESMS preparation including


submission of an organogram related to STAR and
contractor organization


- the STAR ESMS – EPC phase
- Guidelines for defining an ESMS appropriate to the nature


and scale of the Project –EPC phase


Other documentation to be developed (deadline is indicated in
brackets):


- Yearly external report on EPC phase [from Jun. 2016]
- Guidelines for defining an ESMS appropriate to the nature and


scale of the Project -Operation phase [Oct. 2017]
- STAR ESMS - Operation phase [Jul. 2017]
- Yearly external report [from Jun. 2019]


4.6 Stakeholder Engagement
Plan (Item 6)


Documentation that is  approved and issued within the end of
August 2014:


- Grievance mechanism
- Revised version of the SEP for the construction phase


Other documentation to be developed (deadline is indicated in
brackets):


- Updated SEP for operation phase [Jul. 2017]
- Submission of records of consultation activities and grievances


[on Lenders request from now]
- Preparation and distribution of communication material for


feedback to affected communities [quarterly for Constr.]
- Preparation and distribution of communication material for


feedback to affected communities [annually for Operation]
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4.7 Emergency Response Plan
(Item 7)


The documentation to be developed (deadline is indicated in
brackets):


- Emergency Response Plan [Jul. 2017]


4.8 Labor and Working
conditions plans and
procedures (Item 8)


Documentation that is  approved and issued within the end of
August 2014:


- Employment plan - Construction phase including Guidelines for
EPC Contractors


- Local workforce recruitment plan


Other documentation to be developed (deadline is indicated in
brackets):


- Employment plan - Operation phase [Oct. 2016]


4.9 Occupational Health and
Safety procedures (Item 9)


Documentation that is  approved and issued within the end of
August 2014:


- OHS Plan, including Guidelines for EPC Contractors for
developing OHS Procedures able to implement the
requirements of IFC EHS Guidelines. EPC contractor has already
developed OHS procedures that were submitted to STAR


- Risk assessment procedure
- Job Hazard Analysis procedure


Other documentation to be developed (deadline is indicated in
brackets):


- OHS procedures - Operation phase [Jan. 2017]


4.10 Supply Chain Management
Plan (Item 10)


Documentation that is  approved and issued within the end of
August 2014:


- Primary Supply Chain Management Plan, including Guidelines
for EPC Contractor
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4.11 Resource Efficiency
Management Plan (Item 11)


Documentation that is  approved and issued within the end of
August 2014:


- Resource efficiency management plan - construction phase
including Guidelines to the EPC contractors


The following documentation is currently (end of 2014) being
developed (ESAP estimated deadline is indicated in brackets):


- IPPC/BREF compliance deviation report [Dec. 2014]


The new “BREF on the refining of mineral oil and gas” has been
made available (see http://eippcb.jrc.ec.europa.eu/reference/).
The EU Commission Decision 2014/738/EU “BATC on the refining
of mineral oil and gas (BAT “BREF”) has been published on October
28th 2014.
STAR/Golder has sent on November 24th 2014 a thorough request
of technical information to the EPC Contractor. This information
has been integrated into the BAT Deviation Report and submitted
for STAR’s review in June 2015 by Golder.  STAR has been
reviewing the report with the all involved discipline
representatives and aim to finalize for submission within this year.


Other documentation to be developed (deadline is indicated in
brackets):


- Resource efficiency management plan - operation phase [Jul.
2017]


4.12 GHG Management Plan
(Item 12)


The documentation to be developed (deadline is indicated in
brackets):


- GHG management Plan [Jul. 2017]
- Annual reports on GHG emissions [starting from Mar. 2019]
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4.13 Air emissions - Prevention
and Control into the
Refinery fences (Item 13a)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Air Emission Monitoring Plans [Jul. 2017]


4.14 Air emissions - Air Quality
Monitoring program
(Item 13b)


Documentation that is approved and issued within the end of
December 2014:


- Ambient Air Quality Monitoring Plan [Jun. 2014 - May 2015]


The plan implementation will start in the first half of 2015.


The documentation to be developed (deadline is indicated in
brackets):


- Results of the Ambient Air Quality Monitoring campaigns
[Jul. 2015]


- Design of the permanent monitoring system and preparation of
procurement strategy [Sep. 2015]


- Procurement and installation of the permanent monitoring
system – progress of activities report [Oct. 2015 - Jun. 2016]


- Annual air quality monitoring report [from Jan. 2017]
4.15 Sea water and monitoring


groundwater plan (Item 14)
Documentation that is  approved and issued within the end of
August 2014:


- Sea Water Quality Monitoring Plan
- Groundwater Quality Monitoring Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Quarterly monitoring reports for Seawater [Mar. 2015]
- Quarterly monitoring reports for Groundwater [Mar. 2017]
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4.16 Waste water management
(Item 15)


Documentation that is  approved and issued within the end of
August 2014:


- Wastewater management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Wastewater management plan - operation phase [Jul. 2017]


4.17 Soil and Contaminated land
management (Item 16)


Documentation that is  approved and issued within the end of
August 2014:


- Soil management and reinstatement plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Soil management and reinstatement plan- operation phase
[Feb. 2017]


- Soil quality monitoring program [Mar. 2017]


4.18 Noise Prevention and
Control - Source emissions
(Item 17a)


Documentation that is  approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise prevention and management plan - operation phase
[Jun. 2017]
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4.19 Noise Prevention and
Control – Immission into
the environment (Item 17b)


Documentation that is approved and issued within the end of
August 2014:


- Noise prevention and management plan - construction phase,
including
- Noise monitoring plan
- Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Noise Monitoring Reports- Construction phase[from Mar. 2015]
- Noise Monitoring Plan - Operation phase [Jul. 2017]
- Noise Monitoring Reports- Operation phase [from Apr. 2018]


4.20 Fugitive Particulate Matter
(Item 18)


Documentation that is  approved and issued within the end of
August 2014:


- Dust and other emission management plan, including
- Monitoring plan for dust and traffic emissions during


construction (including those from dumping activities)
- Guidelines to the EPC contractors


4.21 Waste management plan
(Item 19a)


Documentation that is  approved and issued within the end of
August 2014:


- Waste management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Waste management plan - operation phase [Apr. 2017]
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4.22 Hazardous materials
management plan
(Item 19b)


Documentation that is  approved and issued within the end of
August 2014:


- Hazardous materials management plan - construction phase,
including Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Hazardous materials management plan - operation phase
[Sep. 2017]


4.23 Workers and Community
Health management plans
(Item 20)


Documentation that is  approved and issued within the end of
August 2014:


- Communicable diseases Baseline Study
- Communicable diseases Workers Health Management Plan


Other documentation to be developed (deadline is indicated in
brackets):


- Community Health Management Plan [Jul. 2017]
- Workers Health Management Plan [Jul. 2017]


4.24 Traffic management plan
(Item 21)


Documentation that is approved and issued within the end of
August 2014:


- Traffic Management Plan


4.25 Security Management plan
(Item 22)


Documentation that is  approved and issued within the end of
August 2014:


- Security management plan - construction phase, including
Guidelines to the EPC contractors


Other documentation to be developed (deadline is indicated in
brackets):


- Security management plan - operation phase  [Jul. 2017]
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4.26 Biodiversity Action Plan
(Item 23)


Documentation that is  approved and issued within the end of
August 2014


- Marine biodiversity management plan, including monitoring
measures and considering the construction of Jetty 1,2 and 3


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures


4.27 Terrestrial Flora and Fauna
Management Plan (Item 24)


Documentation that is  approved and issued within the end of
August 2014:


- Terrestrial Flora and Fauna Management Plan, including
monitoring measures and including information obtained from
terrestrial filed survey conducted in May 2014 by Golder with
particular reference to Dumping Sites locations


4.28 Invasive alien species
prevention (Item 25)


Documentation that is  approved and issued within the end of
August 2014:


- Invasive Alien Species Management Plan Management Plan,
including monitoring measures


4.29 Chance find procedure
(Item 26)


Documentation that is  approved and issued within the end of
August 2014:


- Chance find procedure
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4.30 ESAP work progress summary table


ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


1


Supplements to the ESIA
packages:


- Associated facilities
description, risks/impacts


- supply chain
risks/impacts


- GHG emission report
- public health impact


assessment
A systematic air quality
monitoring campaign (see item
ID 13b for detail)


1. Document presenting associated facilities and
related ES impacts


2. Dumping site management and reinstatement
plan


3. Assessment of risks and impacts associated with
primary supply chains (see also item ID 10)


4. See item ID 10 for detail


5. Revised GHG emission report (see also item
ID 12)


6. Public Health Impact Assessment: Scoping,
Baseline and Impact assessment (see also item
ID 20)


7. Ambient Air Quality monitoring system progress
indicators (see item ID 13b)


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of construction (see item ID
10 for detail)


5. Prior to the start of construction (Jun-2014)


6. Prior to the start of operations (scoping
01/2015; beginning of the study if authorized
07/2015; baseline 03/2016; impact
assessment 09/2017)


7. Prior to the start of operations (see item ID
13b)


Points 1, 2, 3, 4, 5:
Completed


Point 6:


- HIA Scoping:  90%
- Baseline: 0%
- HIA 0%


Point 7: (see item ID
13b)


-


2
Occupational Health and Safety
analyses


Job hazard analysis (JHA) for each position aimed at
drafting OHS procedures


Prior to the start of operations (07/2017) Not started -


3 Process safety


Quantitative hazard operability (HAZOP) study Prior to the start of construction (11/2014) Qualitative HAZOP:
Completed


Qualitative HAZOP:
50 %


3
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


4 QRA
1. Hazard QRA study


2. Oil spill dispersion modelling study


1. Prior to the start of operations (04/2016)


2. Prior to the start of operations (04/2016)


Not started -


5
Environmental and Social
Management System


1. Development strategy for ESMS preparation
including submission of an organogram related
to STAR and contractor organization


2. Guidelines for defining an ESMS appropriate to
the nature and scale of the Project –EPC phase


3. STAR ESMS, – EPC phase


4. Yearly external report


5. Guidelines for defining an ESMS appropriate to
the nature and scale of the Project –Operation
phase


6. STAR ESMS– Operation phase


7. Yearly external report


1. Prior to the start of construction (mid-May
2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of construction (Jun-2014)


4. Yearly from 06/2016 referring to 2015


5. Prior to the start of operations (10/2017)


6. Prior to the start of operations (07/2017)


7. Yearly from 06/2019 referring to 2018


Points 1, 2:
Completed


Point 3: Completed


Points 4, 5, 6, 7: Not
started


-
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


6 Stakeholder Engagement Plan


1. Submission of grievance mechanism


2. Submission of revised version of the SEP for the
construction phase, including the grievance
mechanism


3. Updated SEP for operation phase


4. Submission of records of consultation activities
and grievances


5. Preparation and distribution of communication
material for feedback to affected communities


1. Prior to construction (mid-May 2014)


2. Prior to start of the construction (Jun-2014)


3. Prior to operation (07/2017)


4. on Lenders request from now


5. Quarterly during construction (starting from
revision of the SEP); annually during operation


Point 1: Completed


Points 2, 4:
Completed


Points 3, 5: Not
started


-


7 Emergency Response Plan Emergency Response Plan Prior to the start of operations (07/2017) Not started -


8
Employment policy and
procedures


1. Guidelines for EPC Contractors – Construction
phase


2. Local workforce recruitment plan


3. Employment plan – Construction phase


4. Employment plan – Operation phase


1. Prior to the start of constructions (mid-May
2014)


2. Prior to the start of constructions (Jun-2014)


3. Prior to the start of constructions (Jun-2014)


4. Prior to the start of operations (10/2016)


Points 1, 2, 3:
Completed


Point 4: Not started


-


9
Occupational Health and Safety
procedures


1. OHS procedures- construction phase


2. OHS procedures – operation phase


See AP Item ID n° 2 for the JHA analysis


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operations (01/2017)


Point 1: Completed


Point 2: Not started


-


10
Supply Chain Management
Plan


Supply Chain Management Plan Prior to the start of construction (Jun-2014) Completed -
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


11
Resource Efficiency
Management Plan


1. Guidelines to the EPC contractors


2. IPPC/BREF compliance deviation report


3. Resource efficiency management plan –
construction phase


4. Resource efficiency management plan – Op.
phase


1. Prior to the start of construction (mid-May
2014)


2. (12/2014)


3. Prior to the start of construction (Jun-2014)


4. Prior to the start of operations (07/2017)


Points 1, 3:
Completed


Point 2: 40%


Point 4: Not started


-
-
2
-


12 GHG Management Plan


1. GHG management Plan


2. Annual reports on GHG emissions


1. Prior to the start of operations (07/2017)


2. Annually from the start of operation (first
report at Q1 2019 referring to 2018)


Not started -


13a
Air emissions - Prevention and
Control into the Refinery
fences


1. Guidelines to the EPC contractors


2. Air Emission Monitoring Plans


1. During design (Jun-2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed


Point 2: Not started


-


13b
Air emissions - Air Quality
Monitoring program


a) Ambient Air Quality Monitoring Plans


b) Results of the Ambient Air Quality
Monitoring campaigns


c) Design of the permanent monitoring system
and preparation of procurement strategy


d) Procurement and installation of the
permanent monitoring system – progress of
activities report


e) Annual air quality monitoring report


a) Jun-2014 – 05/2015


b) 07/2015


c) 09/2015


d) 10/2015 - 06/2016


e) Yearly from 01/2017


Point 3a):
completed


Points 3b), 3c), 3d),
3e): Not started


-
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


14
Sea water and monitoring
groundwater plan


1. Sea Water Quality Monitoring Plan


2. Groundwater Quality Monitoring Plan


3. Quarterly monitoring reports


1. Prior to the start of jetties construction (Jun-
2014)


2. Prior to the start of construction (Jun-2014)


3. Quarterly from 03/2015 (for sea water) and
Quarterly from 03/2017 (for groundwater)


Points 1, 2:
Completed


Point 3: Not started


-


15 Waste water management


1. Guidelines to the EPC contractors


2. Wastewater management plan – Construction
phase


3. Wastewater management plan – Operation
phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (07/2017)


Points 1, 2:
Completed


Point 3: Not started


-


16
Soil and Contaminated land
management


1. Guidelines to the EPC contractors


2. Soil management plan- Construction phase


3. Soil management and reinstatement plan – Op.
phase


4. Soil quality monitoring program


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (02/2017)


4. Prior to the start of operation (03/2017)


Points 1, 2:
Completed


Points 3, 4: Not
started


-


17a
Noise Prevention and Control -
Source emissions


1. Noise Prevention and Management Plan –
Construction phase


2. Noise Prevention and Management Plan –
Operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of operation (06/2017)


Point 1: Completed


Point 2: Not started


-
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


17b
Noise Prevention and Control –
Emission


1. Noise Monitoring Plan – Construction phase


2. Noise Monitoring Reports- Construction phase


3. Noise Monitoring Plan – Operation phase


4. Noise Monitoring Reports- Operation phase


1. Prior to the start of construction (Jun-2014)


2. Every two years from 03/2015


3. Prior to the start of operation (07/2017)


4. Every two years from 04/2018


Point 1: Completed


Points 2, 3, 4: Not
started


-


18 Fugitive Particulate Matter


1. Guidelines to the EPC contractors


2. Dust and Other Emissions Prevention and
Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Points 1, 2:
Completed


-


19a Waste management


1. Guidelines to the EPC contractors


2. Waste management plan – construction phase


3. Waste management plan – operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (04/2017)


Points 1, 2:
Completed


Point 3: Not started


-


19b
Plans to manage hazardous
materials


1. Guidelines to the EPC Contractors


2. Hazardous materials management plan -
construction phase


3. Hazardous materials management plan -
operation phase


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


3. Prior to the start of operation (09/2017)


Points 1,
2:Completed


Point 3: Not started


-


20 Workers and Community
Health management plans


1. Preliminary baseline of transmittable diseases
(1) Workers Health Management Plan for
Construction (1)


2. Community Health Management Plan (2)


Workers Health Management Plan (2)


1. Prior to start of the construction (Jun-2014)


2. Prior to start of the operation (07/2017)


Point 1: Completed


Point 2: Not started


-


21 Traffic management plan Traffic Management Plan Prior to the start of the construction (Jun-2014) Completed -
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ESAP
ITEM


DESCRIPTION INDICATORS AGREED TIMELINE (*) PERCENT
COMPLETED (**)


DELAY
(months)


22 Security Management plan


1. Security Management Plan – Construction
phase


2. Security Management Plan – Operation phase


1. Prior to the start of the construction (Jun-
2014)


2. Prior to the start of the operation (07/2017)


Point 1: Completed


Point 2: Not started


-


23 Biodiversity Action Plan Revised Biodiversity Action plan Prior to the start of construction (Jun-2014) Completed -


24
Terrestrial Flora and Fauna
Management Plan


1. Report on the terrestrial field surveys


2. Terrestrial Flora and Fauna Management Plan


1. Prior to the start of construction (Jun-2014)


2. Prior to the start of construction (Jun-2014)


Completed -


25
Invasive alien species
prevention


Invasive Alien Species Management Plan Prior to the start of construction of jetties (Jun-
2014)


Completed -


26 Chance find procedure Chance Find Procedure Prior to the start of construction (Jun-2014) Completed -


 (*) Date defined for issuing the first revision of the plan/procedure/report expected
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5.0 COMPLIANCE WITH ESMPS


The objectives of the present section are:


- To update Lenders on the status of activities to achieve the implementation of the ESMPs;


- To provide highlights of the work performed during the considered six month whichever is


applicable;


- To recognize notable accomplishments in implementation of plans and /or to point out


possible inconsistencies with the ESMPs and timing of activities.


The implementation of Plans and Procedures have started following their issuance in August


2014 for those applicable documents which are associated with ongoing site-preparation and


construction activities of the project. The Plans and Procedures to be implemented are detailed


in the following subsections,  one for each Plan/Procedure is  required by the ESAP; ID for each


relevant ESAP Item is indicated with brackets in the subtitle.


In order to ensure diligent implementation of the ESAP throughout the project and


establishment of ESMS, following organizational charts with dedicated HSE responsibilities have


been adopted by STAR and the Contractor management respectively.


STAR maintained its current organizational structure with respect to HSE and Social disciplines.


Mr.Koray Koyuncu who is the Corporate HSE Director of SOCAR Company has continued his role


as advisor to STAR’s General Manager Mr.İbrahim Palaz and supervising STAR HSE team. In order


to address the further needs of the Project with respect to OHS management, STAR plans to


recruit two Health and Safety Engineer within the next half of the year. Recruitment of two


environmental engineers in particular to operations phase preparations have been also planned


throughout the year.
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                 STAR HSE-S Organization Chart
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Contractor’s HSE team has been re-organized and enlarged within the


monitoring period. Contractor’s new HSE Manager Mr.Jerome MARREC  and Mr.


Can Aydın as the field HSE Deputy Manager have been assigned and mobilized in


the first quarter of 2016. In overall, the following existing or new positions have


been filled within the monitoring period:


- Field HSE Manager


- Field HSE Deputy Manager


- HSE Equipment Supervisor


- HSE Supervisors


- HSE Coordinators


- PTW(Permit to Work) Assistants


- HSE Training Assistant


- HSE Trainers


- HSE Traffic Officer


- HSE Coordinators


- HSE Supervisors


One of the positions under the Community Liaison team has been replaced with


Ms. Elif Sevinç who works as Local Community Representative Assistant.
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TSGI ENVIRONMENT DIVISON ORGANIZATION CHART
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TSGI  COMMUNITY REPRESENTATIVE TEAM ORGANIZATION CHART







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 32 of 117


Revision


5.1 Dumping site
management
and
reinstatement
plan (Item 1)


Issued in August 2014.


Following dumping activities and responsive measures were applied within the
monitoring period:


§ A task group consisting of representatives from legal, public affairs,
environment, SOCAR corporate HSE and construction team were
established in terms of identifying and analyzing current status of
the dumping sites used for STAR Refinery Project. A series of
meetings were held in June and July with participation of the task
group members. The findings of the task group will be shared with
the revised version of this report.
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5.2 Training
Procedure
(Item 5)


Activities by STAR


§ In line with the requirements of legal OHS compliance, STAR continued
to provide OHS trainings to employees under coordination of STAR
HSE and STAR Human Resources Training Divisions.


§ Since May, defensive driving trainings (including both theoretical and
practical modules) have been provided by a third party company
which targets all Owner personnel driving vehicles.


 Activities by Contractor


§ Sub-Contractor Bir İzmir company continued with provision of HSE
training services under the supervision of Contractor’s training
coordinator.


§ Additional training hall which is fully equipped with projector,
speakers and visualization equipment have been operational in
Çayağzı camp  for workers.


§ Each employee receives HSE induction prior to start of their work on
site and is being provided with a Safety Passport where all training
records updated on log book sections of those.  A sticker is provided
to be posted on helmets to identify that the person has completed
the induction training. The person is also provided with a training
passport where his training details will be captured and followed.


§ The  training  modules  delivered  to  all  or  most  of  the  employees
include HSE induction, safe driving, work at high as depicted in the
following pie-chart.


      Figure: The ratio of the training modules delivered most
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Training
Procedure (Item
5)


§ A  Leadership  in  Health  and  Safety  (LIHS)  program  was  initiated  by
Contractor’s  Corporate  HSE  team  in  February  with  an  objective  of
raising HSE awareness and culture of supervisory personnel of
Contractor and Sub-Contractors (incl. management). The initiative
was followed by Train-The-Trainer programs which in return were
delivered to over 75 supervisory personnel. The program will
continue throughout the Project.


§ Several  new  training  modules  (e.g.  how  to  use  VHF  radio,  Project
Environmental Requirements) have been included in the training
program based on the current needs of the Project.


Figure: Number of Trainees per Module (under the category of
“Others”)


§ Provision of brief site inductions to each visitor accessing to the site
has continued. Site Induction & Instructions Card were also provided
for each visitor.
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5.3 Stakeholder
Engagement
Plan (Item 6)


The update of the SEP was finalized by the end of August 2014.


Communications


§ STAR and Contractor’s Community Relations team continued with
holding bi-weekly meetings to discuss socials issues of the Project as
well as to overview grievances that were received both from
stakeholders and workers. The teams also views and plans future
stakeholder activities in accordance with the current dynamics and
identified priorities of the Project.


Stakeholder Engagements


§ Contractor’s Local Community Representative (LCR) team remained
in close contact with the following stakeholders throughout the
monitoring period:
-  Aliağa Municipality
-  Aliağa District Governorship
-  Aliağa Chamber of Commerce
-  Aliağa Civil Society Organizations
-  Headmen of Aliağa Villages
-  Sub-Contractor Companies working in the Project


§ As part of community investment activities, a floor cleaning machine
was donated to Aliağa primary school by Sub-Contractor IOT VITO
Company. Based on the further feedback on the needs of the
school,  financial  contribution  made  by  Sub-Contractor  Gemsan
Company for  addressing painting needs of the school.


Photo: Donations to  Aliağa Primary School by IOT VITO
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Stakeholder
Engagement
Plan (Item 6)


§ Sub-Contractor Özdenizcilik Company donated 500 chairs and 20
tables for common use by villagers of Çıtak as a response to the
inquiry from the village headman.


Photo: Donations to Çıtak village by Özdenizcilik


§ The sport material needs of one of the primary schools of Aliağa
located in Yeni Mahalle (neighborhood)  was addressed by Sub-
Contractor Gemont Company based on the feedbacks received from
the neighborhood headman.


Photo: Donations to an Aliağa Primary School by Gemont Company
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Stakeholder
Engagement
Plan (Item 6)


§ The sport material needs for one of the primary schools of Aliağa
located in Yeni Mahalle (neighborhood) was addressed by Sub-
Contractor Gemont Company based on the feedbacks received from
the neighborhood headman.


§ Contractor TSGI MI and Sub-Contractor IOTVITO also supplied sport
materials for another primary school in Aliağa in coordination with
Contractor’s LCR team and Yeni Mahalle headman.


Photos: Donations to Aliağa Primary School by IOT VITO
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Stakeholder
Engagement
Plan (Item 6)


§ Contractor Doğus-ES  JV  also  donated  one  of  the  Aliağa  primary
schools by supply of sport materials and technological equipment.
Sub-Contractor IOTVITO also supplied sport equipment for another
primary school in Aliağa in coordination with Contractor’s LCR team
and Yeni Mahalle headman.


Photos: Donations to an Aliağa Primary School by IOT VITO
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Stakeholder
Engagement
Plan (Item 6)


§ Based on the objective of maintaining relations and ensuring
community liaison with Aliağa residents, Contractor’s LCR team
participated at Güzelhisar Traditional Food Festival where Aliağa
Mayor also attended and exchanged views.


Photos: View from Güzelhisar Festival; Aliağa Mayor (below left)
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Stakeholder
Engagement
Plan (Item 6)


§ Within the framework of the Project for Promoting Gender Equality
in  Education  implemented  at  Aliağa  schools,  Contractor’s  LCR  team
introduced H&S professions to school students by delivering
seminars with the participation of H&S employees of the ARP. The
education project has been implemented by the school
management.


Photos: School Seminars on “Professions”


§ Health Awareness Campaigns: Within the framework of Health
Awareness Campaign, several activities were conducted under the
supervision  of  Contractor’s  Health  Manager  Dr.Yağız  Yurteri    who
delivered health seminars on the following topics:


- Seminar on Infectious Disease and Hygiene were delivered
to 200 students and teachers at Aliağa Heydar Aliyev High
School.


- Seminar  on  First  Aid  were  delivered  to  90  students  and
teachers at  Ege University Aliağa Higher Vocational School.


- Second blood donation campaign was organized at the
Project Site and Çayağzı Accomodation with the leadership
of Özdenizcilik Company.
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Stakeholder
Engagement
Plan (Item 6)


Photos: Views from First Aid Seminar and Blood Donation Campaign


§ Grievance Management: STAR and Contactor continued recording
grievances that were received from stakeholders and employees via
different communication channels (i.e. a dedicated mobile line
presented at the back of all trucks, Grievance Forms placed at
Project Site for workers, e-mail) and during community engagement
activities.  Since  February  2015,  a  total  number  of  319  grievances
have been recorded by Contractor. Those were brought up to the
attention of STAR and Contractor’s management where needed. The
Grievance log was reviewed and status of grievances was
continuously monitored by STAR CRO against close out of the raised
issues.


§ External grievances received from stakeholders are recorded and by
STAR and shared with Contractor’s LCR team for their responsive
action. STAR evaluates responsive action accordingly and closes the
item if considered satisfactory or requires further actions/measures
when deemed necessary.


§







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 42 of 117


Revision


Stakeholder
Engagement
Plan (Item 6)


-   External grievances: The majority of external grievances have
been related with disturbance of local residents by a group of
workers who stays in houses located in the neighborhoods of Aliağa.
Another  category  of  grievances  have  been  related  with  traffic
accident risks on Aygaz road which the Project land borders on the
north.


-   Internal grievances: The  majority  of  external  grievances  have
been related with disturbance of local residents by a group of
workers who stays in houses located in the neighborhoods of Aliağa.
Another  category  of  grievances  have  been  related  with  traffic
accident risks on Aygaz road which the Project land borders on the
north.


The grievances received from workers can be grouped under the
following major issues:
- Air ventilation problem in Owner’s and Contractor’s offices
- Lunch problem
- Issues in receipt of salary payments
- Lack of mobile toilets and hygiene issues
- Lack of transportation services
- Low quality of Personal Protective Equipment (PPE)
- Lack of safe working conditions
- Lack of proper working conditions for security guards (Yüksel


Güvenlik)
- Others


Grievances Number %
Internal Open 40 13


Closed 265 87
Total 305 -


External Open 7 50
Closed 7 50
Total 14 -
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5.4 Emergency
Response Plan
(Item 7)


This Plan is due prior to the start of operations [Jul. 2017].


§ In line with SOCAR’s Common Emergency Response Plan (ERP)
which bridges key elements and documentation of PETKİM and
STAR  for  diligent  coordination  of  emergency  cases,  a  joint
(PETKIM, STAR and TSGI) drill at Chlorine Alkaline Plant inside
PETKIM  was  organized  in  January  to  test  and  improve  the
emergency communications between the Parties. PETKIM and
Contractor’s teams working in close vicinity and Emergency
Response(ER) teams were taken a part in responding to the drill.
Lesson learned from the practice were reported in which areas
for improvement have been listed and considered for fulfilments
of these by STAR and PETKIM management.







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 44 of 117


Revision


5.5 Local
Workforce
Recruitment
and
Employment
Plans (Item 8)


This Management Plan is issued in August 2014.


Local Workforce Recruitment


§ Contractor continued with announcing job announcements on one
of the most widely used career web page in Turkey, i.e. Kariyer Net.
The company information and job announcements are provided
through the dedicated link for Contractor as given below:
http://www.kariyer.net/tsgi-muhendislik-ins-ltd-sti-is-ilanlari-
c53959-p38823/?a=2


§ Contractor  categorizes  local  employment  according  to  the  map
provided below with color coding and receives monthly employment
reports from each Sub-Contractor.
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Local
Workforce
Recruitment
and
Employment
Plans (Item 8)


§ Recruitment details of current employees as of June 2016 are
provided below for STAR, Contractor and Sub-Contractors
respectively:


Table. Employee Figures by Locality


Locality Contractor Sub-
Contractor TOTAL %


Local
(Aliağa
& İzmir)


215 3867 4082 49


Non-
Local


(Other)
282 3969 4251 51


TOTAL 497 7836 8333 100


Table. Employee Figures by Gender


Gender Contractor Sub-
Contractor TOTAL %


Male 405 7417 7822 94


Female 92 419 511 6


TOTAL 497 7836 8333 100


Table. Number Employees with Different Abilities


 Gender Contractor Sub-
Contractor TOTAL


Male 3 50 53


Female 2 15 17


TOTAL 5 65 70
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Local
Workforce
Recruitment
and
Employment
Plans (Item 8)


Employee Welfare
§ Third cafeteria including a television hall and grocery has been


operational and serving for residents of Çayağzı accommodation
camp.


§ Two Indian supervisors speaking English has started to work in
administration department of Güzelhisar accommodation camp
where Indian workers reside.


§ Indian movie nights have been organized on Sundays for the
workers living in Güzelhisar camp.


§ A new canteen has been serving at Güzelhisar camp.
§ A  backgammon  tournament  was  organized  at  Çayağzı camp


between 24 and 26 March 2016 for the project workers.   The
winners were awarded by the camp management.


§ An open air concert was organized at Çayağzı camp following the
tournament.


Photo: View from Open Air Concert at Çayağzı Camp


 Terms of Employment


§ All current employees of STAR are continued with a signed
contract between both Parties (Employee and Employer) which
clearly documents elements of hours of work, wages, overtime,
liabilities, charges and supplementary fees, leave/permissions,
termination of contract and compensation as standard items. All
contracts comply with Turkish Labor laws and Regulations
respectively.


§ Authorities from STAR Human Resources department engage
with employee representatives on frequent basis and whenever
required. Two employees from Construction HSE department
(two technicians) are selected and assigned as Employee
representatives and act as Lead Representative and Assistant
Representative.
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5.6 Occupational
Health and
Safety
procedures
(Item 9)


Guidelines for these procedures was issued and approved in August 2014.


5.6.1. Implementations by STAR:


i) Produced OHS Plan and Work Procedures by STAR:  Several OHS
Plans and Procedures have been under implementation by STAR since
early phase of the project. Some of the key documents include the
followings:


§ Health,  Safety,  Environmental  and  Security  (HSES)  Plan  –  Site
Preparation (000-A-PE-007-0014)


§ HSES Incident Reporting and Investigation Procedure (000-A-PE-
0190001)


§ STAR Emergency Response Plan
§ Risk Assessment Procedure (only available in Turkish, STAR SE PR-


003)


ii) Implementation of OHS Management System:


OHS Monitoring: STAR’s construction HSE team continued with
conducting regular OHS monitoring both on the site and at associated
facilities  of  the  project  including  Çayağzı,  Güzelhisar  camp  sites  to
verify compliance with the OHS procedures and standards of the
project. All non-compliances observed by STAR are communicated
immediately to involved personnel (both STAR and Contractor) and
reported to Contractor within observation card format as well as
being highlighted at construction HSE meetings and other relevant
platforms.   In return, Contractor’s HSE team provides update on their
responsive actions to close open observations on timely basis.


Owner has 7 days 24 hours on duty HSE Technicians to monitor the
activities being carried out on site. The main focus of this team is to
monitor the weekends and the nightshift work and also support the
normal week-day HSE teams.


At present, one Construction HSE Manager together with 4 Safety
Coordinators, 4 Safety Supervisors and 12 safety technicians executes
OHS monitoring of the project.
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Occupational
Health and
Safety
procedures
(Item 9)


HSE Performance Card System


STAR Project Management Team (PMT) continued with HSE scorecard
system to promote and monitor HSE performance of all PMT
personnel. The system allocates certain engagement activities to
individuals with identified frequencies (weekly, monthly, yearly, at
each occurrence) and are to be reviewed at quarterly periods for
overall HSE performance. The results are shared at management
meetings for updating personnel in general on their progress with an
aim of promoting improvements in overall performance.


Some of the activities included in the activity engagement table are
listed below:


§ Participation in HSE events occasionally (award ceremonies and
other)


§ Participation in Contractor HSE meetings
§ Participation in SSHE Committee Meeting
§ Presenting HSE Moment in Meetings
§ Reporting site observations through observation cards
§ Participation in Contractor/subcontractor’s general toolbox


meeting
§ Attending walkthroughs (i.e. management, supervisor, safety,


environmental, hygiene)
§ Participation in Incident & Near Miss Investigations
§ Participation in HSE or Social Audits/Inspections
§ HSE Site Inspections/Visits with Contractor HSE
§ Participation in/Witnessing Drills


Communications


The following measures continued to be implemented by STAR in
terms of fulfilling requirements of OHS management:


§ STAR Administrative Affairs team has continued with providing
Personal Protective Equipment (PPE) for each employee and
notified on appropriate use of these materials provided for their
utility.
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Occupational
Health and
Safety
procedures
(Item 9)


§ Preparation and dissemination of any incident information
among  STAR  employees  shortly  after  their  occurrence  have
continued by STAR Construction HSE team.  These initial incident
notifications including visual materials strengthen awareness
levels  of  employees  on  HS  aspects  by  depicting  causes  of
incidents and sharing lessons learned.


§ Weekly construction HSE meetings continued with participation
of STAR and Contractor where all non-conformities, gaps and
weaknesses on HSE aspects are shared and reviewed. The
meeting also provides opportunity for discussing proposals of
improvements of which minutes are regularly and officially
recorded.


§ Any pending or specific issues awaiting/requiring  Contractor’s
immediate actions are officially communicated via letters by
Owner.


§ Monthly and Quarterly HSE Review Meetings continued with
participation of both Contractor and Owner management where
hot HSE topics and major incidents were discussed and reviewed
together with  performance against the targets.


§ OHS notice boards continued to be maintained in STAR site
offices where recently issued safety bulletins, safety tips related
instructions and lessons learnt are posted for employee OHS
awareness.


§ OHS Committee established by STAR OHS Management according
to Law No.6331 and Regulation on Health and Safety Committees
(Off. Gaz. 28532, 18/01/2013) meets every month including
participation by Contractor’s representatives.  The    Committee
oversees      the      OHS  management  system  adequacy  of  the
relevant measures taken for the project, and taking necessary
decision for corrective actions and responsive planning while
providing guidance to employees as a result of the discussions.
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Occupational
Health and
Safety
procedures
(Item 9)


Trainings


§ HSE induction and instruction trainings are provided to all STAR
employees  by  third  party  HSE  Consultant  Bir  İzmir  prior  to
commence of work. Each employee is trained via presentations
including video materials and provided with an HSE manual at the
end. These trainings provide information on the requirements of
local OHS regulations as well as on Company’s HSE program in
place. Each trainee is subject to a multiple choice questionnaire
exam at the end and being issued internal guidance/instructions
booklet. Statistics for those who received site inductions are
provided under section 5.2 Training and Awareness Procedure.


Owner’s HSE Incentive Program


§ Owner continued with implementing HSE incentive program on
monthly basis for promoting involvement of members of Project
Management Team (PMT) in identifying unsafe
behaviors/conditions. The program gives opportunity for
preventive actions to be taken before such non-compliances may
lead to an HSE incident in addition to the objective of increasing
HSE awareness. Following introduction of HSE Incentive Program,
the observations received from PMT personnel presented an
increasing trend in number.


Figure: Example of Announcement on an HSE Award Winner
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Occupational
Health and
Safety
procedures
(Item 9)


§ Three winners (two in H&S and one in environmental categories)
whose observations are voted most based on results of the
voting (open to STAR employees) are awarded and celebrated
upon an award ceremony held in STAR offices.


Photos: Views from an HSE Award Ceremony
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Occupational
Health and
Safety
procedures
(Item 9)


Hazard/Risk Identification and Management


As per Risk Assessment Procedure which has been prepared in
consultation with all relevant departments and under
implementation, over hundreds of hazards have been identified with
responsive precautions. The procedure is a living document which is
periodically reviewed and updated whenever applicable.


Drills


Owner carried out a joint (PETKIM, STAR and TSGI) drill at Chlorine
Alkaline Plant inside PETKIM in January to test and improve the
emergency communications between the Parties. PETKIM and
Contractor’s  teams  working  in  close  vicinity  and  Emergency
Response(ER) teams were taken a part in responding to the drill.


Employee Well-fare


§ All employees including employees working at STAR site office as
well as the entire staff of Contractor and Sub-Contractors benefit
from catering services provided by Akyıldız Catering Company at
different locations of the site, the camp and office areas.


§ STAR continued with provision of guesthouse facility at PETKİM’s
premises for employees mobilized from other cities during their
temporary stay until their proper settlement in a local residential
area on their own.


Walkthroughs/Inspections:


§ Several walkthroughs continued to be executed with an objective
of enhancing HSE performance of Contractor and all Sub-
Contractors against the legal and project specific requirements
where STAR Construction and HSE teams including management
from both Owner and Contractor dedicatedly participate and
contributes to site visit findings and awareness raising talks.
These activities are specifically listed under the next section titled
as “Implementations by Contractor”. Following the site
walkthroughs, observations are recorded in the relevant reports
and  the  action  items  are  registered  by  Contractor  in  the
Observation Log for close-out.
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(Occupational
Health and
Safety
procedures
(Item 9)


§ A schedule has been issued for the planned walkthroughs where
participants from different disciplines and management are
included.


§ Random inspections were also performed regarding any
identified hot topics and/or frequently observed HSE issues (e.g.
fire hazards and smoking at PETKİM area).


Observations: Observations regarding any unsafe acts and behavior
are being reported via Observations Cards (STAR Card or electronic
copy of the form) and the records kept in a register to follow action
and close-out. The content of Observation card has been tailored to
the Project needs based on experience from 2015. An electronic copy
has been also rolled out for ease of reporting and sharing of
observations by the PMT personnel.


Toolboxes:


§ Toolbox Talks and pre-task meetings are conducted by
Contractor’s and Sub-Contractor’s personnel on site in which
Owner personnel also participate randomly.


§ In terms of improving HSE awareness in live plants (PETKIM),
regular toolbox talks on weekly basis have been initiated
where Owner and PETKIM’s representatives jointly
participate.


Accidents and Incidents Management: All incidents no matter how
minor are recorded and investigated by Contractor. Investigation of
high potential near miss, LTA, fatality and recordable cases are also
participated by STAR HSE team. As of end of June, 273 incidents were
recorded in the Incident log. Corrective actions included in the
incident reports, as per the root-cause analysis, to prevent
reoccurrence in future are being closely followed to take actions in a
timely manner and close the items of which the details are also kept.


Reporting: STAR  collects  and  reviews  HSE  KPI  statistics  from
Contractor and all relevant parties on weekly and monthly basis. HSE
team also communicates monthly HSE reports to STAR Management
including highlights of the month, critical issues and recommendations
in addition to   information on HSE specific KPIs and Loss Time
Incidents.
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Occupational
Health and
Safety
procedures
(Item 9)


5.6.2. Implementations by Contractor:


i) Produced OHS Plan and Work Procedures by TSGI: The  EPC
Contractor TSGI MI has been producing OHS procedures and
implementing these procedures upon approval of STAR according to
the commitments undertaken by STAR in the ESIA including Turkish
regulatory framework, IFC Performance Standards (in particular PS2)
and IFC General and Sector Specific EHS Guidelines.


iii) Implementation of OHS Management System:


§ As per the Organization details and Chart provided under the
section XXX, Contractor has divided the project site into three
main areas (Area-1, Area-2, Area-3) where dedicated HSE teams
are responsible for overall HSE management in their own areas.


§ There are also supervisors assigned with specific tasks including
the followings:


- Radiography
- Road and Traffic Safety
- Permit to Work
- Lifting Operations
- Mechanical Inspections
- Electrical Works
- Training
- Other


§ Contractor established satellite offices on site which has been
operational since the late first quarter of the year. The provision
of offices aim at improvement of site supervision including HSE.







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 55 of 117


Revision


Communications


In terms of fulfilling OHS requirements of OHS Management System,
the following measures have been implemented by Contractor:


§ HSE instructions communicated to the employees prior to start of
work by employees through site induction trainings including
visual materials, distribution of OHS hand-outs. Site inductions
inform employees to be in compliance with the requirements of
local OHS regulations instructions and to be aware of relevant
OHS issues in the workplace.


§ Videos providing safety guidance to subcontractors on ‘’Confined
Spaces’’, ‘’Safety Signs & Barrier Management’’ and
‘’Installation/inspection of Horizontal Lifelines’’ have been
prepared by Contractor and communicated to all Sub-
Contractors.


§ Contractor conducted Safety Stand down meetings  following
major  incidents  (LTI)  to  all  site  personnel  in  order  to
communicate lessons learnt from incidents and raise awareness
(i.e. stand down meeting on incident involving worker falling
from floor opening at main sub-station).


§ Grievance  Mechanism  for  Workers  has  been  in  place  for
recording  grievances  from  employees.  Grievance  forms  have
continued to be supplied through boxes located at several
locations of the site offices and employee resting areas. Those
forms provide option for anonymous applications where personal
grievances and recommendations for improvements can be
communicated to the Project management.


§ HSE Notice Boards: HSE Notice Board is available at the Site in
order to assure a proper communication and awareness in
particular targeting workers who do not have access to e-mail
services.


§ The Notice Board contains information regarding Emergency
Number,  Training  Program,  HSE  Services,  HSE  Alerts,  etc.  HSE
Notice Board is multi-language to enable understandings by the
foreign employees and visitors (Turkish, English).
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Occupational
Health and
Safety
procedures
(Item 9)


Figure: An example of safety toolbox talk on fire
§ Containers, tanks with hazardous materials are labelled properly


and MSDS both in English and Turkish are posted at storage
locations for instructing employees.


§ Safety Toolboxes: Safety Bulletins are distributed through mailing
lists on topics related to the Project (e.g. Lessons Learnt from
Accidents and Near Misses, Hot HSE Topics, new HSE procedures
issued, etc.) and/or related to other Sites/Projects.


§ Information on emergency codes, signings and signals are posted
at dedicated spots (including announcement boards at offices
and project site)


§ HSE Committee established between Owner and Contractor has
continued with meeting on monthly and quarterly basis. The
Committee oversees the HSE management system, adequacy of
the relevant measures taken for the project and taking necessary
decision for corrective actions and responsive planning and
discuss compliance with the national regulations.


Trainings


§ Bir İzmir (OHS Service Provider Company) which is specifically
contracted for HSE training services continued with provision of
site inductions to all workers and each visitor. Site inductions are
followed by multiple choice questionnaire exams. Those who
pass the exams are provided with HSE induction card that
presents information on emergency contact people.


§
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Occupational
Health and
Safety
procedures
(Item 9)


§ A Leadership in Health and Safety (LIHS) program was initiated by
Contractor’s Corporate HSE team in February with an objective of
raising HSE awareness and culture of supervisory personnel of
Contractor and Sub-Contractors(incl. management). The initiative
was followed by Train-The-Trainer programs which in return were
delivered to over 75 supervisory personnel. The program will
continue throughout the Project.


§ The statistics regarding those who received site inductions are
provided under section 5.2 Training and Awareness Procedure.


Site Medical Point


§ The site medical centre has been operational with medical
personnel and ambulances (four) being available for
7daysx24hours. In addition, a medical center has been
operational at Çayağzı camp mainly focusing on legally required
medical checks for new employees.


OHS Monitoring


§ Contractor’s construction and HSE team conducts regular OHS
monitoring both on the site and at associated facilities of the
project including the forest dumping site to verify compliance
with the OHS procedures and standards applicable to the project.


§ All non-compliances observed by TSGI are communicated
immediately to involved personnel (both Contractor and relevant
Subcontractors) and reported through channels including
observation cards, meetings, e-mails and other.


§ Risk Assessment and Job Safety Analysis (JSA) carried out by
competent people and submitted by the HSE analyst to the
Discipline Supervisor and HSE Manager for approval.


Hazard/Risk Identification and Management


§ All  tasks to be performed by Contractor and Subcontractors are
subject to a written Method Statement and a Risk Assessment.
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§ A Risk Assessment is required for each activity by Subcontractors
and mitigation measures are implemented before
commencement of work in line with Turkish Law 6331.


Drills


A total number of 89 OHS drills with various types carried out by
Contractor or either by Sub-Contractors within the monitoring period.
These are listed below:


Drill Type Number
Confined Space Rescue Drills 6
Rescue from Restricted Area 2
Evacuation Muster Drills on Site 8
Evacuation Muster Drills at Office 5
Gas Leak Local Evacuation Drills 9
Heart Attack at Office Drills 5
Heart Attack at Site Drills 6
Minor Fire on Site Drills 12
Minor Fire at Office Drills 7
Rescue from Height Drills 10
Security Drills 7
Minor Injury at Office Drills 3
Minor Injury on Site Drills 8


Photos: Views from the Rescue from Height Drill by Sub-Contractor
IOTVITO
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Occupational
Health and
Safety
procedures
(Item 9)


Employee Involvement


Involvement of individual employees in OHS management has been
promoted through the following measures:


§ Health and Safety Observation cards are provided at several
locations both at the site offices and construction site for
recordable observations of employees.


Contractor’s HSE Incentive and Awareness Programs


§ HSE Awards: Contractor has continued with conducting HSE
Award Ceremonies on monthly basis where positive behavior
and good HSE performances are awarded by Management.


Photos: Views from Award Ceremony
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Occupational
Health and
Safety
procedures
(Item 9)


The award categories included the followings:


- Best Safe Performing Sub-Contractor
- HSE Awareness
- Green Cards Awareness


§ World’s Safe Day: Contractor initiated a Workers’ Children Drawing
Contest with an objective of increasing HSE awareness on the
occasion of World Safe Day celebrations.


Photo: View from World Safe Day Celebrations


§ Safety Campaigns:  Safety  campaigns  rolled  out  by  Contractor  has
focused  on  the  topics  of  “Hand Safety”,  “Working  at  Height”,  “Fire
Prevention” in consideration of associated risks of the Project at the
time.


Figure: Banners of Safety Campaigns
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§ Improvements observed on site with additional banners, posters
to increase awareness regarding safety campaigns were provided
by Contractor.  Big boards presenting PPE requirements were
also installed at most visible locations of the site.


Photo: View of a Banner from the Office Area


Job Hazard Analysis


§ Job Hazard Analysis (JHA) tool has been under implementation
for identification of hazards associated with each project activity
while providing responsive measures for controlling or mitigation
of them.


§ Job  Hazard  Analysis  is  provided  according  to  Contractor’s
procedure on JOB SAFETY ANALYSIS (000-A- EE-0190326).


Employee Well-fare


§ Resting places at the workplace have been provided  employees
of Sub-Contractors, with safe and evacuation conditions and
supplied by fire extinguishers and HSE notice boards.


§ A  catering  service  with  a  common  menu  for  all  workers
continued to be provided by Akyıldız Catering Company for each
subcontractor at decent and hygienic eating areas that are
located at the project site, Çayağzı and Güzelhisar camp areas.
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Occupational
Health and
Safety
procedures
(Item 9)


Audits and Inspections


§ Contractor conducts periodical audits and inspections to Sub-
Contractors. As part of inspections, walkthrough activities are
addressed on weekly or monthly basis at selected project areas
involving participants from STAR, Contractor and Sub-Contractors.
These routine inspections are performed in order to identify and
rectify existing problems and to avoid problems that require
proactive actions. Contractor has increased the frequency of some
of the activities while added specific type of activities for improving
HSE performance of Sub-Contractors:


- Monthly HSE Audits to Sub-Contractors
- Weekly Management Walkthrough
- Weekly Supervisors HSE Walkthrough
- Weekly Environmental Walkthrough
- Bi-weekly Drive-through
- Bi-weekly Camp Inspection (health, hygiene)
- Bi-weekly Canteens inspection
- Bi-weekly Welfare facilities inspection
- HSE specific inspections (scaffolding, PPE, portable tools)


§ Observation noticed during the HSE Walkthroughs/Inspections are
recorded on a database and used for preparation of Safety
Indicators.


§ Contractor regularly maintains and submits inspection logs and
action registers to STAR HSE team.


Accidents and Incidents Management
All incidents including near misses and hazards are reported to Owner
by Contractor immediately. Detailed investigations are also conducted
by Contractor for those necessary in terms of identification of root-
cause  of  the  incident  and  for  implementing  necessary  measures  to
avoid re-occurrence. Further details are provided in procedure 000-A-
EE-0190334 INCIDENT INVESTIGATION AND REPORTING PROCEDURE.


Reporting


Contractor provides HSE statistics to Owner on weekly and monthly
basis. Reports include updated information on HSE specific KPIs, Loss
Time Incidents and others.
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Occupational
Health and
Safety
procedures
(Item 9)


Planned Activities for Next Monitoring Period:


1. An Incentive Mechanism Procedure is under preparation by
Owner and will be effective from August  2016.


2. Contractor to issue first revisions of HSE plan and procedures
in relation to Pre-Commissioning, Start-up and
Commissioning Phase.


3. As part of Occupational Exposure and Monitoring Program,
following monitoring activities planned by Contractor:
§ Occupational noise and dust measurements
§ Illumination Monitoring for Office and Construction Site
for
§ Thermal Condition Monitoring for Office
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5.7 Supply Chain
Management
Plan (Item 10)


Issued in August 2014.


In relation to engineering phase of the project, EPC Contractor has
developed the following specific procedures which have been
effective among Vendors in order for them to be in compliance with
the HSE requirements of the Project.


i) HSE Requirements for Vendors (000-A-EE-0190302)


ii) HSE Design Safety Philosophy  (000-A-EE-0190304)


Accordingly, each Vendor shall demonstrate acceptable HSE
performances and/or guarantee certain emission thresholds and
safety specifications for their supplies and services that are subject
to  review  process  by  STAR  and  Contractor  upon  vendor  data
submitted by them.


With regards to construction phase of the project, EPC Contractor
orders all Sub-Contractors to comply with the Contractor’s HSE Plan,
Procedures and specifications while requiring them to issue their
own procedures accordingly.


One of the other adopted practices for supply chain management of
the Project is the execution of planned HSE audits as planned where
Contractor scrutinizes HSE documentation of Sub-Contractors and
inspects site implementations of the teams. As an outcome of the
audit process, Contractor produces a management review on HSE
performances of all Sub-Contractors and reports findings for the
areas requiring improvements.
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5.8 Resource
Efficiency
Management
Plan (Item 11)


Issued in August 2014.


Implementations by Contractor


§ In accordance with Contractor’s Resource Efficiency Management
Plan, second environmental campaign on “waste sorting” topic were
addressed during the first half of the year. As part of the campaign,
awareness stickers and posters were demonstrated at notice boards
while specific toolbox talks were delivered to site and office
personnel. The campaign aimed at increasing good practices in waste
sorting. As a result, recycling practices for waste has been promoted
which in return is to reduce amount of waste with material value
going  to  the  landfill  sites  as  well  as  increasing  awareness  on
inappropriate hazardous waste disposal practices in order to
preserve natural sources from any pollution generated due to mix of
hazardous and domestic waste that are dumped at landfill sites.


Figure: Poster on Environmental Campaign for “Sorting Waste”


Planned Activities


§ Rolling out next campaign on “water saving” topic for the second
half of the year
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5.9 GHG
Management
Plan (Item 12)


This Plan is due prior to the start of operations [Jul. 2017]


5.10 Air emissions -
Prevention and
Control into the
Refinery fences
(Item 13a)


This Plan is due prior to the start of operations [Jul. 2017]


5.11 Air emissions -
Air Quality
Monitoring
program
(Item 13b)


Issued in August 2014.


§ Based on the requirements of “Ambient Air Quality Monitoring
Plan” which defines the activities needed for filling the data gaps on
existing baseline air quality studies (i.e. air quality data before the
start of refinery operations), the measurement activities will be
initiated in 8 receptors outside the project area in the last quarter of
2016. Technical content for request of proposals has been already
prepared by Golder Associates (GA). Procurement of measurement
services and mobile devices for air quality monitoring planned to be
initiated in September this year under the supervision of GA.
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5.12 Sea water and
groundwater
monitoring
plan (Item 14)


Issued in August 2014.


Seawater Monitoring Activities by Contractor


§ As  per  the  requirements  of  ESAP  item  4f2,  Contractor  repeated
seawater sampling activity in March as part of annual monitoring
activities.


Figure: Seawater and Sediment Sampling Points


The following parameters were analyzed for each sample.   The analysis
results are provided in the Appendix- 5.


Analyzed Parameters
- Conductivity
- Dissolved Oxygen
- Light Transmittance
- Oil and Grease
- pH
- Salinity
- Temperature
- Turbidity
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5.13 Waste water
management
(Item 15)


Issued in August 2014.


Implementations by Contractor


§ Sources of wastewater is limited to sanitary wastewater and listed
below:


1. Sanitary wastewater generated at the construction site is
regularly pumped from the portable toilets and disposed at
licensed plants by third party service providers La Terra and
Torrent.


2. Domestic wastewater generated at the construction site offices
is directly received at PETKİM’s WWTP for treatment prior to the
discharge. The WWTP complies with the national discharge
limits.


3. Domestic wastewater generated at Çayağzı and Güzelhisar
camps are treated via Package Treatment Units.


§ The domestic wastewater generated at Çayağzı camp has been
treated through a Package Treatment Unit which has a daily capacity
of 1200 m3.  In  order  to  ensure  reduction  of  oily  water  load  of  the
influent water, an oil skimmer has been operational at the outlet of
kitchen sanitary water network. The permit application process has
been at final stage for obtaining license to operate and discharge to
the sea.


Permit Application Step Date


Request of Acceptance from Provincial
Environmental Directorate on
Discharge to the Sea


10.08.2015


Audit by the Provincial Directorate 21.08.2015


Response by the Directorate to the
Request of Acceptance


28.08.2015


Application for Temporary Operations
License (Geçici Faaliyet Belgesi(GFB))


1.10.2015


Granting of GFB by the Directorate 25.01.2016


Water Sampling Activity 28/29/30 June 2016


Application for Permit License 25.07.2016
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§ Wastewater generated from Güzelhisar Camp is also treated via a
Package Treatment Unit. The permit application process is provided
below.


Permit Application Step Date


Request of Acceptance from Provincial
Environmental Directorate on Discharge
to the Sea


18.01.2016


Audit by the Provincial Directorate 28.01.2016


Response by the Directorate to the
Request of Acceptance


3.02.2016


Application for Temporary Operations
License (Geçici Faaliyet Belgesi(GFB))


1.03.2016


Granting of GFB by the Directorate 3.04.2016


§ Construction and restoration of storm-water channels at project site
has been an ongoing process. One of the settlement ponds (Point-B)
has been operational since the winter.


§ Contractor ensures proper management of all sewage water sources
by demanding agreements with third party service providers and the
receivers of generated waste water. All trucks carrying wastewater
goes under security check where all waste records and approvals by
Contractor’s environment team are checked by the Security Guards
which ensures control of transportation and disposal practices.
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5.14 Soil and
Contaminated
land
management
(Item 16)


Issued in August 2014.


Activities by STAR:
§ As  a  response  to  the  action  item  ENV  2.7  raised  by


D’appolonia during their last site visit, soil sampling and
analysis campaigns aimed at identifying if any pollutants are
present in the soil were addressed by Golder Associates
(GA).  The site visits by Geological Engineer Volkan Sevilmiş
were carried out  on 19 February and 8 June 2016 to collect
the samples from the following areas:


- Top-soil that has been stripped and stored onsite in piles
for reuse during landscaping and/or reinstatement of
the Project site


- In-situ soil remaining within/near the contours of former
four naphtha tanks that have been dismantled between
2013 and 2015


Photos by Golder Associates: Soil  Sampling Locations at  the Former Naphtha
Tank Area and the New Site with three new tanks already constructed; Top Soil
Piles: Site Top Soil Pile and Terrace-A Top Soil Pile (dated 15 June 2015);
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Soil and
Contaminated
land
management
(Item 16)


Location Description Coordinates (UTM ED50)
Easting (m) Northing (m)


NS-1 Former naphtha tank area:
4 m of new fill material was
encountered underlain by
bedrock (basalt).
No sample was collected from
the new fill as it would not
represent the impacts from the
former naphtha tanks.


493716 4293991


NS-2 Former naphtha tank area:
Natural soil down to 1.5 m
below ground level (bgl).
Sample collected from 1.5 m bgl.
Natural soil is underlain by
bedrock (basalt).


493667 4293931


NS-3 Former naphtha tank area:
No soil was encountered.
Granite bedrock.
No soil sample was collected.
Drilling was stooped at 1m bgl.


493603 4293865


NS-4 Former naphtha tank area:
No soil was encountered.
Granite bedrock.
No soil sample was collected.
Drilling was stooped at 1m bgl


493589 4293782


Silo Top
Soil Pile


8 samples were collected from
the top soil pile located by the
silos (namely “Silo Top Soil
Pile”) and were combined to
form a composite sample.


- -


Terrace A
Top Soil
Pile


8 samples were collected from
the top soil pile located on the
terrace (namely “Terrace A Top
Soil Pile”) and were combined
to form a composite sample.


- -


§ Based on the laboratory results and the background information
about the site, discussion of results presented by GA are as follows:


- The results were interpreted according to the Turkish Regulation
and the relevant guidance documents. According to the
Contaminated Site Risk Assessment Guidance Document, the
results of the analyses were compared with the limit values listed
in the “Ingestion of Soil and Absorption via Dermal Contact”
column.


- The results show there is no significant impact from the former
naphtha tanks at the Site or put in evidence via laboratory analyses
or via direct observations during the field work.







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 72 of 117


Revision


- Arsenic and Beryllium concentrations exceeding the regulatory limits
are inferred to be due to the geology of the Site and are in line with
concentrations put in evidence during Golder’s previous soil baseline
survey in 2015.


- The elevated metal concentrations in the soil samples were also
observed in the former Soil Quality Baseline Survey conducted by
Golder in 2015, at various other locations at the Site.


- These exceedances do not necessarily indicate a contamination.
Naturally  occurring  soil  within  and  around  the  Site  and  at  the
quarries where the fill material was excavated is of volcanic origin.
Volcanic rocks generally have higher metal  concentrations,  thus soil
derived from volcanic rocks is considered able to have higher
concentrations of metals compared to other soil types.


- The trace concentrations of PAHs observed in the Terrace-A Top Soil
Pile Composite sample are below the Turkish regulatory limits. These
trace  concentrations  are  most  likely  due  to  the  proximity  of  the
Project  Site  to  the  petrochemical  facilities  in  the  area.  The
concentrations do not infer potentially significant contamination in
the surface soil samples collected.


- The major volume of the soil excavated from the naphtha tank area
is  taken  off  site,  and  no  TOX,  TPH,  PAH or  BTEX  is  observed  in  the
sample collected from NS-2, which is the only sample collected, that
may represent potential past impacts from the former naphtha
tanks.


- The Site is currently under development and either the former soil is
removed or concrete is laid, eliminating the exposure pathway for
inhalation and dermal contact, had there been any contamination
detected.
(See Report on “Soil Quality Assessment: Top Soil Piles and
Dismantled Naphtha Tank Area, 26 August 2016” in the Appendix –
6).


Activities by Contractor
§ Sub-Contractors continued with supplying spill kits for heavy


machineries and established spill kit stations as a mitigation measure
to avoid fuel spills at non-controlled areas. Spill Prevention training
in particular for operators and truck drivers has continued.
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§ Spill drills continued to be addressed by one of the Sub-Contractors
on monthly basis.  Spill drill scenarios and report following drills
continued to be addressed.


Photos: Views from spill drill activities on site


5.15 Noise
Prevention and
Control -
Source
emissions
(Item 17a)


Issued in August 2014.
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5.16 Noise
Prevention and
Control –
Immission into
the
environment
(Item 17b)


Issued in August 2014.


§ Periodical environmental noise monitoring activities were addressed
by Contractor through a licensed measurement company TESTMER
between February 4 and 5 at five locations which were preliminarily
identified prior to Construction. The results of measurement are
provided in Appendix-7.


Planned Activities


§ The next periodical monitoring activities planned by Contractor will
take place in October this year.


Contractor’s Corresponding Document/Procedures:
* Responsive noise management measures committed by Contractor are
covered under the Contractor’s document Construction Environmental
Management Plan (no: 2245-000-A-EE-0190306)
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5.17 Dust_and_
other_
emissions_
Management
Plan (Item 18)


Issued in August 2014.


Dust Management Activities


§ 12 additional dust   suppression vehicles have been mobilized on site
and performing sprinkling activities on daily basis.


§ Each truck with capacities varying from 15 to 25 m3 maintains road
watering  activities  5  times  a  day  in  average  during  dry  weather
conditions.


COMPANY NAME NUMBER of
TRUCK


PROVIDED


WATERING AREA


TSGI 3 Main Roads at Area 1,2, 3 and Office
Area


TSGI Warehouses


YENIGUN - DERE 4 Office Area and locations which the
company is working at Area 1 and Area
2 and main roads at his area.Dumping
site.


IOT - VITO 1 The terraces which the company is
working at Area 1, 2 and 3 (Terrace 5-6,
11, C, D, E)


GEMONT 1 The terraces which the company is
working at Area 1 (Terrace 9 ve 11)


ILK CONS. 2 The terraces which the company is
working at Area 1 and 2 (Terrace 2-3, 9,
10)


GEMSAN 1 The terraces which the company is
working at Area 2 and 3 (Terrace A, B, 1)


ES GROUP 2 All Area 3 and forest dumping site.


DES (Reclamation) 1 Marine works at Area 3.


TOTAL TRUCK
NUMBER


15
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§ Contractor’s Dust Management Plan was revised in which roles and
responsibilities between Contractor and Sub-Contractors are
precisely established in terms of watering activities. The
construction site has been divided into areas and each area has been
assigned to a specific sub-contractor as shown below while
Contractor TSGI MI is responsible for suppression activities at
common roads.


Figure:  Map showing routes and areas of dust suppression activities


§ Contractor’s environment team has been in charge of coordinating
entire dust suppression activities on site and closely follows up
activities throughout the day. As a result of both logistical and
organizational improvements, dust suppression measures have been
observed to be sufficient and no complaints received by employees
within the monitoring period.
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Photos: View from dust suppression activities at Project Site.


§ Settled dust measurements were carried out by a licensed third
party TESTMER between 22.01-22.03.2016 for two months in
accordance with the sampling procedure and plan identified
prior to construction. The locations where measurement
activities by application of gravimetric method   are as follows:


-     PETKİM lodging


- Office region


- Terrace 13 Entrance Door


- Terrace 5-6 Forest Area


 The results of measurements are enclosed in Appendix-8.
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5.18 Waste
management
plan (Item 19a)


Issued in August 2014.


Implementations by Contractor:


§ Waste management company La Terra has signed contracts with
most of the Sub-Contractors and has extended waste management
services on site.


§ Waste receipt forms which demonstrate producer, waste type, and
amount and transportation information have been in use between
the Parties of producer and La Terra.


Figure: La Terra Waste Receipt Form


§ Project  specific  waste  transportation  forms  have  been  also  in  use
and subject to approval/ signature by Contractor’s environment
representative prior to transportation of wastes outside of the
Project area.


§ Sub-contractor increased number of waste containers, skips and
hazardous waste storage areas at site throughout the monitoring
period. The waste map depicting places of such facilities are updated
on regular basis for information of Sub-Contractors.
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Figure: Map presenting waste containers and stations


Figure: Increase in number of waste skips between
December 2015-August  2016
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Figure: Increase in number of waste containers between December
2015- August 2016


§ Within the monitoring period, number of waste management trucks
has reached to 8 while a total number of 18 personnel with specific
roles and responsibilities have become operational at site.


Photo: View of a temporary waste storage area from the Site


§ New bulletins regarding waste management and waste sorting were
issued for re-highlighting the importance of waste segregation
practices.
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§ Contractor continued with organizing cleaning campaigns on weekly
basis by active participation of Sub-Contractors under the
coordination of Contractor’s environment team. In total, 13 cleaning
campaigns were carried out during the monitoring period.


 Photo: Views from Waste Cleaning Campaigns
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§ Environmental bulletins issued in April and June focused on
hazardous waste management and waste segregation practices
respectively. Waste segregation bulletin in which color coding of
bins, labels and new were recapped for employees’ attention while
recently introduced bag color codes were also communicated for the
first time.


Figures: Environmental Bulletins issued in April and June


§ Medical wastes generated due to health service unit operations at
the project area are stored and managed in compliance with
“Regulation on Control of Medical Wastes” without mixing in any
way with other wastes.  Recyclable wastes are collected in the
recyclable boxes and medical wastes are collected with red bags in
the “Medical Waste Box” at the medical service unit. Collected
wastes are locked in “Medical Waste Container” and properly
managed in accordance with the “Regulation on Control of Medical
Wastes”.


§ The domestic wastes produced in the Health Service Units are
collected in red colored garbage bins, bags and transported for
disposal via licensed companies on routine basis.
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5.19 Hazardous
materials
management
plan (Item 19b)


Issued in August 2014.


§ Hazardous Materials are maintained together with their associated
Material Safety Data Sheets (MSDSs) at temporary storage locations
by each Sub-contractor.


§ Contractor has been providing updated list of MSDS for Owner’s
information and records which verifies consistency between
substances entering to the site and type of hazardous wastes
disposed.


§ Contractor’s HSE team conducts periodic inspections on storage
locations in order to review compliance with appropriate storage
conditions while checking availability of MSDSs.


5.20 Workers and
Community
Health
management
plans (Item 20)


Issued in August 2014.


Extensive pre-employment health checks are conducted prior to commence
of work on site. Periodical checks for all employees are carried out on annual
basis.
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5.21 Traffic
management
plan (Item 21)


Issued in August 2014.


§ In May, Owner has initiated a defensive driving training (including
both theoretical and practical modules) provided by a third party
which targets all Owner personnel driving vehicles.


§ Since January, Contractor has been implementing a Safe Driving
training requiring all site personnel to undergo and pass the
associated exam in order to be licensed and authorized for driving on
site. The authorized personnel are provided with safe driving badges.


§ Regular service, maintenance and regulatory compliance checks
including exhaust emissions are conducted on routine basis for
entire vehicle fleet and heavy machinery.


§ In order to effectively communicate any road closures, Contractor
issues a road closure map to the Project personnel on daily basis.


§ Contractor performs regular drive-through inspections on site which
is led by a traffic coordinator and participated by Owner.
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5.22 Security
Management
plan (Item 22)


Issued in August 2014.


Implementation by STAR


STAR’s Security Manager oversees Contractor’s Security Management
System and observes such operations on routine basis. Procedure and Plans
submitted by Contractor on security is reviewed and supervised under the
coordination of Security Management in cooperation with relevant
disciplines.


Implementations by Contractor


i. Organizational Structure: Security management is implemented by the
Owner’s Contractor TSGI Engineering Construction (TSGI MI) Company who
is responsible with ensuring highest possible level of protection of the
project site and its assets. The following chart presents the roles and
organization structure as per overall security management of the project.
Contractor acquires private security services from a third party (ISS Proser
Security Services) to provide qualified, uniformed security personnel on 7X24
hours basis for routine security operations.


Procedures/Plan


The following documentation applying to the Owner, Contractor and
subcontractors working in the relevant project areas was produced by TSGI
MI and updated when necessary.


- Security Procedure for Material Control (DOC no: 2248-000-A-EE-
0190652)


- SOP (Standard Operating Procedures) for Security of Temporary
Facilities (DOC no: 2248-000-A-EE-0190672)


- SOP Access Procedures to ARP Sites (DOC No: 2248-000-A-EE-
0190670)


- SOP Line of Communication and Reporting (DOC No: 2248-000-A-
EE-0190671)


- SOP Missing Personnel (DOC No: 2248-000-A-EE-0190656)


- Security Plan (DOC no: 2248-000-A-EE-0190310)
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Security
Management
plan (Item 22)


Implementations/Mitigation Measures


i) Induction/Trainings, Exercises: TSGI  MI  as  required  within  the
scope of activities provides Security Awareness Briefings to the
new comers of the project. Essential information including site
security status of the operation area, security implementations,
standing security procedures, security access, general security
advices and contact numbers of responsible security team are
provided to those for their orientation on security aspects and
also supplied with “Welcome Security Booklet” which contains
practical security information for the Project site, Aliağa and
Turkey in general.


The security team has been also informed on the Grievance
submission channels as part of Grievance Procedure for Workers.


Within the first half of 2015, several trainings were provided to
the security team on the topics including General Authorization
of PSGs, General Procedures for SSs, SOP Access Procedures and
HSE Induction.


ii) Reporting: TSGI MI has continued with preparation of daily and
weekly security reports where information on the following
topics shared regularly:


- Security Operating Level
- Manpower
- Security Environment
- Logistics
- Recommendations and Requirements
- Communications


Other Security Related Issues:


In addition to the routine reporting, security specific incidents are
communicated through incident reporting while situation
reporting is conducted for cases where risks are foreseen and
follow up actions recommended. These reporting channels
ensure immediate reporting on breaches of security to the Site
Security Coordinator.
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Security
Management
plan (Item 22)


iii) Other: Other mitigation measures have been applied by the
Security team includes:


§ Physical security measures including fencing, watchtowers.
§ Access Control Systems measures including issuance of


temporary entry badges that grants access to the site for
authorized vehicles and people


§ Two patrol teams consisting of two security guards have been
operational for ensuring transportation of security guards in
charge of remote areas of the project site.


§ Journey Management for logistics and administrative
management of those on an assignment and travelling for
business in the country are implemented for safety, traffic and
security management aspects.


§ Maintaining close relations with local law enforcement
authorities for close coordination on security issues in case of
need.


§ Random inbound & outbound vehicle searches are conducted
on site in order to provide material control and loss
prevention for company assets.


§ Compartmentation of areas and restricting access to these
areas with authorized personnel and vehicles only is a part of
access control measures which is intended to reduce risk of
having accidents in these areas as far as practical.
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5.23 Biodiversity
Action Plan
(Item 23)


Issued in August 2014.


Activities by STAR


§ Third monitoring campaign on marine biodiversity was conducted by
Dokuz Eylül University the Institute of Marine Sciences  and
Technology (DEU-IMST) between 17 December 2015 and 27 June
2016. The field studies were carried out from 8 to 9 February, 11 to
12 April and 23 to 26 June10. The campaign consisted of the
followings activities:


Monitoring of habitats characterized by the presence of
P.oceanica: The third leg of P.oceanica meadow monitoring was
held between 23 and 26 June 2016. The monitoring parameters
were measured and samples were taken for P.oceanica monitoring
by divers. P.oceanica vertical rhizome samples were measured at the
laboratory for phenology and lephidochronology.


Photos: Views from measurement activities by divers in situ behind
each marker


As a result of June 2016 measurements, the density of P.oceanica
decreases at station PO_01 and 04 while density of stations PO_02
and 03 also decreases but not as much as the others. The coverage is
also like density. However, the plagiotrophic rhizome percentage is
increasing specifically at the lower limit of the meadow. This may be
because of the stress of work P. oceanica tries to spread to survive.
Leaf longevity increased in June 2016 approx. 1,5 times more than in
December 2015. This may also depend on season or the leaves tries
to reach sun light for photosynthesis. After one year, the results
show that P.oceanica meadows at the Local Study Area (LSA) site
going through stressfull conditions. Especially the monitoring sites
(MON_PO_01 and 04) which are close to the jetties under stress
more than the other monitoring sites (MON_PO_02 and 03).







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 89 of 117


Revision


Biodiversity
Action Plan
(Item 23)


Monitoring of presence of marine mammals:
Cetacean surveys: On 26 June 2016, visual line transect method on
deck was implemented for third monitoring effort of Cetacean in the
LSA. The observers encountered just 1 bottlenose dolphin group
during the survey where the location of the encounter, group size,
distance were recorded.


Figure: Visual line transect routes on cetacean monitoring


Photos: Bottlenose dolphins T.truncatus observed on 26 June 2016


Monk seal survey: The entire coastal areas of LSA and buffer zone
had been searched for the potential monk seal caves. A total of 11
caves/caverns, among which 98 of them were in buffer zone had
been determined.
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Biodiversity
Action Plan
(Item 23)


A total of 24,392 pictures were captured. However, no monk seal
observations were detected neither in the LSA nor in the buffer zone.
Nevertheless, a few species’ pictures were captured. These were,
yellow-legged Gull Larus mcihaelis, rock  dove Coumba livia, litte owl
Athene noctua, grey heron Ardea cinerea and fox Vulpes vulpes.


Photos: Views from camera installation operations


Monitoring of heavy metals using mussel positioned on submerged
structures:  A total of 4 monitoring stations, one among of them at
north of the LSA had been place on 11 November 2015. The first
samplers were intended to be collected in February 2016. However,
only one sample from one of the preserved stations from a heavy
storm could have been collected in February. Two additional
samples  were  also  collected  in  April  and  June  2016.  Prior  to
replacement, one day earlier, all the mussels were obtained from
Foça and baseline samples were collected and stored at DEU-IMST
Chemistry Lab. Once four samples will be retrieved from these new
stations, the lab analysis will be carried out and results will be
shared in the next progress report.
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Monitoring of habitats characterized by the presence of hard
bottom communities: The pictures of the quadrats were taken on 24
June 2016. for measuring density and species of hard bottom
communities at the monitoring stations which had been installed
during the initial field work. In the reporting period, photoquadrat
analysis revealed 20 taxa belonging to 5 taxonomic groups (Algae,
Porifera, Polychaeta, Arthopoda and Mollusca).  Algea was the
dominant group in terms of species richness (14 specie) followed by
Porifera (3 specie), Polychaeta (1 species), Arhropoda(1 species) and
Mollusca (1 species). The entire report prepared by DEU-IMST is
enclosed in Appendix-9.


Activities by Contractor


§ Contractor has issued an environmental bulletin highlighting
importance of preventive actions against any offshore spills
considering marine biodiversity values of Nemrut bay and protection
of seawater quality.


Figure: Environmental bulletin on Marine Works


§ Contractor continued with monitoring sediment
accumulation in the LSA through the installed graduated stakes and
online turbidity buoy.


§ As a response to the identification of damages on the silt
curtain during DEU-IMST’s monitoring activities in December 2015,
Contractor ensured repair of the curtain by use of available spare
parts in February 2016.
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Photos: Views from the repair work of silt curtain


5.24 Terrestrial
Flora and
Fauna
Management
Plan (Item 24)


Issued in August 2014.


Nothing to report for the current monitoring period.


5.25 Invasive alien
species
prevention
(Item 25)


Issued in August 2014.


Nothing to report for the current monitoring period.


5.26 Chance find
procedure
(Item 26)


Issued in August 2014.


§ There have been no accidental findings discovered during the ongoing
site preparation works throughout the monitoring period. Regular site
observations have been conducted by HSE engineers during earth
moving operations at Area-3 which has been continuing since the
beginning of 2015.
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5.27 Audit and Non-
Conformities
Procedure


Issued in August 2014.


§ One of the weekly HSE management walkthroughs have been
dedicated to environmental theme since March this year  in order to
ensure active involvement of STAR and Contractor’s management
teams in highlighting and requiring corrective actions against
environmental non-compliances. Management level Environmental
Walkthroughs are conducted at last Monday of each month with
participation of construction director/managers and environment
teams of the Parties.


§ STAR and Contractor’s environment teams conducted environmental
audits to three waste management facilities within the monitoring
period. These are as follows:


Date Facility
Type of
Services Location License


19 Jan
Süreko Waste
Management


Collection,
Segregation,
Recycling,
Disposal


Kula,
MANİSA


Hazardous
and
Nonhazardou
s Waste
Recycling and
Disposal


21 June
Remat Geri
Dönüşüm


Collection,
Segregation


Aliağa,
İZMİR


Nonhazarous
Waste
Collection
and
Segregation


21 June
İzmirsan Geri
Dönüşüm


Collection,
Segregation,
Recycling


Menemen,
İZMİR


Nonhazarous
and
Packaging
Waste
Recycling


§ STAR environment team initiated a comprehensive and site specific
inspection  program since  May  in  line  with  the  requirements  of  the
Project where all relevant elements of the Management Plans are
considered in the inspection form. The content of the form which is
prepared according to the applicability on site has been road-tested
and fine tunings were addressed in the revision accordingly. STAR’s
environment team conducts inspections at different
area/terrace/units on weekly basis and communicates the findings to
Contractor for their information and responsive action (a copy of
inspection form  is provided in Appendix-10).
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Planned Activities


Audits planned during the next monitoring period to waste management
facilities which are in use for the Project are as follows:


In Mid-
October 2016


Sahalar Metal
Geri Dönüşüm


Collection,
Segregation


Muradiye,
MANİSA


Nonhazarous
Waste Collection
and Segregation


In Mid-
November


2016
La Terra Çevre
Hizmetleri


Collection,
Segregation


Menemen,
İZMİR


Nonhazarous
Waste Collection
and Segregation


5.28 Management
of Change
Procedure


Issued in August 2014.







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 95 of 117


Revision


5.29 Other
Accomplishm
ents


§ Contractor has included environmental award category under HSE
incentive program. Awarding of environmental good practices has
been promoting leadership and involvement of employees in
environmental management activities. In total, 24 employees (incl.
workers, supervisors, and foreman) were awarded during the
monthly award ceremonies which were held between January and
May with participation of STAR and Contractor’s management
teams.


Photo: Views from Awarding Winners under Environmental Category
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6.0 CONCLUSIONS


The Project is in compliance with the requirements stipulated in the EIA


consents.


The Project is following the requirements of the ESAP and ESIA.


7.0 UPDATE ON PROJECT DOCUMENTATION STATUS


The Table in Appendix 4 of this report provides the updated timeline for:


· the documentation submission from Star/Golder to Lenders’ advisors;


· the documentation review by Lenders’ advisors;


· the documentation revision/amendment by STAR/Golder; and


· the documentation approval by Lenders’ advisor.







STAR AEGEAN REFINERY


DOCUMENT TITLE
Document No STR-SEP-REP-021


Sheet / Page 97 of 117


Revision


APPENDIX-1  EIA Monitoring Report on Socar & Turcas Aegean Refinery Project (Monitoring No: 24)


APPENDIX-2  EIA Monitoring Reports on Jetty 1 and 2 Area (Monitoring No: 8&9)


APPENDIX-3  EIA Monitoring Report on Socar & Turcas Aegean Refinery Project (Monitoring No:


25& 26)







PSF-DCC-0005_1


APPENDIX 4 – WORK PROGRESS TABLE BY THE END OF JUNE 2015


PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


ESHS Policies 5 August


25 August
APPROVED
MINOR
COMMENTS


Associated facilities and Supply
chain IA


6 August


26 August
APPROVED
MINOR
COMMENTS


Dumping areas MP 6 August


26 August
APPROVED
MINOR
COMMENTS


Supply chain MP 14 July 21 July 5 August
25 August
APPROVED


GHG emission report 7 July


Risk Assessment 27 June 3 July 28 July 1 August APPROVED


JHA procedure 11 July 21 July APPROVED


ESMS Manual 27 May 10 June 15 July 1 August APPROVED


Audit Procedure 20 June 21 July 23 July
1 August
NotAPPROVED
(Clarifications


6 August
19 August
APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


needed in the audit
program)


Training Procedure 11 July 21 July 23 July 1 August APPROVED


SEP 16 Jun 3 July 21 July
1 August APPROVED
MINOR COMMENTS


Grievance Mechanism 30 May 10 June 21 July 1 August APPROVED


Local Workforce Recruitment 17 Jun 26 June 5 August 6 August APPROVED


Employment 23 July 28 July 6 August 8 August APPROVED


OHS Plan 30 June 14 July 5 August 6 August APPROVED


Resource Efficiency 16 Jun 23 June 21 July
1 August APPROVED
MINOR COMMENTS


See Item 18 x x x x x x


Seawater Sediment 30 June 21 July 23 July
1 August APPROVED
MINOR COMMENTS


Groundwater Quality Monitoring 16 Jun 26 June 21 July 1 August APPROVED


Wastewater 1 July 14 July 21 July 1 August APPROVED


Soil 14 July 21 July 28 July 6 August APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


MINOR COMMENTS


Noise 16 Jun 26 June 21 July


1 August NOT
APPROVED
(Measures for
mitigating marine
noise during
construction missing)


6 August
19 August
APPROVED


Dust and other emissions 17 Jun 3 July 23 July


1 August NOT
APPROVED
(Sensitive receptors
and not just humans,
frequency of
monitoring)


6 August


19 August


APPROVED
MINOR
COMMENTS


Waste 27 June 14 July 28 July


6 August NOT
APPROVED (auditing
waste disposal
facilities before they
are retained)


6 August


19 August


APPROVED
MINOR
COMMENTS


Hazardous materials 4 Jun 25 June 15 July
1 August APPROVED
MINOR COMMENTS


Communicable_Diseases_Baseline 20 June 16 July APPROVED
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PLAN Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To Golder Golder to
Dapp


Dapp To
Golder


Communicable_Diseases_WHP 11 July 16 July 28 July
1 August APPROVED
MINOR COMMENTS


Traffic 27 June 21 July 28 July
1 August APPROVED
MINOR COMMENTS


Security 30 June 3 July 21 July 1 August APPROVED


Marine Biodiversity 27 June 21 July 28 July
1 August APPROVED
MINOR COMMENTS


Terrestrial Flora and fauna 4 July 21 July 6 August


8 August NOT
APPROVED
(monitoring fauna in
proximity of
dumping area
Güzelhisar D and
wetland)


8 August
19 August
APPROVED


Alien Species 30 June 21 July 28 July
1 August APPROVED
MINOR COMMENTS


Chance Find Procedure 23 July 28 July 5 August 6 August APPROVED
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TO  Socar Turcas DATE 23.01.2012 


 


CC  Golder Associates (Turkey) ltd 


 


FROM  Golder Associates (Italy) srl PROJECT No.  10508461413 


 


MARINE BIOLOGICAL SURVEY IN ALIAGA BAY 
 


 


 


 


1.0      AIM OF THE SURVEY 
 


 


The marine biological survey was addressed to collect useful information and data in order to elaborate the 


following products: 


     A map of marine habitats distributed in the project area sea bottom and in an appropriate buffer zone 
(the ensemble of the project area and of the buffer zone constitutes the study area). 


     Lists of marine species living in the study area. 


   Lists and distribution of sensitive and/or protected species and/or habitats present in the study area (if 


any). 
 


Before the field work implementation a survey plan has been elaborated using all the available data from 


previous geophysical investigations (e.g. geotiff files of the side scan sonar survey; bathymetric data; sub 


bottom profile data). The following intermediate outputs have been elaborated: 


     Side scan sonar photomosaic; 


   The  positioning  of  21  transects  with  video  camera  and  8  stations  for  benthos  studying  (through 


sediment sampling by a Van Veen grab) has been planned and positioned on a map. 
 


 


 


 


 


 


 


2.0      MISSION REPORT 
 


 


2.1        Participants 


     Giovanni Torchia – Marine biologist 


     Francesco Pititto – Marine biologist 


     Gizem Altinkaya – Geologist (attended the survey on 17 and 18 of January) 


 


 


2.2        Main instruments 


     Video camera Quasi Stellar equipped with 100 m cable, TV monitor, multimedia hard disk 


     GPS Garmin 
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   GPS Recon with ArcPad software 


   Notebook with ArcGIS 10 and ArcPad software 


   Van Veen grab 5 l 


   Sieves 0,8 and 1 mm mesh 


   Material for benthos samples storage 


 


 


2.3 Report 


Video  transects  have  been  carried  out  drawing  the  video-camera (specially  equipped  with  flange  and 


weights) along the planned transects. All videos have been recorded and titled. 
 


Macro-benthos investigation has been made using the Van Veen grab. Samples has been sieved on board 


by a 1 mm mesh, stored with alcohol and moved to the laboratory for taxonomical identification. 
 


 


 


17.01.2012 
 


Boarding at about 16:00 


   Organization of a briefing on board of the boat with the captain and his crew 


   Instruments mobilization 


Landing at about 17:40 
 


 


 


18.01.2012 
 


Boarding at 8:00 
 


Execution of 15 Video transects (T1 – T15) and sampling of benthos in 2 stations (B1a, B1b) 


Landing at 16:30 


At 17:00 visit to the Aliaga fishermen port and meeting with the local fishermen cooperative representative. 


Interviews with fishermen have been carried out (see Annex A) 
 


 


 


19.01.2012 
 


Boarding at 8:00 
 


Execution of 6 Video transects (T16 – T21) and sampling of benthos in 6 stations (B2a, B2b, B3a, B3b, B4a, 


B4b) 
 


Landing at 16:00 
 


 


 


 


 


Giovanni Torchia 
 


Marine biological survey responsible 
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Appendix A 
 


 
 


The video-camera used for the biological survey aft of the 
boat during the campaign in Aliaga Bay 


 


The  control  panel  of  the  camera  with  the  navigation 
system and the TV video 


 


 


 
 


A sample of sandy sediment collected at 20 m depth A sample of muddy sediment collected at 40 m depth 
 


 


 
 


A sieved sample of macrobenthos The fishermen boat in the Aliaga port 
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Appendix B 
 


The form with the main issues discussed with fishermen during the interview 
 


 Project     


 Type of interview     


           
 Site   Date     


           
 Interviewer       


           


                      
1. Fishing Area     


  


  


  


           
2. Are there any prohibition in fishery and/or delimited fishing areas?      


  


  


  


     
3. Fishing Gear(s) used by the Fisherman        


  


  


  


     
4. Species caught by the Fisherman        


  


  


  


     
5. Fisherman's Fishing period         


  


  


  


           
6. Fishing Gear(s) used by Fisherman's colleagues       


  


  


  


           
7. Species caught by Fisherman's colleague        


  


  


  


           
8. Fisherman colleagues' Fishing period        


  


  


  


           
9. Are there any problems of coexistence with other fishermen in the sea?     


  


  


  


           
 







